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The world of education is currently undergoing a massive transformation as a result of 

the digital revolution.  This transformation is similar to the transition from apprenticeship to 
universal schooling that occurred in the 19th century as a result of the industrial revolution. In the 
apprenticeship era, most of what people learned occurred outside of school. Universal schooling 
led people to identify learning with school, but now the identification of the two is unraveling. 

All around us people are learning with the aid of new technologies: children are playing 
complex video games, workers are interacting with simulations that put them in challenging 
situations, students are taking courses at online high schools and colleges, and adults are 
consulting Wikipedia. New technologies create learning opportunities that challenge traditional 
schools and colleges. These new learning niches enable people of all ages to pursue learning on 
their own terms. People around the world are taking their education out of school into homes, 
libraries, Internet cafes, and workplaces, where they can decide what they want to learn, when 
they want to learn, and how they want to learn.  

Who will benefit ultimately from this revolution? In America there is a commercial push 
to sell educational products to consumers who are looking for an edge up in the race for success. 
This means that technological products and services are popping up all over the American 
landscape.  Education, once viewed as a public good with equal access for all, is now up for sale 
to those who can afford specialized services and computer programs.   

We think schools have served America and the world very well. We greatly admire the 
teachers who have dedicated themselves to helping children from different backgrounds to learn 
and thrive in a changing world. Schools have made invaluable contributions to the world’s 
development and we think they will continue to do so well into the future. 

However, we think it is time that educators and policy makers start to rethink education 
apart from schooling.  Education is a lifelong enterprise, while schooling for most encompasses 
only ages five to 18 or 21. Even when students are in school, much of their education happens 
                                                 
1 This article summarizes arguments in the forthcoming publication: Collins, A. & 
Halverson, R. (2009). Rethinking Education in the Age of Technology: The Digital 
Revolution and the Schools. New York: Teachers College Press. 
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outside of school. We all know that technology has transformed our larger society. It has become 
central to people’s reading, writing, calculating, and thinking, which are the major concerns of 
schooling. And yet technology has been kept in the periphery of schools, used for the most part 
only in specialized courses.  

The central challenge is whether our current schools will be able to adapt and incorporate 
the new power of technology-driven learning for the next generation of public schooling. If 
schools cannot successfully integrate new technologies into what it means to be a school, then 
the long identification of schooling with education, developed over the past 150 years, will 
dissolve into a world where wealthier students pursue their learning outside of the public school. 

 
 Incompatibilities between Schooling and Technology 

There are deep incompatibilities between schooling and the new technologies: 
• Uniform learning vs. Customization. Deeply ingrained in the structure of schooling is a 

mass-production notion of uniform learning. This belief stipulates that everyone should learn 
the same things at the same time. But one of the great advantages of technology is 
customization. Computers can respond to the particular interests and difficulties that learners 
have and provide content on any topic of interest. 

• Teacher as expert vs. Diverse knowledge sources. Schooling is built on the notion that the 
teacher is an expert, whose job is to pass on their expertise to students. Teachers do not like 
to see their authority challenged by students who find contradictory information or who ask 
questions beyond the teacher’s expertise. In contrast, video and computers provide many 
different sources of expertise. Often teachers feel threatened by these views because they 
undermine their authority. 

• Standardized assessment vs. Specialization. The assessment technology employed in 
evaluating students uses multiple-choice and short answer items, in order to provide 
objective scoring. But this form of testing requires that every student learn the same things. 
To the degree technology encourages students to go in their own direction, it is in direct 
conflict with the standardized assessments pervading schools. 

• Knowledge in the head vs. Reliance on outside resources. There is a deep belief among 
teachers and parents that to truly learn something, it is critical to internalize it without any 
reliance on outside resources. Therefore, on tests students are usually not allowed to use 
books or calculators, much less computers or the web. The opposite is true of adult life, 
where technology supports people’s use of outside resources. In the workplace you are often 
judged on how well you can mobilize resources to accomplish some task. 

• Coverage vs. The knowledge explosion. School pursues the goal of covering all the 
important knowledge people might need in the rest of their life. As knowledge has grown 
exponentially, textbooks have grown fatter and fatter. It has become difficult to cover all the 
important material, and so curricula have become ‘a mile wide and an inch deep.’ Given the 
explosion of knowledge, people cannot learn in school all they will need to know in later life. 
So they need to learn how to learn and how to find the information and resources they need.  

• Learning by acquisition vs. Learning by doing. Deeply embedded in the culture of 
schooling is the notion that students should learn a large body of facts, concepts, procedures, 
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theories, and works of art and science that have accumulated over time. In contrast, 
technology fosters a more hands-on, activity-based education. Computers are highly 
interactive and provide a variety of tools to accomplish meaningful tasks. Hence, they are 
more aligned with the “learning by doing” view of education, than with the “acquisition of 
cultural knowledge” view of education that permeates schooling. 

By way of summary, school fosters just-in-case learning while technology fosters just-in-
time learning. There are many reasons why schools are uncomfortable with new technology. But 
technology is becoming central to all of life. We think this means that school will become less 
important as a venue for education. We already see the seeds of a new system emerging in the 
burgeoning movements toward home schooling, workplace learning, distance education, learning 
centers, adult education, and lifelong learning generally. 
 
The Seeds of a New System of Education 

Schools will not disappear anytime soon. Schools were prevalent in the era of 
apprenticeship, and they will be prevalent in whatever system of education that comes into being. 
But as the seeds of a new system begin to emerge, education will occur in many different, more 
adaptive, venues and schools will have a narrower role in learning. 

Home schooling has been booming in America over the last 30 years. Based on a survey 
in 2003 the US Department of Education estimated there were 1.1 million children being home 
schooled, and that the number had increased by 29% in four years. The survey also found that 
21% of the families engaged in home schooling hired a tutor and 41% used distance learning. As 
more curriculum materials are developed for computers, they can take over more of the content 
burden leaving parents to act as facilitators. There are upsides and downsides to the spread of 
home schooling. It may indeed lead children and parents to take more responsibility for their 
education, but at the same time it means that children will not be learning common content and 
values. 

Workplace learning has been rapidly expanding over the last 30 years as companies have 
realized they need to educate their workers to handle complex equipment and solve novel 
problems. Motorola has been teaching statistical analysis and other complex skills, and even 
basic reading and computing when needed. The consulting firm Accenture has been developing 
courses and simulation programs where employees perform the kinds of tasks they will 
encounter in the field. Xerox has developed an online system containing stories of difficult 
problems to diagnose that tech reps have compiled. More and more of workplace education is 
addressing complex skills and learning to learn. Workers may spend their whole lives learning in 
order to survive in a changing workplace. 

Distance education over the Internet is exploding at the collegiate level. The University 
of Phoenix is the most successful online university in America.  It has over 100,000 students 
altogether, including over 30,000 online students. As busy people realize they need more 
education, they increasingly opt to take distance education courses.  Many states and districts are 
also experimenting with virtual high school programs, where teachers at different schools in the 
system offer online courses to students at other high schools in the state. Utah with 35,000 online 
students and Florida with 21,000 online students are farthest along on this path. Some virtual 
high schools are organized as charter schools that enroll students from across the state. Although 
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distance education has a head start in adult education, the development of virtual K-12 schools 
provide challenges for brick and mortar public schools.  

Adult education is growing with more adults taking courses in the evening at adult 
education centers, and older people returning to get graduate or undergraduate degrees. Many 
people now go onto the Web to learn about particular topics they are interested in, such as how 
to invest in stocks. Adults often go on vacations with an educational purpose, such as a retreat to 
discuss books or a trip with an expert providing guidance. Adult education is one of the major 
growth industries in America. While much of the learning that goes on is recreational, it still 
provides valuable knowledge that sometimes may lead to a second career or the pursuit of a 
long-term interest. Perhaps it will turn out that some of our most productive citizens are older 
people, who use their free time to keep learning. 

Learning centers run by Kaplan, Sylvan, and others have arisen, where people can go to 
learn particular skills and knowledge they need. They most commonly serve to prepare students 
for national tests, such as the SAT or ACT, and to tutor children who are having problems in 
school. In the 1990s the U.S. Department of Education launched an initiative to support non-
profit community technology centers to serve communities, where access to computers and other 
technologies is limited. There are now over 1000 centers in different locales, such as housing 
projects, storefronts, community organizations, and libraries. Most of the participants are 
minorities, who go to learn job skills, take classes at the centers, and use the Internet facilities. In 
time learning centers might evolve as an alternative to school at the high school level and 
beyond. Teenagers and adults might go to the centers to study particular subjects of use to them. 

Educational television and videos for children have spread widely since the start of 
Children’s Television Workshop in the late 1960s. The impact of television on learning has been 
greatly expanded by two developments: 1) the growth of the public television network (PBS) and 
2) the advent of cable television. At the same time there has been a proliferation of videos for 
kids that emphasize learning, which many toddlers watch over and over. Videos and television 
for young children provide an access to education that is an entirely new phenomenon. And so 
much have been produced in the last thirty years, that most kids are getting a head start on their 
school education. 

Computer-based learning environments have proliferated with the advent of home 
computers. The most famous of these are the Sim series, such as SimCity and the Sims. In the 
best selling game Civilization, players have the opportunity to relive the development of global 
social and economic history.  Players must plan, choose to negotiate or fight, acquire and allocate 
resources, and make decisions to advance their civilization.  There are also many computer-
learning environments for younger children as well, such as interactive books and kid’s websites. 
Online Multi-User Virtual Environments (MUVEs) have proliferated, where people from all over 
the world can converse or explore places that others have created for them. The next generation 
of MUVEs are graphic-enhanced Massively Multi-Player On-Line Games (MMOGs) that have 
led to an explosion of participation in virtual worlds.  Gaming may help kids learn a variety of 
leadership skills, such as resource allocation, negotiating with friends and adversaries, 
manipulating situations and environments, actively pursuing their goals, and recovering from 
failures. As John Seely Brown has suggested, the gamers of today may become the leaders of 
tomorrow. 

Technical certifications are a new phenomenon. Until recently schools and colleges had a 
monopoly on the certification business. The growing use of the GED as an alternative to the high 
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school diploma has begun to cut into the high school monopoly on certification. In recent years a 
host of companies, such as Microsoft and Cisco, as well as technical societies, have developed 
exams that certify that a person has a particular level of skill in some occupational niche, such as 
creating web pages or maintaining computer networks. Because the certifications are more 
specific than diplomas, they are more meaningful to potential employers. 

Internet cafes are springing up all over the world, where people can go and log on to the 
web for a small fee. These are perhaps the libraries of the future. They particularly attract young 
people who spend hours on the web, engaging in conversations and games, reading about what is 
happening in the world, learning how to program, or exploring different sites that relate to their 
interests. In much of the world, schools have been resource-poor. The opening of the Internet to 
the world gives people who have been deprived of an education a way to compensate, if they 
have the initiative. 

The cumulative effect of these innovations is to extend learning throughout life and over 
many venues. With time, these pieces might come to comprise the fragments of a new system of 
education in which schools have a less central role, as in the apprenticeship era. But for now, 
these elements have developed independently of one another. They do not in any sense form a 
coherent system of education. That is where the need for visionaries is most apparent. It will take 
energetic visionaries to do the kind of work Horace Mann did during the first educational 
revolution -- that is to figure out how to build an equitable and coherent system from these 
emerging pieces. 

 
A Comparison of the Three Eras of Education 
We are now entering the lifelong learning era of education, having experienced the 
apprenticeship and schooling eras. These three eras differ in many aspects. In some ways the 
lifelong-learning era reflects elements of the earlier apprenticeship era. 
 

• Responsibility: From the parents to the state to the individual and parents. With the 
Industrial Revolution the state took over responsibility for educating children from their 
parents. There was a concern about immigrant children learning American values and 
language. In the present era responsibility for education is moving away from the state to 
the parents for younger children and the individual among teenagers and adults. 

• Content: From practical skills to basic skills and disciplinary knowledge to generic 
skills and learning to learn. The content of education before the industrial revolution 
focused on the skills and crafts of their parents and relatives, which children would need 
as adults. After the industrial revolution schools stressed learning basic skills children 
would need to function as intelligent citizens and workers and on the knowledge in the 
different disciplines. With the digital revolution, the focus is more on generic skills, such 
as problem solving and communication in different media, and on finding resources and 
learning from them.  

• Pedagogy: From apprenticeship to didacticism to interaction. The pedagogy of 
apprenticeship involves observation, coaching, and practice. The adult shows how to do 
things and then watches while the learner tries, fading support as the learner gains 
experience. The pedagogy of school involves lecturing to children, having them read 
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texts and practice doing tasks, and testing to see if they have learned what was taught. 
The pedagogy of the current era is evolving toward reliance on interaction. Sometimes 
this involves interacting with a rich technological environment such as a computer tutor 
or a game on the web and sometimes with other people by means of a computer network. 

• Assessment: From observation to testing to embedded assessment. In the apprenticeship 
era the master observed learners and corrected them as they went along, giving them 
tasks they were ready for, and seeing if they completed them successfully. In the 
schooling era testing emerged as the means to see if learners had acquired the skills and 
knowledge taught, before passing learners on to the next level. In the lifelong-learning 
era, assessment usually occurs as the learner progresses through a computer learning 
environment, in order to provide support to carry out the tasks and determine whether the 
learner has accomplished the goals. This looks more like the assessment in the 
apprenticeship era than the testing in school. 

• Location: Centered in the home vs. centered in the school vs. centered in multiple 
venues. In the apprenticeship era most work was comprised of household and domestic 
industries. Children learned to read at home and carry out adult tasks from parents or 
relatives. With the industrial revolution, children were gathered in schools to keep them 
off the streets and prepare them for industrial life. Schools are not very amenable to the 
customized education that is now sought, and so education is moving into many different 
venues, such as homes, workplaces, and learning centers, where learning materials can be 
accessed from computers and the web. 

• Culture: From adult culture to peer culture to mixed-age culture. Before the industrial 
revolution children learned from the adults who were working around them. Peer culture 
arose with schooling, and in many ways adopted attitudes and beliefs that were opposed 
to learning. As learning moves out of a school setting, peer culture may weaken and there 
will be settings where children are working on tasks with their parents, other adults, 
peers, and often in isolation from other people in a computer environment. 

• Relationships: From personal bonds to authority figures to computer-mediated 
interaction. In the apprenticeship era children learned from adults they grew up around. 
With the advent of universal schooling they were learning from adults they did not know 
well and who did not understand their personal needs and abilities. As we move toward 
computer environments, learners will be interacting with systems that are responsive to 
what they do, but that have no understanding of them as individuals. But at the same time 
the systems will deal with them in a non-critical, impartial manner. 
Perhaps the most striking change from the apprenticeship era to the schooling era was the 

state’s assumption of responsibility for educating children. In the current era people interested in 
getting ahead are taking back responsibility from the state. But at the same time, what will 
happen to learners who are unable to take advantage of the technologies that are transforming 
learning? 

 
What may be lost and what may be gained 

The revolution in education will alter not just the lives of students, but the entirety of 
modern society. As with any revolution, there are will be both gains and losses. Pessimists see 
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people becoming subservient to their technologies and being left behind as technology comes to 
dominate our lives. Optimists see a golden age of learning opening before us, where people will 
be able to find resources to pursue any education they may want. We don’t envision a future that 
is either bleak or idyllic, but where elements of both are present. We first want to raise our major 
concerns: 

• Equity. Schools have been the means by which many immigrants and minorities gained 
access to the mainstream. Despite widespread tracking and segregation, the public 
schools are the institution that fosters equity more than any other institution. If education 
fractionates and the states relinquish responsibility for giving students an education, then 
poor children are likely to suffer. Public schools may become dumping grounds for poor 
and uninterested students, while parents who want to give their children a good education 
avail themselves of home schooling, private schools, and learning centers. 

• Citizenship and Social cohesion. In Jefferson’s and Horace Mann’s vision, education 
would prepare people to be good citizens and assimilate them to a common culture. Mann 
was very concerned about educating immigrants and developing social cohesion. This 
may be lost as parents and individuals take over responsibility for learning. We can 
anticipate not only Christian conservatives developing curricula, but many different 
interest groups, such as environmentalists, Muslims, and Mexican Americans, developing 
curricula that address their concerns about raising children. In such fractionation by 
interest groups, citizenship and social cohesion goals may be undermined. 

• Diversity. As education fractionates, people may learn less about people from other 
backgrounds and cultures. As David Brooks argues, we are settling into our own little 
“cultural zones” where like-minded people cluster together. Hence, we may find it 
difficult to get along with people from different backgrounds or with different views. 

• Broader horizons. When people select their own education goals, they pick things that 
interest them or that are occupation-oriented. Their choices are often narrowly focused. 
But a major goal of education is to expand people’s horizons. Hence, there is the problem 
of parents steering children along narrow paths. This means that children may not be 
exposed to different views on issues and become more parochial in their ideas. 

But there are also potential gains: 
• More engagement. One potential gain is that education will be directed toward what 

people want to learn, and hence more engaging. For example, parents who school their 
children at home usually encourage them to pursue topics they are interested in. 
Furthermore, in distance and adult education, people choose topics they think will help 
their careers or that reflect their interests. And when people purchase educational videos, 
games, or simulations, they choose topics that interest them. So they are much more 
likely than school children to be engaged in learning. 

• Less competition. Because school is competitive, a sense of failure overwhelms many 
students. Most cope by turning their energies to other activities, such as sports. Most 
students try to do as little as possible. The goal becomes to get grades that are good 
enough not to hurt one’s future, with a minimum of effort. This attitude is inimical to 
learning and is a product of the competitive nature of school.  If people pursue learning 
on their own, they will not feel the sense of failure that comes when everyone is supposed 
to learn the same thing at the same time. 
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• Customization. Another potential gain stems from the capability of computers to 
customize education to the particular needs and abilities of individual learners. Computer 
learning environments can be designed to provide hints and support to students when 
they need help. Hence, computer environments can adapt to the level of the student’s 
ability and help all students to succeed. 

• More responsibility. Parents who school their children at home try to instill a sense of 
responsibility in the children themselves. But it is not just home schooling that fosters 
responsibility among learners. If people are learning at work or at home using distance 
education, they are forced to take responsibility for their own learning. When the state 
took over responsibility for education, families and individuals ceded most of the 
responsibility to the schools. Many school children seem to defy the schools to teach 
them anything. But people are not going to learn much unless they take responsibility for 
their own learning.  

• Less peer culture. Another potential benefit is the diminution of peer culture. Putting 
young people into schools, where their main interactions are with peers, creates an 
unhealthy situation. Peer culture tends to devalue learning and foster drugs, sex, and 
violence. Peer-cultural values emphasize looks and strength rather than intelligence and 
hard work. To the degree that children are learning at home, in workplaces, in learning 
centers, or libraries, it will tend to undercut peer culture. 

 
Rethinking Education 

Education is flux and where it ends up depends on the decisions society makes. So this is 
a time of opportunity to determine the future direction of education in ways that we have not 
faced in 200 years. To be effective in this changing environment requires that the builders of the 
new education system understand the imperatives of the technologies driving the changes in 
education. 

We encapsulate those imperatives in terms of customization, interaction, and control. 
Customization refers to providing people the knowledge they want when they want it and to 
supporting and guiding them as they learn. Interaction refers to the ability of computers to give 
learners immediate feedback and to engage learners through simulation in accomplishing 
realistic tasks. Control refers to putting learners in charge of their learning, so they feel 
ownership and can direct their learning where their interests take them. 

A possible education reform is to develop national certifications that can be administered 
on computer or by assessors at any school or learning center. These certifications would be much 
more narrowly focused than a high school diploma. People apply for as many as they like and 
can sit for them whenever they are ready. Certifications could be developed in three areas: 
academic skills, generic skills, and technical skills. In the academic area English competency 
might be assessed at 3rd grade, 6th grade, 9th grade and 12th grade levels of reading and writing. If 
people wanted to take courses to prepare for the exams they could, or if they wanted to study on 
their own they could. Some learners might obtain a large number of these certifications and some 
might obtain fewer. 

When students become teenagers, we would trust them to follow a number of different 
paths. They might attend school, work, study at home to take certification exams, or participate 
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in some kind of youth organization like AmeriCorps. If they want to go to college, they might try 
to get all the certifications they need for college as soon as possible, and go off to college at age 
15 or 16. Others might work for a while and come back to school to prepare for college. Ideally 
the state would pay for students’ preparation for a certain number of certifications (perhaps 20 or 
30). Then people could take courses whenever they are ready, at whatever age. This is far better 
than forcing unwilling teenagers to stay in school until they are 16. It would produce a mixed age 
population in the courses, filled with people who chose to be there. 

Society should not assume that the only way to improve education is to improve the 
schools. There are other questions we need to consider, such as: How can we develop games to 
teach mathematical reasoning? How can we make learning technology available to more people? 
What tools can support people learning on their own? These are questions about improving 
education outside of schools. 

There are a variety of things we can do to support people to learn on their own: 1) we can 
provide machines for all toddlers that help them learn to read on their own, with books by writers 
such as Dr. Seuss. These machines could also have computational games to challenge kids. 2) 
We can provide tutoring programs on the web to teach a variety of topics that perhaps are tied to 
certifications. 3) We can provide computer-based games on the web that foster deep learning and 
entrepreneurial skills. These are things that governments should support if they want to be 
competitive in the technology age. 

Technology is changing what is important to learn in a variety of ways. There are new 
literacies that are becoming important, such as creating videos, animations, and web sites.  
Computers can carry out all the algorithms taught through graduate school, and yet mathematical 
reasoning is more important than ever. Hence we should spend time teaching students to solve 
sophisticated problems using computers rather than executing algorithms that computers do well. 
Memorizing information is becoming less important with the web available, but people do need 
to learn how to find information, recognize when they need more information, and evaluate what 
they find. 

People will be changing careers often and transitions are difficult. They need help going 
back and forth between learning and work. They should be assigned a personal counselor in 
middle school to help them think about what they need to learn for different careers and how to 
acquire that knowledge. If they leave work, a counselor could advise them on learning 
opportunities they can pursue. People will be going back and forth between learning and work 
throughout life and ideally they should be able to consult the same counselor as they make these 
transitions. 

This is the time we need another Horace Mann to provide the vision for an educational 
system that can integrate all the different elements we see developing. These elements do not 
form a coherent system, and few people know how to avail themselves of the opportunities that 
are out there. Society especially needs to concern itself with issues of equity, given that elites can 
buy themselves many educational advantages.  

Parents and citizens need to push for a more expansive view of education reform. School 
leaders and teachers need to understand how learning technologies work and how they change 
the basic interactions of teachers and learners. Technology leaders need to work together with 
educators, not as missionaries bearing magical gifts, but as collaborators in creating new 
opportunities to learn. It will take a concerted effort to bring about such a radical change in 

 9

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

9
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



thinking. If a broader view develops in society, leaders will emerge who can bring about the 
political changes necessary to make the new educational resources available to everyone. 
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Introduction 
Scratch has great potential for social learning and collaboration, but no effective group 
structure to support these community-based activities. In its present state, the Scratch
community can be described as a set of individuals with little connection to each other
beyond the shared interest in making Scratch projects, which again, are primarily
individual works. As one enormous single-layer collection of individuals -- both people 
and projects -- it is becoming increasingly evident in Scratch that its current state of
affairs is not scalable as a community. Not only is it hard for users to find common 
interests in a vast sea of individual work, but also it is difficult for Scratch users to find
an appreciative audience and meaningful feedback in response to their creative efforts. 

A more well defined way for Scratch members to identify with each other would greatly 
facilitate social learning. Groups would give Scratch users a platform to organize
themselves into meaningful sub-communities. When organized well, meaningful sub-
communities naturally come together to form a more meaningful and scalable overall
community. Besides building community identities through groupings across shared 
interests, Scratch members would be able to use this construct to create long-lasting
affinity groups out of collaborative efforts [1]. 

In addition, one of the underlying motivations for members to keep creating Scratch
projects and be active long-term participants in the Scratch community is understood to
come from the personal need for self-expression. Scratch was thus developed to play at
least two intrinsic roles: in addition to being a hands-on classroom for learning
programming concepts in an accessible way, it is also an open (but safe) forum of self-
expression. From this perspective, a formal platform for forming social groups would
inspire Scratchers to think consciously about their identities; this would in turn
encourage more purposeful self-expression. 

The goal of this work is to develop a conceptual design of a group construct for Scratch
that will remove the existing barriers to social learning and collaboration in the
community by providing a formal setting and toolbox for these activities and connecting
users with shared interests in a very well-defined way. All features in this work have 
been designed with primarily an audience of children in mind. 
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A Study of the Community of Practice 
A Scratch group construct needs to be customized to the preferences, culture, and 
unique character of the Scratch “community of practice”. In order for users to find it
useful and relevant, any new feature must address the needs of the community and
seamlessly integrate into the existing Scratch design. To this end, the User Suggestions
section of the Scratch Forums proved to be a valuable resource for gathering
information about what features and improvements Scratchers would like to have
introduced into Scratch, and to get familiar with the perspective of the experienced
Scratch user. 

Browsing through the forums, it quickly became evident that Scratch users are looking
for some sort of meaningful organization of projects and galleries, as well as a greater
sense of connectedness with others in the Scratch community. One Scratch user 
named Toasty mentions how, if they want to create their own sub-communities and 
connect with other Scratchers, they are left to their own devices. Multiple users voice
their agreement that the gallery system is out of control with too many new projects that
often are unrelated to the theme of a design studio. Hierarchical organization by topic is
mentioned as a possible solution by Scratch user Paddle2See. Another user, ashbyr1, 
expresses how individual creative efforts seem to get lost in the sheer vastness of the 
corpus of projects, never quite finding their way to an appreciative audience: 

“The worst feeling in the world is to pour your hard work and creativity into a
project only to have it ignored completely by the Scratch community.   The 
problem is not that the Scratch community doesnʼt care...The problem is that we
are all overwhelmed with the number of new projects. “ -- ashbyr1 

Scratch Critique Groups 

Ashbyr1 goes on to propose the idea of forming themed “critique groups” using Scratch
galleries, the only Scratch resource that currently makes this possible. In a critique
group, users would be able to submit relevantly-themed projects and receive feedback,
advice, and other commentary from an appreciative audience. In effect, the existence of
a critique group associated with a specific theme would act as a magnet to collect a
focused audience that shares this same niche interest. This idea by ashbyr1 was 
extremely well received, and many such ad-hoc critique groups have since been
created across a variety of niche interests. 

The use of galleries to form critique groups is not well suited for social learning,
however. In the current setup, critiques are submitted as comments to the project 
webpage, and are therefore buried within the context of the individual project. The 
process of searching for critiques thus involves wading through project after project in a
critique group gallery, checking to see if there is any feedback on the project webpage. 
Tedious as this is, it is even more difficult to find meaningful critiques. Worse yet, finding 
meaningful critiques that are relevant to a userʼs personal interests in the current gallery 
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setup of critique groups seems equivalent to the task of finding a needle in a haystack.
Scratch users have expressed opinions that more generally confirm these problems that
are observed with galleries: 

“Galleries are nice, but it would be easier to find the projects you want if people
from the scratch team gathered some of the model projects and sorted them into
groups. Then, you would have a good library of simulations, artworks, tutorials, 
ect (sic) without going through the hassle of looking though a bunch of galleries.”
-- archmage 

Scratch Companies 

One measure of the success of an idea within a community is when it becomes the
equivalent of a “household word” in that community. In other words, the relevance of 
that idea is widely accepted by the community to such an extent that there is a collective
agreement on a particular name to describe it. When a concept earns this status within
the community, it becomes a defining element of the culture of that community.  Critique
groups are one example of this phenomenon. 

Another such user-created, community-named cultural concept, precedent to critique
groups, is the Scratch “company” [2][3], which evolved out of the collaborative efforts of 
Scratch users. A company comes into existence when two or more Scratch users 
decide to work together on a single project, each contributing content to the project
according to their various areas of expertise. Collaboration being one of the core design
principles of Scratch [3], it is no surprise that companies evolved despite the fact that
Scratch does not provide any formal structure for collaboration. (To note, remixing is an 
individual activity, and does not formalize a collaboration.) Similarly to the case of 
critique groups, the only resource currently available to anchor “companies” within the
Scratch environment is the ad-hoc adaptation of galleries. 

Recently, a Scratch user by the name of JSO proposed adding a “co-work” feature to 
the Scratch environment that would implement a toolbox and formal structure for
collaboration to support Scratch “companies”. This idea was very well received, with
users acknowledging the fact that it would make “companies” easier to handle and
would take collaboration to a whole new level. Andres Monroy-Hernandez of the Scratch
Team also approved, saying that he has added this feature idea to the long Scratch 
website to-do list. 

Proposed Design 
My proposed design lends a close ear to the voices of the community, and consists of 
three types of groups: Company Groups, Critique Groups, and Special Interest Groups.
Inspired by the co-work feature idea, Company Groups are designed as a platform for
collaboration on Scratch projects, with the goal of replacing the ad-hoc use of galleries
as the formal home for the user-created cultural concept of Scratch “companies”. 
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Critique Groups would establish themed sub-communities to which people can submit
their creative work for viewing, feedback, and commentary by an appreciative audience,
as the formal home for the user-created cultural concept of Scratch “critique groups”.
Special Interest Groups would be configurable to support a variety of other purposes,
ranging from workshops that are focused around scheduled events to location-specific
sub-communities of Scratch users seeking to connect and identify with each other.  

All three types of groups would have a similar core structure. Components common to
all group types would be a statement of group identity, a list of members, an admin 
hierarchy, some kind of communication platform, and a join/invite/leave interface.  This 
design may seem familiar and intuitive, because it evokes the set of features that are
widely used across various existing social networking and online group sites, such as
Facebook, Ning, and Google Groups. In fact, the very reason that these features are so
ubiquitous is precisely because they are the bare essentials that are necessary to
define a group. 

A group would have its own website in the Scratch environment, designed with a tabbed
view similar to the recent redesign of Facebook profiles (Figure 1, Figure 5 ). Every
group website would contain an Info tab, initially displayed on top by default, and a
Membership tab. The Info view contains, among other things, the statement of group
identity, rules and announcements, the list of admins by name and role, and a preview 
of the group members list. The Membership tab would present the complete list of
members. The statement of group identity would be presented both pictorially, either 
through a photo or a Scratch project, and in written form, as a mission statement. 

The communication platform of a group can be a forum, blog, or comment section, or
any combination of these media. The group website would have a separate tab for any 
Forum or Blog that it maintains, while a comment section would be included in the Info 
page. 

In the specific context of Scratch, I also envision groups as wrappers for the existing
design gallery construct. Thus, every group would be able to create and maintain its 
own gallery of Scratch projects. A group gallery (or set of galleries) would be essential 
in the case of Company Groups and Critique Groups, but optional for Special Interest
Groups. In terms of presentation, the groupʼs Info page would contain a preview of the
most recent Scratch projects in the group gallery, and the groupʼs website would also 
include a Galleries tab that presents the full view. 

Together, these three group types would thus implement the organization that the 
Scratch community finds lacking in galleries as they currently exist. 
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Figure 1. Prototype of a Company Group Website. 

Company Groups 
The Company Group brings together the creative efforts of multiple people on a 
particular niche topic. In order to support collaboration on Scratch projects, the design
of the Company Group involves innovations to both the Scratch website and the Scratch
programming environment. 

In terms of social dynamics, the creator of the group website would be the leader of the
company group. Members of the group can apply for specialized leadership positions
within the company, and would be appointed selectively by the creator, based on any 
particular areas of expertise that the collaborator may bring to the table. In the same
vein, users can apply to collaborate on a specific project, much like applying for a job.
The interface for this application process will be described below.  Any admin would be
able to review an application and approve the applicant to collaborate on a project. For
effective collaboration, it would work best for participants to assume specific, well-
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defined roles. Their activities may range outside of their specific roles as desired, but at 
the core, the well-defined role would serve as the foundation. 

The website of a Company Group would enable members to create new galleries for the 
groupʼs projects. In terms of communication, Monroy-Hernandez writes that chat is the
communication platform of choice for long-distance collaborations over the internet [2].
However, since there are many issues surrounding the use of chat in Scratch, the next 
best communication platform for collaborative work would seem to be a Forum, because
it provides a hierarchical view of discussion and announcement related content, starting
from the general topic, then going deeper to thread subjects within a topic of choice,
and finally to the contents of posts within a particular thread. Such organization makes
communication efficient across a variety of topics and issues and ensures that members
stay informed about the state of collaborative efforts within the group. 

In his case study of the Green Bear Group “company” that was founded in Scratch by
three children [2], Monroy-Hernandez also mentions that voting on certain decisions,
such as whether to allow an applicant to join the company and which new projects to
pursue, is a popular feature in the social dynamics of collaboration in Scratch. For this
reason, I also include a survey-type voting feature in Company Groups. However, it 
should be noted that this feature is not the same as election infrastructure and would 
not implement any functionality for electing or impeaching company leadership. 

Collaboration Interface 

On the programming side, a user should first and foremost have the ability to turn an
individual project into a company project. Only admins of the Company would have this
privilege. A “Collaboration Setup” button can be added to the programming interface for
this purpose. When the user clicks this button, an entry form dialog would appear
(Figure 2), in which the user can specify a Company name with which to associate this
project . Submitting this information, authenticated by the userʼs username and 
password, would formally register this project in the Company Group website, upload
this project into the Company Groupʼs design gallery, and transform it into a company 
project with all associated collaboration features. Namely, these collaboration features 
are version control, the ability to share projects to the Scratch website in the name of
the company, and an interface to enable users to apply for collaboration on a company 
project. 
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Scratch Collaboration Settings 

Company Name   
Set Company 

Collaboration Setup 

Figure 2. Collaboration Setup Process in Scratch Programming Interface 

When a project becomes a company project, a new section column would be added to
its programming interface view (Figure 3). This column would identify the name of the
company and contain a set of tabbed panels -- one tab for the version control display, 
and another for the list of collaborators that have been approved, and therefore have
access, to work on this project. Designing a version control feature in detail is beyond
the scope of this work, but in essence it would contain a hierarchical list of the versions
of this project, each version corresponding to a modification to the project made by a
single user. Each version entry is identified by a version number, the user who made the
modification, and the date and time that this version was shared to the Scratch website.
It also includes any comments describing the modification: the comments can be
optionally hidden or displayed by the user, as shown in Figure 3. 
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Collaboration Log 

Version 1: Created by scyudits on 11/26/08 at 11:30pm 

Version 1.1: Modified by jlai on 11/27/08 at 4:35pm 

This project is a 
Happy Scratchers company production. 

Changelog  Collaborators   Notes 

Version 1.2: Modified by itsao on 11/28/08 at 6:15pm 

Show all comments  

Removed dog sprite, added my special 
version of Scratch cat instead. 

Version 1.3: Modified by scyudits on 11/28/08 at 7:13pm 

Collaboration Setup 

Figure 3. Collaborative Interface for Company Groups 

The happy_scratchers company shared 

it 2 hours, 24 minutes ago. 
Critiques 

11/29/08 in Sprite Tutorials
 Need help making happy face sprite. 
Posted by scyudits 

12/01/08 in Animation Critique Group 
Is my gravity implementation realistic 

enough? 
Posted by smileybug 

Collaborate! 

Figure 4. Collaborate! and other group-related changes to project webpage. 
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Sharing a Scratch project in the name of a company would be a transparent addition;
this will change nothing in the interface. As long as the project is associated with a 
company as described above, the user would simply need to click “Share” as usual,
provide his or her personal username and password, and this would share the current
version of the project to Scratch in the name of that company. Besides the username 
and the password, the “Share” dialog would also provide space (as it already does) for
any comments that the collaborator would like to include in his or her version control
entry. 

A shared Company project would be automatically saved to the Company Groupʼs 
design gallery and would have its own webpage just like any individual project, with two
main differences. First, instead of an individual username, the company name will be 
listed as the entity that shared the project. The project webpage will separately include a
list of the specific company members who collaborated on this project. Second, the
page of a company project would include a “Collaborate!” button (Figure 4). Clicking this
button would launch the process of applying for a job as a collaborator on this project
within its company. Any nonmembers who submit an application would automatically 
become members of the company if they are accepted for the job. Once approved, the
user is added to the collaborators list for the project and all version control features are
enabled for this user. 

Critique Groups 
Fundamentally different in nature from Company Groups, Critique Groups bring 
together an individualʼs creative work and a niche audience that is interested in it in 
some way. An appreciative audience consists of experts as well as novices. Experts are
usually interested in maintaining a high quality of existing content in their niche area of
expertise. Therefore, they willingly provide constructive, thoughtful feedback and in fact 
seek out opportunities to do so. Novices are those interested in learning more about the
process of creating content in the niche subject matter. They seek guidance in their 
creative efforts within the niche as well as opportunities to learn from other projects their
feedback that may be relevant. 

The social dynamics of a Critique Group suggest that a democratic leadership structure
would work well in this context, where the community can elect new leadership given a
majority agreement of opinion. Although not necessary, I think a democratic leadership 
structure would help any online community remain active in the long run, as turnover in
membership occurs over time. The original founder(s) would inevitably would lose 
interest or leave the website eventually to move on other pursuits, and without a way to
elect new leadership, the group would simply become inactive. In the case of Company
Groups, democracy is counterproductive for collaborative work and therefore not an
option. But since Critique Groups do not share these issues, they should certainly
provide the option for a democratic leadership structure. In addition, a democratic
leadership structure would benefit the quality of content in a Critique Group, since the
leaders would be motivated to keep the community happy to avoid impeachment. 
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Leaders of a Critique Group would have the option to set the exclusivity of the group. At 
the higher setting, users must submit an application to join the group, becoming
members only if approved by the leadership. This is the only setting available for 
Company Groups. At the lesser setting, users would be free to join the group without
any approval process. In theory, there is also the question of who can contribute 
content. Given the problems of over-contribution and the consequent flooding of
irrelevant projects that currently plague Scratch galleries, I think that only members
should ever be allowed to contribute content to any group. Besides, if nonmembers
were allowed to contribute, the very concept of membership in the group would become
meaningless. 

The design of a Critique Group revolves around three pivotal, unique features: a critique
blog, reflective questionnaires that guide submission and feedback, and critique points.
The following sections describe these three proposed features in greater detail. 

Critique Blog 

Each project submitted for critique creates a new blog entry in the critique blog (Figure
5). The entry consists of a title chosen by the submitting user to describe the
submission, a thumbnail view of the project that is also a link to the project webpage,
and a description summarizing the project and the kind of feedback that the user is
looking for. Critiques for this submission appear as responses within the blog entry 
(Figure 6). 

Reflective Questionnaires 

A key design goal for Critique Groups is to encourage meaningful critiques to maximize 
the quality of social learning. One challenge in addressing this goal is that, in the words
of Scratch user mletreat, “It is often very difficult for people to give constructive
feedback.” Learning how to think reflectively and critically about other peopleʼs work has 
always been an essential skill for the intellectual success of the individual and the
technological progress of a society. Schwarz names critical thinking and complex 
communication as some of the 21st century skills that are necessary for success in the
modern workplace. Designing Scratch features that develop this skill in children on such
a grand scale would truly be of benefit to society. 

As I developed my design for Scratch Groups, I exchanged ideas and discussion with
fellow student Justin Lai, who had made this very design goal -- encouraging reflective
communication in Scratch -- the focus of his project. I was also inspired by the
constructive and insightful forum post by Scratch user mletreat about constructive
feedback for critiques. Both Justin and Mletreat agree that an effective way to develop 
critical thinking is to guide the userʼs thought process with sample reflective questions.
Mletreat proposed some excellent questions for both the project submission and its
critiques. I believe mletreatʼs questions would be so effective to include in Critique 
Groups that I will simply quote them here verbatim: 
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“For the creator, it is helpful to explain some things up front when you are asking for a critique: 

--What is your project about?

--What are you trying to achieve?

--Why is is worth achieving?

--How are you attempting to achieve this?


For those of you offering to critique others projects, here are some types of questions to answer 
in a critique: 

--Why did this project catch your eye? What is the first thing you see/notice?
--How do you connect to this project?
--What stands out about this project the most?
--What makes this project different or similar to others?
--Why did you love this project?
--What impression does this project leave you with?
--Does the style of this project distract from the purpose/concept?
--What message does this project send?
--Is there an emotional story attached to this project? How does that make you feel?
--What is the creator trying to communicate with this project?
--Does the creator do a god job of achieving what they say they want to achieve?”

-- mletreat (Scratch user) 

Given these excellent reflective questions, my design problem was to consider when
and through what interface to apply these questions effectively to encourage meaningful
communication in Critique Groups. In my proposed design, I decided to present these
reflective questions to the user in the form of a “reflective questionnaire” to fill out as
part of the submission and critique interfaces, as described below in the Submission
Process and Critique Process sections. All the questions would be optional, and the 
section for open-ended commentary would still also be provided as an option. 

Critique Points 

Critique Points are inspired by Sun Java forumsʼ Duke Stars to serve a dual purpose:
controlling the number (and therefore, quality) of submissions per user, and 
encouraging meaningful critiques. When a user first joins the Critique Group, he or she
would start out with (e. g.) 5 Critique Points. Submitting a project for critique would cost
1 Critique Point. The user can also offer a certain number of his or her additional 
critique points as a reward for any helpful feedback that is provided in response to this
submission. In the resulting “economy” of Critique Points, users can therefore earn
critique points by submitting meaningful critiques. The Critique Group would have a list
of the top X critiquers. This would be a label of honor that could also go into the 
individualʼs profile. 
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Figure 5. Critique Group Blog Entry 

Submission Process 

Members of the group would initiate a submission by clicking on the “Submit a project”
button that would be located on the Info page of the Critique Group. If the user has at
least 1 Critique Point, this would take the user to a dialog or a new webpage that
displays all the userʼs projects in a scrollable list. After the user selects the desired 
project and clicks “Next”, the submission process would take the user to the reflective
questionnaire form that requests the user to provide details about the project and the
reasons for submission. Again, all of the questions would be optional, and there would 
still be an open-ended comments section in which the user can write freely. This 
interface also enables the user to specify how many of his or her remaining Critique
Points to put up as a reward for helpful critiques of this project submission. Clicking
“Post” would create a new blog entry corresponding to this project submission, with 
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everything the user wrote in this questionnaire (and the corresponding questions, if any
were answered) posted as the body of the entry. An example entry with reflective 
questions is shown in Figure 5. 

Critique Process 

As mentioned above, every project submission creates a new blog entry. Within this 
blog entry, there would be a button labeled “Critique this Project”. When it is clicked, a 
reflective questionnaire form would appear, presenting well defined sample critique 
questions as well as open ended comment space. Finally, clicking “Post” would post the
contents of this critique as a response to the project submission blog entry. 

Figure 6. Critique Process 
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Special Interest Groups 
As described in preceding sections, Company Groups and Critique Groups are highly
specialized communities, each serving a specific purpose that is intimately connected to
the culture of the Scratch community. In contrast, Special Interest Groups are intended 
as a generalized infrastructure to support the creation of new subcommunities within the
Scratch community. Like the Ning.com social networking website, Special Interest 
Groups would be configurable to support a variety of purposes, such as Scratch-related
workshops that maintain a calendar of scheduled events, location-specific groups of
Scratch users seeking to connect and identify with each other, and any other kind of 
niche interest group. Niche interest groups would be communities in which users with a
common interest exchange and discuss ideas and develop inspirations for new Scratch
projects. 

Some features that would be useful as options for configuration are
* An event calendar 
* Choice of communication platform (Blog, forum, comment feed
* Election and survey infrastructur
* A map for group members to indicate their location
* Language setting
* Wiki 

Extending the Individual 
In order to implement a useful group construct, it is also necessary to add some
extensions at the individual level -- both the personal profile and the individual project
webpage. Projects should be shareable in the name of a Company, and the webpage of
a Company-shared project should list the collaborators in addition to the name of the
company. Also, a project webpage should contain a list of all existing critiques of this 
project and the Critique Groups in which they were created (Figure 4). 

Companies Critique Groups Special Interests 

Happy Scratchers Tutorial Critique Group 
Hong Kong Educators’  


Harry Potter Sprite Co. Beginning Game Design 
Workshop

Save the Planet 

Gravity Games Publishing Periodicals 
Boston-Area Scratchers 

Figure 7. Example List of Userʼs Groups, by Category, for Personal Profile. 
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The personal profile should be extended to list a userʼs groups, by category (Figure
7), as well as the userʼs group-related honors such as admin leadership titles, critique
points earned, and company roles.

These extensions would help individual users to learn of new groups. Friendsʼ group
lists, status updates when they join or leave groups, project critique lists, and company-
shared projects would all be useful resources for finding out about groups. Beyond this
word-of-mouth approach, a hierarchical index of existing groups, organized by topic,
would be another essential extension to support Scratch Groups.
     Finally, how can individuals create new groups?  A “Create New Group” button can 
be added to the Scratch menu and/or a userʼs profile. When clicked, it would initiate the
group creation process, during which the user would be able to specify the type of group
as well as any configuration options that may be available, depending on the group
type. 

Final Reflections 
This design has focused around a conceptual distinction between three types of groups
intended to implement a group construct in Scratch: Company Groups, Critique Groups,
and Special Interest Groups. This distinction was made to serve as an exhaustive 
analysis of the categories of group usage purposes that would be most relevant to the
Scratch community.  However, further reflection suggests that it may be possible to 
integrate these three group types into a single, highly configurable group construct. For
example, a special interest group can contain version control and project sharing
options that make it also a company group, as well as a critique blog that makes it a
critique group associated with that niche interest. 
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MAS.714 Final Project Design Brief
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Background and Motivation: 

Over 25 years ago Seymour Papert wrote Mindstorms, a seminal book about 
the power of computers in education. In the book, Papert derives his ideas 
about complex systems from his early experiences as a child playing with 
gears. The differential gear became a focal point for Papert, something he 
terms a "transitional object," allowing him to bridge the sensory and the 
abstract, all the while thinking deeply about mathematical concepts. Papert 
writes in the preface that, while gears were magical to him, "[t]he computer 
is the Proteus of machines. [...] Because it can take on a thousand forms 
and can serve a thousand functions, it can appeal to a thousand tastes." 

Mindstorms was a huge success and generated excitement about how to 
envision computers in the classroom. In particular, the LOGO programming 
environment was one tangible product of the Mindstorms movement; 
through this application, complex mathematical concepts take on the form of 
a turtle. Instead of moving the turtle to X and Y coordinates on a grid, 
programmers drive the turtle first-hand with commands that allow actions 
such as moving forward 10 steps or turning right 30 degrees. The original 
LOGO turtle was a physical dome-shaped robot with a specialized box of 
buttons to control it. However, new considerations such as the need for 
scalability and mathematical precision led to a purely digital on-screen turtle 
that embodied the same command ideas and perspective-shift as the 
original drawing robot. 

Two children program the LOGO turtle 
to make a drawing. Image form the 
cover of Mindstorms. 

A student using a LOGO-based 
programming environment. Image from 
The Effective Use of Computers with 
Young Children by Douglas H. Clements. 

Photo removed due to copyright restrictions.

Diagram removed due to copyright restrictions.
See Fig. 12.2 at http://investigations.terc.edu/library/
bookpapers/effective_use.cfm.
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While these ideas are compelling, there is a significant disconnect between 
the magic that young Seymour Papert saw in a gear and the experience of 
manipulating a programming environment such as LOGO--Papert's gear was 
likely special to him in part because he was the one who chose it. Just 
because the computer "can appeal to a thousand tastes" doesn't mean that 
all children will fall in love with it. My personal experiences indicate quite 
the opposite. People often latch on to unique, ephemeral, and sentimental 
things--of which the computer may be only one. The OLPC project (see: 
http://www.olpc.com) may be an exception, since the organization's goal is 
for each student to have their own personal computer, but even then, the 
laptop is only one of several objects a given child may find inspiring. 

Scratch is a recent application developed to expose children to concepts of 
programing by graphically stacking computational blocks and controlling 
characters. Instead of a predefined turtle, users are able to use any image 
they like as their interactive, computational, drawing agent. Children 
themselves can identify what is important to them and include pictures and 
stories that reflect their interests. While there have been many similar 
programming-for-kids initiatives, Scratch was designed to encourage each 
component of Resnick's learning spiral: imagine, create, play, share, and 
reflect. 

Scratch running a program that paints patterns based on 
user-controlled sliders. 

Scratch fulfills its role as a learning tool, but there are still some 
shortcomings that need to be addressed. With the exception of the 
ScratchBoard (an input board allowing sounds, a push-button, a slider, and 
analog signals), there is nothing that strongly ties the Scratch programming 
environment together with the physical world. Comparing the structure of 
two Scratch project is also not explicitly supported--projects can be easily 
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extended, but finding differences and similarities is cumbersome. And 
finally, reflection is left as an exercise for the user that either happens by 
chance (for example, when another user asks a qeustion) or by a group 
facilitator. 

Diagram from Interaction Design Sketchbook by Bill

Verplank, describing Bruner's three representations.


LOGO and Scratch provide graphical characters as physical handles, but they 
are fundamentally limited by their graphical representation and generic 
grounding. Building upon Papert's gear, I suggest the juxtaposition of 
Jerome Bruner's idea of representations with transitions. Bruner describes 
three forms of representation (enactive, iconic, and symbolic), each of which 
informs the others and allows for moving smoothly between them. By 
combining these ideas, it follows that a system could somehow leverage the 
relationships with physical objects that children (and adults) already have 
and provide a bridge to higher-level symbolic and reflective thinking. 

Image removed due to copyright restrictions
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Approach: 

By allowing students to bring in objects that they already find interesting, a 
smooth transition can be made between the physical world and the powerful 
abstract thinking that computers allow. 

The key components of the designed systems should: 

• Integrate meaningful physical objects with the computer 

• Catalyze thinking with thought-provoking questions 

• Provide reference, analysis, and comparison tools 

• Foster internal motivation for deep thinking 

Additionally, the floor of the system should be low enough that students as 
young as third graders can make use of the platform. The look and feel 
should be somewhat formal, yet playful, to facilitate both a sense of deep 
thoughtfulness and inspired creativity. 
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Design: 

The Object Investigator system is built on top of the Trackmate platform: a 
device connected to the computer which is capable of scanning circular 
barcodes attached to various objects. 

Students can attach a unique barcode to each object they wish to track. 

An object selected to be used with the 
Object Investigator. 

Tag placed on the bottom of the object to 
be read by the scanning surface. 

Once a circular barcode is placed onto an object, it can be detected on the 
Trackmate scanning surface at any location. Information about each object 
on the table is then passed to the Object Investigator application where it 
can be processed. 

When a new object is placed, the Object Investigator notifies the user and 
requests their name and information about their object. Any information 
input into the application will be paired with the object's unique tag identifier 
and automatically saved for future sessions. 
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Three objects placed on the scanning surface of the Object 
Investigator system. 

The Object Investigator application is designed to facilitate seven different 
areas of thinking (via provoking questions) and accompany clubhouse 
workshops or classrooom lessons that discuss creative problem solving and 
invention. 

Each question is contained within a tab at the top of the application. If only 
one object is present on the scanning surface, the user is given a large 
space for text entry, and in some cases, limited-domain web browsing 
capabilities (such as online encyclopedias and patent search engines). 

However, when multiple objects are present on the surface at the same 
time, the application enters a comparison mode in which objects are 
spatially arranged on the screen similarly to their physically arrangement on 
the scanning surface. The grid of objects being compared scales 
dynamically between two and eight windows depending on the number of 
objects simultaneously present. 
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A screenshot from the Object Investigator. The When multiple objects are placed onto the 
"How" tab includes a box for text entry as well scanning surface, the information associated 
as a limited-domain web browser, shown here with each object is arranged to match their 
with access to http://en.wikipedia.org.. relative locations. 

Each tab represents an area of thinking and is provoked by a question. 

•	 What: Asks for a description of the object. This serves as a bridge to 
think of the object symbolically as words and to key off of the object's 
iconic characteristics. 

•	 Why: Asks why he or she chose his or her particular object. This 
encourages reflection about a previous decision and deeper thoughts 
regarding the object in question. 

•	 Who: Asks for a story about someone using the object. This is 
intended to be open-ended, but will likely include elements of social 
simulation, empathetic thinking, narration, or reflection. 

•	 How: Asks how the object works. This promotes both logical thinking 
about systems and reasoning about design choices made during the 
object's creation, by the child or someone else. 

•	 Where: Asks where the object came from. This contextualizes the 
object either in terms of the environment in which the object is 
typically used or its historical background. 

•	 When: Asks when the object works well, and when it breaks. This 
provokes analysis by applying both an optimistic and a critical lens to 
the object, as well as simulation of the object under extreme 
circumstances. 
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•	 Improve: Asks how the object could be improved. This facilitates 
creative problem-solving by considering all of the previous questions 
(and their answers) and synthesizing ideas to make the object better. 

The combination of these questions, a creative space to express thoughts, 
and a direct link between a student's meaningful physical object and the 
computer will hopefully increase reasoning skills, personal reflection, 
creative thinking, and an overall sense of empowerment. 
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Usage Scenario: 

Maura is a teacher in a third grade class of 24 students. In conjunction with 
a weekly series of lessons on invention, Maura asks each student to bring in 
a small object that he or she finds interesting and wants to improve upon. 
The students each place a small tag on their object so that it can be 
recognized by the Object Investigator system. 

When each student places his or her object on the scanning surface for the 
first time, a question box appears on the screen asking them what their 
name is and what object they have placed on the surface. Billy, one of the 
third grade students, places a toy racecar and answers the first two 
questions. From now on, anytime Billy places his object on the surface it will 
be recognized as "Billy's Racecar." 

Each week Maura introduces a new way to think about objects. She starts 
off with the "What" tab--most of the class finds describing the object pretty 
easy--and builds towards deeper questions of "Why" and "How." The 
students are encouraged to look at other sections and reflect on their 
previous thoughts to help them think about the question at-hand. Over the 
course of a few weeks Billy has described his racecar, reflected on why he 
chose it, written a story, reasoned about how racecars work, thought about 
the racecar's history, and analyzed when the racecar works best, as well as 
when it breaks. 

Finally, each student progresses to the "Improve" tab where they creatively 
synthesize ideas for how to make their object better. With Maura's weekly 
lessons on invention, most of the students are excited and internally 
motivated to invent a solution to their problems. Accompanying the 
"Improve" section is a limited-domain web browser that allows each student 
to perform patent searches and describe their ideas in detail. Many students 
feel empowered to solve bigger problems and apply their creative thinking 
beyond the schoolday. 

The students who do not share the same level of excitement about invention 
are instead encouraged to build narratives related to their objects; they can 
thus continue creative reflection and projection about their objects in a way 
that feels comfortable to them. 
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Evaluation: 

The evaluation of the Object Investigator has only reached pilot study 
observations. A small number of users (approximately 5) around the Media 
Lab were shown the system, given a few minutes to try it, and then asked 
questions about the experience. Responses regarding usability were folded 
back into the system as much as possible. 

Users reported the "coolness" of being able to link physical objects to 
information, but also noted that the interface felt a bit impersonal and lacked 
motivation for entering text. Images and drawing capabilities were 
suggested by many of the users as a way to add warmth and engagement. 
After these two features were prototyped, they were eventually removed 
because they distracted users' focus from abstract reflection about their 
objects. Admittedly, removing the drawing and imaging features may have 
been a mistake since they also served as a potential entry point to deeper 
symbolic thought. 

Users also commented that the supplemental internet content from external 
sources, such as Wikipedia and the U.S. Patent and Trademark Office, 
helped them to begin researching background information. Still, the non-
uniformity of pages--some tabs don't map to internet content, as no 
appropriate website was found--made some parts seem less interesting than 
others. 
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Future Work: 

One of the users in the evaluation noted that when working with a single 
object on the table, it would be helpful to see multiple tabs at once. In other 
words, focusing on the layout consistency for comparison between multiple 
objects, which originally led to the tab layout, became a design flaw when 
working with only one object. A proposed solution for future object 
investigation tools is to allow the user to view multiple questions 
simultaneously; the ability to freely choose would likely give the user a 
better sense of control. 

Another proposed change is to build a physical metaphor into the graphical 
interface. For example, each object could be associated with a set of digital 
cards. Because the size of a stack of cards can be easily changed, the child 
could add more cards as they begin to explore deeper questions or consider 
the possibility of multiple perspectives over time. 

The Object Investigator is not classroom-ready yet, but with additional 
prototyping and testing an object-based investigation system may be on the 
horizon. If any object could carry with it stories, ideas, and references, how 
might young minds use their own transitional objects to unlock new ways of 
thinking about the world? 
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Reflection via Communication in Scratch


Reflective practice is an essential component to the development

and maturity of practitioners in a given field. In the Scratch 

online community, users share, remix, and comment on the Scratch

projects of other members in the community. This rich interaction

helps children as they move along the creative spiral of imagine-

create-play-share-reflect (Resnick 2007). However, as the current 

Scratch website is implemented, there is not a structured way for

children to reflect on the process. The key question for the

design project was the following: what kind of environment can 

and should be created to foster the communication between members 

of a community about the process of creating their artifacts?

Literature and theory on youth interaction with social networking

sites and reflective practice was considered to frame the study.

The author observed current practices and behaviors within the 

Scratch community. Other successful social networking websites

and paradigms were investigated. Interactive web mockups were

created to envision future Scratch user profile and Scratch

project pages. Scratch projects were submitted showing user 

scenarios to bring attention to the community the importance of

communication and reflection. Users of the community have begun

to respond with their own thoughts. Advantages and disadvantages

have been considered for such possible new features. The author 

hopes that this will serve a foundation for the Scratch

Development Team if and when they decide to implement such new

features.
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I. Introduction


The current Scratch website creates opportunities for members of

the Scratch community to interact with each other about their 

Scratch projects and creation-experience. However, there can be 

improvements made to the current infrastructure to allow members

to more readily communicate with each other and express

themselves. The notion of reflective practice is an important 

idea to try to foster. Without taking the time to step back and

consider one's process, it is difficult to improve one's skills.

Currently, within the community, members comment and critique

upon each other's projects. The goal of this design project is to 

provide opportunities for a given member to broadcast to the

community their thoughts, feelings, and ideas about the process.

When Scratch-ers are given a chance to reflect, then the imagine-

create-play-share-reflect cycle is complete.
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II. Initial Observations


First, I looked at how Scratch-ers interacted and communicated 

with each other with the given website and infrastructure. I will

highlight some examples.


Repetitive comments in posts:


Often, I found in a comment thread, many users asking the 

particular Scratch member the same question over and over again.

In this particular example, Bobby500 is asked multiple times

whether or not others can use his sprites. Let's assume that he

is fine with anyone using his sprites. It would be good to have a 

place where Bobby500 can give everyone permission to use his

sprites. The example can be applied to instances where viewers of

the project ask about how to do a certain task shown in the

project.


Creation of review projects/blogs:


Many members have solicited from the community projects which 

they can review. For instance, Tanner-FBI and Archmage have setup

their own blogs off the Scratch website to give tutorials and

make reviews. Others, such as ToughCritic, have setup an account

dedicated to the reviewing of blogs. The existence of these 

reviews show the desire for members to want to think about others 

projects. Are there ways in which a user can talk about his or

her own work, broadcasting to the Scratch community the status of

current work?
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The current Scratch website actually includes a means by which

users can comment on each project. This is via the "Project

Notes". However, this is usually used for instructions for how to

play the game and rarely used for talking about the experience of 

making the game. This observation motivated the idea to create

simple scaffolding to guide users towards thinking about their

process.
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III. Theory, Frameworks, and Existing Practices


Theory on youth and social networking sites


The work of danah boyd presents a framework for understanding how 

youth realize their identities and relationships within the

context of social networking online websites (boyd 2007). She 

presents 4 basic characteristics unique to online communities:

persistence, searchability, replicability, invisible audiences. 

All these factors should be considered if and when Scratch 

becomes more and more like existing social networking websites.

If deep understanding is desired, perhaps at the next Scratch

meetup or event, the Scratch Development Team (SDT) can ask for 

volunteers to interview about how they interact with "friends"

via Scratch. At the very least, the SDT should read boyd's work

to become familiar with the dynamics of social networking

websites [boyd]. Although it is impossible to predict what 

emergent behavior and consequences will appear after a new

feature is implemented, a conscientious effort should be put

forth to anticipate possible effects.


Current features on Scratch


One could make the case that the Scratch website and community 

has become a sort of social networking website, with limited

features. Users are discouraged from revealing personal

information, such as email address and real names. However, upon

observation, one can quickly see the social aspects of Scratch 

communication. Comments will talk about more personal things,

such as how a person's day has been. Members will make projects

just to let the Scratch world know that they will be away from

the community for a few days. Unfortunately, there have been

instances of cyber bullying. On the other hand, members have 

rallied around this cause and created projects to advocate for

the stopping of such practices.


Communication issues and concerns


Users have asked for simple communication features, such as

instant messaging and personalized inboxes. While this might make 

communicating better for the purposes of collaboration and

finding out what others are doing in real time, allowing such

features in this environment creates many undesirable risks.

Currently, all communication within Scratch is open to the 

public. A flagging system is in place for members of the

community to let the Scratch Team know when inappropriate content

has been placed in projects, comments and tags. This system works

well but does not prevent inappropriate content from being seen 

when it is initially submitted.
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There lies a balance between the freedom and privilege to see

content instantly uploaded and the protection of users,

especially younger children. For the novice, it is empowering to

see that your creation is highlighted on the front page 

momentarily for the world to see. However, others can use this

for improper uses.


All communication is currently open to the public. There is a

strong danger in allowing any sort of private communication. If 

cyber-bullying occurs with open communication, how much more 

would it happen with closed communication. It would then be more

difficult to monitor.


Synchronous communication could be advantageous for the

collaborative aspects of the Scratch experience. Embodiments such 

as chat, however, will most likely degenerate into just a place

to chat, not necessarily about Scratch-related topics. Already, 

forum posts, a place of asynchronous communication, have been a

location for un-Scratch-related topics.


Existing communication paradigms for social networking


In terms of existing social networking paradigms, I considered

facebook and twitter. Facebook has a friend feed which allows one 

to see what one's friends have put as their latest status and

also what content they have published to their profiles. Can we 

create a system such that Scratch members can let others know

what is going on in their "Scratch lives" whether it is a status

updated or new posted projects? Also, twitter provides 140

characters for a user to express what he is currently doing. With 

open-ended input, can we encourage conversation that is relevant 

to the Scratch experience?
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Reflective Framework


A reflective practice cannot only be the act of a user thinking

about his or her own process. In addition, the user can engage 

with peers and mentors to help them improve their skills. Here,

the focus is on how an individual can think about the creation 

process. A framework for thinking about reflection is presented

here. There are three types and associated degrees of reflection:


• effort: active vs. passive 
• subject: low-level implementation vs. high-level goals 
• time: before, during, after 

Effort: How much effort does it take for the practitioner to

reflect? An example of active reflection is thinking about and 

responding to a set of questions about the process. An example of

passive reflection is having a system automatically capture the

process, whether it is the sequence of programming moves within

the Scratch program or the actions of the practitioner as he is 

at the computer.


Subject: What is the practitioner reflecting about? He could

thinking about the actual programming and low-level manipulation 

of blocks, to try to get certain behavior in the program. Also,

he could be thinking about high-level goals and what he 

ultimately wants to achieve in the project.


Time: When is the practitioner reflection? He could take the time

beforehand to plan out his goals or just think about what he

wants from the project. He could be struggling throughout the 

process of creating the project. Finally, he could think about

what he has just accomplished and what lessons he has learned

from the experience.
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Guiding questions


Specifically for this design project, four questions were in

focus to create scaffolding for reflection:


• What are my friends doing? (and conversely what do my friends
know about what I am doing?) 

• What do I want to do next? 
• What am I struggling with? 
• How do I feel about what I did? 
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IV. Implementation


Possible strategies for deployment


Testing and implementation of these features can happen at two 

scales. In the short-term scale, new features would be created 

that try to minimize the deviation from current practices.

Something as simple as the visual and graphic design of the

website should be maintained as users have been accustomed to the 

visual environment. At this scale, awareness is brought by using

current features or only incrementally changing the environment.


At the long-term scale, new features can be seen as future-

looking or as visions. In order not to disturb the current 

Scratch website, features could be tested off the Scratch

website. Constraints are fewer and the SDT along with the

community can imagine possible new features.


Incentives and Citizenship


Another question for deployment and rolling out features is who 

is privileged to first adopt these features. If you only allow a

subset of the community these features, how do you determine the

members of that select group? Amazon and Yelp have existing

systems that reward members for "citizenship" within the 

community, meaning that they engage in the relevant behaviors

that develop the community. What would be the traits of a

"Scratch Citizen"? How would this be assessed? By the community

members (Amazon model)? By the Scratch Team (Yelp model)? A 

mixture?


Deliverables


In the end, I created modified HTML/CSS mockups to show how new

features would look in the context of the current Scratch 

website. I modified the Scratch user profile page and the Scratch

project page. Each new feature corresponds to the reflection 

questions mentioned in the previous section.
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User Profile Page


First, an optional dropdown status menu was created to show one

of four possible states, [user] _____:


• is thinking about what to do next 
• is working 
• needs help 
• posted a new project 

Then, this status would show up in a "Friend Feed" where selected

friends' status would show be shown. Next, there was a "64

Characters" box that allows an open-ended expression of what 

specifically a user is doing. This has a "flag" option in case 

the content is in appropriate. Finally, "Friends' New Projects"

are highlighted in the middle to see the stream of latest

projects from contacts.
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Project Page


First, a reminder is added in the "Add a Comment" box: "look at

the FAQs before adding a comment". The "FAQs", or Frequently 

Asked Questions, box sits below the existing project notes and

allows the member to add and answer questions which are being

asked by many commenters. Below the "FAQs" is a "Reflections"

box. Set questions are part of the template:


• What were your motivations? 
• What struggles did you have? 
• What have you learned from this? 
• Other thoughts? 
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Scratch screen-cast project


After creating the mockups, I created accompanying Scratch

projects that was a screen-cast that walked through the use of 

these fictitious pages. I spoke as if I was a user logging on to

my profile page or viewing the project page of a new submitted

project of mine. The goal was to give the audience a clearer

depiction of how such features would be used.
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Feedback via comments and forums


Initial feedback has been gathered via the forums and comments. I

expected greater use of the forums, but apparently that is not

practiced by the majority of the community. The more effective

means has been through responding to people's comments on my 

Scratch project that has a screen cast. I have encouraged users

to submit their own projects highlighting what they would want. I

told them that the HTML/CSS edits are not difficult to learn, but 

realistic-looking mockups are not the important part. The key is 

to enter into the conversation about features with respect to

communication and reflection and to think about the consequences

of new features.
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V. Discussion


What is the core mission for Scratch and the Scratch website?


While the Scratch website could be improved in terms of

organizing content and allowing more channels of communication,

one has to step back and ask what the point of the Scratch

website is. Much of the Scratch program is built upon principles 

of constructionism and the use of computers in creating content

versus just accessing content. If features are added that make

the website more like a social networking website but at the same

time, possibly empowers members to mature in their practice, are 

these new features worth it?


Not only is learning achieved through the creation, tinkering,

and manipulation of projects, but it is also situated in a social

context. To what extent should the Scratch website support the

social aspects? A vital part of the experience in become a better 

Scratch-er is the interaction with other members of the 

community, whether through formal means such as critique groups

or more informal means such as shared interests.


If additional features are added which make Scratch more like a 

social networking website but at the same time gives more

opportunity for reflection, where should the line be drawn?


Even if the SDT comes to a point that they agree upon the need

for a particular change, they must consider whether or not people 

will want to adopt a new practice. Many of the aforementioned

behaviors in the existing Scratch community were emergent and

unexpected. No sort of user testing can predict what consequences 

will occur when new features are presented. In the end, 

consideration must be taken about how features will play out

given the social networking environment and existing practices

within Scratch.


Minimal features necessitates creativity


From the initial observations section, one can see that the 

limiting features necessitates or fosters ingenuity on the part 

of Scratch members. For instance, because there is not a place

for members to write at length about projects or to give

tutorials in text format, they found their own solutions. While

some of the solutions which members have taken might not be most 

ideal, they have learned to "figure out" a stuck situation. Also,

members help each other in leading by example of these emerging

practices.


Being able to improvise, then, might be a skill that Scratch

users can gain as they encounter road blocks. The question still 

remains, how much should the Scratch infrastructure support this 


     Technologies for Creative Learning | Fall 2008 | 14


www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

54
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



sort of communication? While learning by struggling can be

valuable, sometimes too much effort is put forth and time then

wasted. Instead of focusing on making projects and reflecting 

about the process, a member might get bogged down in finding his

or her own solution.


Motivation for adoption of new practices


Adoption of new practices within a community is difficult to

motivate. At a basic level, users have certain habits for how 

they use the website. Once users in a community are used to

certain practices, it is hard to change some element that will

satisfy all the users. There have been instances in online

networks, such as Facebook, where changes, major and minor, have 

been made that cause an uproar within a subset of the community.

At a higher level, taking the time out of the creation process to

reflect may be a foreign idea to many Scratch members. Care must

be taken to think through the pros and cons of a given design 

change.


As it has begun with this design project, I hope to bring

awareness to the community about reflective practice while they

make Scratch projects. I want members to think about and discuss

both reflection and consideration of new features. For instance, 

there have already been responses to my projects that simply ask

for private communication. My response is that cyber-bullying 

becomes much easier. Their response in turn, is that they did not

think about that.


The notion of being "popular" is common throughout the Scratch

community. Whether this has a positive or negative connotation,

new users surely look to more experienced and well-viewed members 

as role models for their Scratch lives. Regardless of the

implementation of new features, if the idea of reflection, even 

in the smallest bit, can be developed, hopefully adoption of new

features will be built from bottom-up.
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VI. Conclusions


Summary


Based on observations of the Scratch community and consideration

of existing research efforts within the Lifelong Kindergarten 

group, I proposed a set of new features for the Scratch user

profile page and the project page. These were framed with the 

goal of promoting a reflective practice in the community. Actual 

mockups were presented to the Scratch community and Scratch 

projects presented user scenarios for the use of these features.

Dialogue about these features has begun in the community. Also,

discussion about the advantages and disadvantages of features has

been presented.  When the Scratch Team is ready to think about

new features, this design brief can serve as a starting point.
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"An idea or product that deserves the label 'creative' arises from the synergy of many 
sources and not only from the mind of a single person" 

(Csikszentmihalyi, 1996) 

Despite technological improvements in network and increased availability of computers, 
the predominant paradigm in creative environments designed for children today remains 
that of the one-child-one-computer single interaction. The Internet allows communication 
with distant corner of the globe, and yet nearly all creative activity a child can do with a 
computer remains limited to the single-user. At the same time, with society's increasing 
tendency to migrate out to suburbs, children are increasingly isolated in the physical world 
as well. This unfortunately derives a child of innumerable learning opportunities, not the 
least of which is that creative work necessarily arises from the synergy of many sources. In 
the same manner as paintbrushes and LEGO bricks lead a child to think in different and 
creative ways, likewise the computer today is the perfect host of a truly empowering digital 
medium that challenges children not only to create an unlimited variety of objects, but also 
to create in infinitely different ways. 

In this paper, I would like to propose a set of design guidelines for a digital medium that 
takes a decentralized, low-floor-high-ceiling-wide-walls, constructionist approach to 
enabling synchronous collaborative creativity. I begin by reviewing the benefits of 
collaborative learning, particularly when it is applied to creative work, and the requirements 
for enabling social learning. Next, I explain the necessity of a decentralized approach to 
enabling children's existing collaboration methodologies, and review existing approaches to 
synchronous collaboration both suited and unsuited to facilitating children's creativity. I 
then identify specific design challenges of synchronous collaborative software systems and 
list guidelines for designing the user interface. Based on these analyses, I propose a design 
for the Scratch platform developed at the MIT Media Lab, as well as a corresponding use 
scenario demonstrating how the design and use addresses the requirements of each of the 
three levels previously mentioned: social, programmatic, and interface. Finally I discuss 
implications for further work in designing environments to support synchronous 
collaborative creativity for children. 

Social Learning: Transcending Distance 

There exist numerous theories on roles of technology that support social learning, by 
which I mean learning through interaction with peers. Amongst them include leveraging 
distributed intelligence, allowing personal reflection though interaction with different people 
of different backgrounds, acting as a boundary object across different communities (Fischer, 
2007). There has also been much attention to contemporary society's need to regain social 
capital, in the sense of mutual reciprocity, the resolution of dilemmas of collective action, 
and the broadening of social identities (Putnam, 1995). Through interacting with peers, 
children also learn the skills of communication, negotiation, critical thinking, organization, 
etc. that are critical to being an adult citizen in society. In short, much can be gained from 
interaction with people from outside of one's immediate physical space and immediate 
community. 

In addition, collaboration and interaction with others opens access to inspiring ideas and 
empowering skills that leads to new dimensions of thinking and creativity. All of this would 
be even more effective if students had the opportunity to interact with each other from 
across distant communities and participate in learning activities with each other. In today's 
Internet age, there are no longer technological limitations, and yet the power of technology 
is still unharnessed. Today's Internet affords the largest source of information and 
knowledge in the world, enabling a new demand-pull approach to learning (Brown, 2008). 
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Instead of the traditional supply-push "spoon feeding" model of learning the Internet now 
enables passion-based learning, where the student, motivated by either wanting to become 
a part of a particular community or just want to learn how to perform something, can find 
the resources to do so; except, the most precious resource of all, people, can only be 
reached in limited ways. Children in society today need a digital medium which affords: 

• intimate interaction with people across distances physical or social 
• actively learning from, and sharing knowledge with, other people 
• self-organization, self-mediation, and freedom of decision about creative content 
• easy linkage and integration with the rich multimedia resources of the Internet 

Defining Collaboration: Methodologies and Paintbrushes 

To investigate how to design a digital medium that leverages the unique affordances of 
the Internet to promote collaboration, we must first clarify the specific type of collaboration 
we seek to address, and identify examples of successful traditional media that enable this 
type of collaboration to use as our guide. Collaboration could fall on a spectrum along two 
dimensions of interactivity between peers and synchronicity (Figure. 1). Much work has 
already been achieved in asynchronous collaboration on creative work, ranging from posting 
of critiques messages in Internet forum (e.g. http://forums.cgsociety.org/), posting 
resources to an open-access repository (e.g. http://resources.scratchr.org/), in creating 
interactive objects individually to participate in a virtual world (Bruckman, 1997), but what 
is truly missing in the picture is the ability to interact through a digital medium and co-
create an expressive work in real-time. 

Figure. 1. Different types of collaboration, mapped to the two axes of interactivity and 
synchronicity. 
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Synchronous collaboration is a unique and special task that has many requirements. To 
be truly successful, the digital medium must allow the full range of possible interactions: 
including observation, resource-sharing, knowledge-sharing, coordinated action, problem-
solving, decision-making, etc. 

We take as our models two successful external play objects for kids that are established 
creative media: paintbrushes and LEGO bricks. These two objects have not only passed the 
test of time and continues to be two of the most popular creative playthings for children, 
but as testament to their successful design, are a creative medium that continues to be 
chosen by people of all ages. Both the paintbrush and LEGO bricks possess the qualities of 
"low floor, high ceiling, and wide walls" (Papert, 1980). This refers to the fact that both 
media are easy to pick up, allowing everyone to participate; they can be used to make 
highly technically-challenging works, be it professional painting or a life-size LEGO 
submarine model; and they enable a variety of uses they might not have necessarily been 
designed for. 

When talking about supporting collaboration with computers, conferencing systems and 
shared whiteboard applications quickly come to mind. However, these do not enable the full 
range of activity. Many restrict turn-taking to maintain group order and to ensure a certain 
level of awareness amongst participants of each others' likely activities (Dourish 92). 
Certainly this is detrimental to creativity. The birth of many of the most creative ideas have 
been individuals jumping out of turn or taking on a perspective outside of their usual role. 
In the case of a group of children sharing a tub of LEGO bricks, or a set of paints, talking to 
each other and signaling their intentions as they work, we can see that instead of 
centralized restrictions, group moderation can be achieved by taking a decentralized 
approach. Rather than limiting users' actions, creative digital media should be thorough in 
supporting the collaborators' self-mediation through social negotiation. Other examples of 
technology support for creativity take the approach of developing different functionalities (in 
essence restricting some functionalities) in cases of collaborative work in the adult world 
(Repenning, 1995). In these cases there are specific deliverables for the collaborative 
activity, and participators have specific roles. Likewise this is restrictive, and it also 
unnecessarily enforces a strict hierarchy amongst participators, both of which are 
undesirable for children's creative work. In the cases where role designation is necessary 
among a group of children, the authority should by socially determined and agreed upon by 
the participants. In addition to this being a more sustainable way of ensuring order and 
satisfaction, it also gives children the chance to acquire the skills that will make them a 
citizen of society. 

Also, we see that given a healthy group dynamics (and I address this issue towards the 
end of this paper), children are perfectly capable of longer-term self-organizing and self-
mediation (Bruckman, 2007). Amongst the many evidence of successful self-organization of 
kids can be found in the Scratch community (Aragon, 2008). One example is a group of 15 
participants, self-titled the “Green Bear Group” that was founded by three children, ages 8, 
13 and 15. The group members pooled together their skills to create video games by first 
voting on which games to develop, and then each member has a specific skill, such as art, 
music, programming, or storytelling, which they contribute to the game by downloading an 
unfinished version, editing the program, and re-uploading a new version. "The active 
participants in Green Bear Group have, for the most part, never met one another, live in 
different time zones, and do not even know each other’s real names." (ibid.) 

Thus, I summarize the implications for design: 
•	 maximize the medium's affordance for each individual’s creative expression and 

active participation, while minimizing the threshold of entry to become a participator 
•	 maintain overall quality by enforcing a minimal set of community standards and 

allowing users high degrees of autonomy for discussion, input, and negotiation 
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•	 children are more intelligent and more creative than is often assumed, and can 
achieve great things if given a supportive environment to do so 

Design Guidelines: User Interface 

There exist a number of challenges which are important for all forms of collaboration but 
absolutely fundamental for a decentralized and low-floor-high-ceiling-wide-walls approach 
collaboration. These include questions such as: 

•	 how to ensure that users do not step over each other's toes while working? 
•	 how ensure users to feel comfortable creating personal work under public scrutiny? 
•	 how to enable effective communication with to peers the user cannot see or does 

not even necessarily know? 
•	 with new and additional models of working, how to enable the user(s) to transition 

seamlessly amongst them? 
These issues are intertwined and heavily based in trust, since a prerequisite to working 

comfortably is the knowledge that your peers will not interfere with your work without your 
permission. Communication is also necessarily the source of awareness, which in turn 
mediates social control. However, for ease of discussion, here I address them as four 
challenges: territoriality, communication, control/awareness, and transition. 

Humans are fundamentally spatial animals, but in general the use of space is 
subconscious. Thus the designer must study behavioral patterns, but ultimately the spaces 
they design must allow people to determine the usage protocol for themselves. For the 
case of synchronous collaboration, many studies of the usage patterns of physical spaces 
can be applied to people's use of digital spaces. Studies of workspaces have revealed that 
people feel comfortable creating when they have a sense of place, which does not 
necessarily have to be directly mapped to the characteristics (such as size) of the space 
(Harrison, 1996). Also, an empirical study on the use of traditional shared table-top 
workspaces shows that usage patterns cleared indicated that there are three types of table-
top territories: personal, group, and storage (Scott, 2003). These spaces were not explicitly 
designated, but collaborators felt more comfortable having the choice to first privately 
sketch out initial ideas, and perhaps test them, before presenting them to the shared 
"group" space for evaluation and discussion. 

These studies also noted that in traditional tabletop collaboration, ownership of the 
tabletop objects was usually mitigated through social protocol and not physical restrictions, 
in the same way that children share a tub of LEGO bricks. However, many of these subtle 
turn-taking and permission-granting signals in a face-to-face scenario are lost in the 
transfer to a virtual workspaces. Thus it is necessary to indicate as much as possible, 
through passive displays, the activity and intents of the users, in order to enable users to 
coordinate their actions effectively. For this we can take inspiration from other online 
synchronous communication tools, such as AOL's instant messaging client. Users can 
describe their current status, but also the client program automatically detects when a user 
has been away from the computer, or is currently typing in the chat window, or is busy with 
another application on the computer. 

In the case of a programming environment, another similar programmable virtual 
environment for children (Jackman, 2006) that implemented a collaborative version 
identified three distinct spaces within the environment: the student-shared code space, the 
global run-time space, and the mentor-space in which teachers could assist students. The 
spatial divisions in the case of a creative digital medium intended for use outside of a school 
context might be different, but also possess separate spaces within the collaboration 
methodologies, each of which will require support from the software in order to ensure a 
smooth work flow. These include enabling the sharing of objects, transitioning between 
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activities, between personal and group work, and between the collaboration and external 
work (e.g. pulling a reference book from the bookshelf next to the computer). 

Thus we propose the following guidelines for a collaborative creative user interface taking 
a low-floor-high-ceiling-wide-walls approach: 

•	 enable both public and private spaces for work but being aware that overuse of 
private spaces can hinder group transparency and interpersonal interaction 

•	 show environmental indicators of the activity of all users at all times in a way that 
would enable trust and comfort, and not interfere with the creative task 

•	 enable all forms of communication, and support communication about the work. Try 
to reproduce digital forms of real-world communication channels such as body 
language 

•	 allow seamless transition between all manner of work spaces, coding, executing, 
etc., and including to workspaces and resources external to the environment 

Design Proposal: A Collaborative Scratch 

Scratch (http://scratch.mit.edu), often referred to as a new programming language for 
kids, was developed by the Lifelong Kindergarten Research Group at the MIT Media Lab. 
Scratch enables children to create not only games but also interactive stories, animations, 
music, and art (Resnick, 2003). Scratch takes the approach of “tinkerability", referring to 
the ease by which children could playfully put together fragments of computer programs, try 
them out, take them apart, and recombine. The choice to apply the guidelines outlined 
above to the Scratch platform was based on a number of reasons: 

First, the design of Scratch is firmly based upon the constructivist approach, such that it 
comprises a solid set of well-designed and well-used tools which already fulfill the principles 
of low-floor-high-ceiling-wide-walls, at least in the single-user scenario. 

Secondly, Scratch already has a dedicated and enthusiastic user base (referred to as 
Scratchrs), many of whom, especially experienced users, are actively interested in 
discussing the design of new functionalities. 

Last but not least, Scratch is not simply a programming language -- the word Scratch 
equally refers to the web community, where Scratchrs already engage in significant levels of 
collaboration such as knowledge sharing, "freelancing", remixing, and organization. These 
are indicators that the community is ready for synchronous collaboration. 
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Figure. 2. Full screenshot of the user interface of the proposed collaborative version of 
Scratch. 

The design screenshot (Figure.2) shows all three sections of the proposed user interface. 
The communication interface is located on the top left, the code/scripting area on the 
bottom left, and the canvas, or "stage" on the right-hand side of the screen. Below I 
describe the design of each section in detail. 
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Figure. 3. Detail of the proposed chat interface. 

To enable multiple channels of communication, and to consider possible equipment 
limitations, both a voice-chat and text-chat functionality were added (Figure.3). The text-
chat functionalities are more or less consistent with common instant message protocols. To 
the left is the chat transcript, showing user names, message time, message content, as well 
as expressive elements such as emoticons. An additional feature unique to the environment 
is the ability to also drag blocks of code into the chat box, and literally "speak code". The 
intention is to enable users to discuss code more effectively by being able to accurately 
refer to specific blocks, or even segments of code that comprise multiple blocks. 

On the right is the user representation space, or the presence box, in contrast to the chat 
box. Here displays is a small image as the user's avatar, the user's name, and color 
assignment which is used universally in the workspace to indicate the user's actions 
whenever possible. Underneath the user name is a status message which will automatically 
show which part of the many workspaces (chat, coding, stage, paint, external, etc.) the 
user is working in. The colored blocks underneath the user name indicate voice levels and 
availability of voice chat. Thus, if a user does not have audio output on the computer they 
are working on, they will be aware that voice communication is going on, even if they 
cannot hear it. Each of these indicators are meant to increase users' awareness of each 
other and thus promote group cohesion. 
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Figure. 4. The script (code) workspace. 

Additional indicators of activity are located in the various workspaces (Figure.4), in this 
case showing direct mapping of user activity and space, rather than a remote indicator 
describing the space. To the right, the sprites in the library are highlighted with a colored 
halo according to the color of the user currently using the sprite. As the middle sprite 
example shows, multiple users can access one sprite at the same time. 

As a sprite is selected (and one user can only select one at one time), the code 
accompanying the sprite will display in the user's code space. There is only one code space, 
but the user can switch between any of the sprites by simply selecting them. To ensure 
that users will see the same space, if the space belongs to the group, code layouts will be 
synchronized across different users. That is, if two different users look at the same sprite, 
they will see exactly the same code space except for camera characteristics such as pan and 
zoom. 
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Figure. 5. The dual private-and-public stage workspaces. 

Finally (Figure.5) shows the dual private-and-public workspaces. This enables an 
individual to be able to create sprites in his/her private workspace, test it out, and revise it 
before added it to the group project, which exists in the group space. Drag-and-drop as 
well as copy-and-paste functionalities are valid both across private and shared stages, as 
well as the libraries, the code space, and the chat interface. 

Use Scenarios: A Session of Elm Tree Production Company 

Here I imagine the scenario of a "company" within the Scratch community, comprised of 
four friends who have arranged to meet together at a fixed time to make a narrative project 
through the collaborative Scratch environment. 
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Sally and Henry Johnson are siblings. Henry is the older one. Henry used to go to school 
with Eric, so that's how Henry and Sally know him, but they've never met Eric's friend Bob, 
although they know him on the Scratch website. Eric met Bob through summer camp, so 
Bob actually lives across the country from the other three members of the group. They join 
up in the collaborative Scratch environment, and they wait until they see in the presence 
box that everyone connected successfully. Next they test out the voice chat and confirm 
that everyone can both speak and hear each other. They are all set to start working. 

The reason for today's get-together was that two days ago they had chatted over IM and 
all gotten really excited about making a story that incorporated Harry Potter-style magic 
and Transformers. They decided upon a basic storyline at that point and decided to work 
together today. 

As a first scenario, we can imagine that, as with any other field that has a culture and 
also enables simultaneous participation, situated learning (Brown, 1989) and a mentor-
apprenticeship model of interaction is now possible. The voice chat, and ability to share the 
paint editor of any global sprite enables a novice coder to observe the creative process of a 
more experienced Scratchr, and the private space of a canvas enables a novice to feel 
comfortable testing things out before bringing them to the table. 

Sally is a newcomer to Scratch who has made a few basic projects of her own, but she 
feels inexperienced in drawing sprites of her own. Eric had told her earlier that Bob is really 
good at drawing (Bob's projects have been features on the front page of the web site a 
number of times) and indicated that Bob is willing to show her how he does his work. After 
everyone is connected, Bob goes ahead and drops the default Scratch cat sprite on the 
shared stage so Sally can see it. He tells Sally to look at the cat's first costume. Sally also 
clicks on the Scratch cat and opens up the appropriate costume. Here she see the pencil 
tool, controlled by Bob (as indicated by the appropriately-colored halo) and she watches at 
he edits the cat. The two of them agree to give the cat a car, so Bob shows how to draw a 
car on the cat. She asks him questions about using different pencil sizes through voice-chat 
as he is working. 

After the car demonstration, Bob asks Sally what she wants to draw and offers to guide 
her through it. Since for the narrative Sally had decided that the main character would be a 
flying hippopotamus fairy, she wanted to work on that. Sally doesn't really feel like she 
wants Bob to watch her though, so she arranges with him to let her work on it on her own 
stage while the boys make the background for the story, and then they can change it 
together once she drags it from her local sprite library to the shared sprite library. 

In another scenario, the shared chat interface and shared coding environment enables 
discussion of coding and knowledge sharing. 

Later on, Bob is stuck on coding the Mr. Bear sprite on the shared stage, trying to get it 
to jump over the rubble sprite. He asks his question, and Henry says that he could use 
position-x and -y blocks. However, Henry was talking too fast and the voice chat sounded 
fuzzy, so Bob didn't understand. He asks Henry to clarify. Henry says, "I'll put the ones I'm 
talking about in the chat." In everyone's chat transcript, soon enough a message says 
"Henry: 2:34 PM: [block] [block]". Bob drags those two blocks from the chat transcript 
down to his code space, effectively duplicating them, and inserts it in what he thinks are the 
appropriate places in his code. He then tries to execute his code segment, but it turns out 
that Mr. Bear falls off the stage and disappears instead. Once again he calls for help and 
this time Eric comes to the rescue (Henry started coding the stage background swap 
function and thus was slower to respond). Eric pulls up the very same Mr. Bear sprite by 
selecting it in the shared sprite library. He makes the Bear reappear but using some 
position blocks, and then he looks at Bob's code. He finds the issue: "You just accidentally 
put the x-position and the y-position backwards, that's all," he tells Bob. 
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At other phases of collaboration where users must work closely together to solve a 
greater problem, the environment enables responsive, communicative discussion, as well as 
a shared workspace. 

Henry and Eric have started working on the hardest part of the code. At this point in the 
story they wanted to insert a little mini-game, so the audience must to control the 
hippopotamus, and dodge a number of fireballs to get to the next stage of the story. 
Problem is, the way the fireball falls will depend on both the number the hippo has dodged 
at the time, as well as how the audience scored in another mini-game earlier in the 
narrative. They hadn't really figured out how they would do it, but they decided that it will 
be faster if they each take one half of the job, so Henry will try to calculate how the fireball 
will fall given the number the hippo has dodged, while Eric will incorporate the audience's 
score in the the fireball path. They both open the fireball sprite on the global stage and 
start a attaching a group of blocks. They consult each other on the integration of the 
fireball's path and speed and location as they work. Eventually, however, they find that 
their path and speed scripts work independently, but doesn't work the way they want it to 
when they combine the scripts, which is what they ultimately need to do. 

Eric decides to try out something first, "Ok, hang on. Leave that there so we don't lose it 
and let me try something on my stage first." He drags the shared fireball sprite down to his 
own stage, and Henry can see in his presence box that Eric is now active in his local stage. 
After a slight pause Henry hears from him, "Ah, okay I get it now. I should use the distance 
block instead." Soon his colored halo marker is back on the same fireball sprite as Henry. 
Henry watches as Eric rearranges the code, and voila, it does indeed work. 

Finally, the collaborative environment would also enable users to write scripts on the fly, 
and create interactive objects that interact with the other players' creations. This type of 
play prompts quick thinking, quick problem-solving, and rewards creative and fun solutions. 

After the Johnsons have left, the file has been uploaded, and the job is done, Bob and 
Eric decide to have a little fun. 

"Mr. Bear is going to eat the flying hippo~", Eric taunts. He very quickly draws a new 
costume for Mr. Bear with vampire teeth, and adjusts the scripts to that the Mr. Bear sprite 
is now in an infinite loop, stuck chasing the hippopotamus sprite. Eric starts dragging the 
hippopotamus sprite all around the stage, and Bob comes to the hippo's rescue. He imports 
a rocket launcher sprite he had made for an earlier project, and adjusts the hippo's script so 
that whenever Mr. Bear gets too close to him, the rocket launcher will change costume to 
show a trail of flame in the direction of Mr. Bear... 

Future Work: Affordances and the Ecosystem 

There are still many directions regarding functionality design which are unexplored here. 
The first direction concerns further developing the internal affordances of the environment. 
The second direction looks outward to the ecosystem in which such a creative platform 
might be implemented, with attention to integrating it with the rest of the Scratch 
ecosystem. 

One limitation of the affordances of the current design is that the usage of tools within 
the environment remains unchanged from the single-user paradigm. When paintbrushes in 
the physical world are mixed together, the additional variable of another person and 
another paintbrush yields unexpected possibilities. In the digital medium, analogous new 
blocks or new special multi-user effects would encourage collaborative experimentation and 
most likely enhance the collaboration experience. The current design guidelines also do not 
account for different individual learning styles. For example, if one considers the two classic 
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learning styles of tinkerer versus planner, planners might wish for a way to take notes for 
creative decisions made jointly by the group. Extending the use scenario, this could take 
the form of a shared note-taking space where a list of scenes and quick descriptions could 
remind everyone of the decided order of a narrative project. 

Additionally, a few chances to observe children actually at work in Scratch proves that 
group dynamics strongly affect the nature of collaboration. As previous studies 
(Dillenbourg, 1996; Benford, 2000) have noted, collaboration is a social structure, and while 
undeniably it can be a positive experience, in some cases it can have a negative effect. The 
group dynamics, including factors such as dominance and mediation, might be the single-
most influencing factor on the interactions, the collaboration outcome, and the collaboration 
experience. It remains to be determined to what degree the design of a digital medium or a 
user interface could affect group dynamics, be it directly or indirectly through design 
decisions regarding functionalities, but it should be recognized that while the design 
proposed here was derived from analyses of existing collaborative paradigms, the nature of 
social interactions also depend on the resources available to mediate the exchange (Crook, 
1998). Thus, iterative design cycles are necessary. An understanding of the effects of 
group dynamics would probably yield better results during the evaluation phase. Finally, 
comparison of creative collaboration with existing models of software development (such as 
extreme programming) might also yield insight into the interaction paradigms at play. 

The other future direction of expansion addresses the fact that Scratch really refers to 
the entire ecosystem of Scratch platform, Scratch board, website, and community. Each 
intersection of the new collaborative Scratch and each of the existing elements will require 
investigation and design. To begin with, there will need to be an online "space" within 
which Scratchrs can "meet up" prior to joining together in a workspace. To fully implement 
the original intentions of enabling Scratch to act as a boundary objects and connect people 
from different communities, or supporting long-tail learning and discovery of similar 
interests in the community (Brown, 1998) would first require a high-level of trust within 
Scratch community members. In turn. an establishment of trust would first require better 
structural support for socialization on the website. 

Next, the use of collaboration tools requires experience and previous studies have shown 
that the way features work need to make more explicit, e.g. that tools should give more 
indications to users when possibility for collaborative functionalities existed (Benford, 
2000). Also, a method of transition between single-user and multi-user mode requires 
careful designed, taking into consideration all the details of when users might seek one or 
the other work environment. The final challenge is the method of keeping records 
(Schneiderman, 2007). Rich-history keeping aligns with the goals of allowing children to 
learn from the actions of others; however, this material can easily become overwhelming in 
volume, or so disorganized as to be useless. Thus, careful thought should be applied to the 
use of the recorded material, the decisions of what to record, how recorded materials could 
be accessed. A few use scenarios of how persistent interactions can be beneficial to 
collaborative creativity would probably be meaningful. 

Conclusion 

As we are nearing the end of the Web 2.0 era, and innovative thinkers have turned their 
attention to imagining the future Web 3.0, the interaction between child and computer 
should not be restricted to a limited dyadic loop between one child and one computer. As 
many other aspects of our work are now integrated with the Internet, designers of learning 
technologies for kids should take on the challenge of designing a creative medium that 
encourages new types of collaboration and new types of learning. 

In this paper I described a constructivist approach to enabling synchronous collaboration 
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to support kids' creative work. I describe the three layers of requirements: social, 
programmatic, and interface which all need to be addressed in order to design an effective a 
digital medium that supports synchronous collaborative creativity. 

References 

Aragon, C. et. al. (2008). A Tale of Two Online Communities - Fostering Collaboration and 
Creativity in Scientists and Children. Submission to SIGCHI conference on Human factors in 
computing systems 2009. 

Benford, S. et. al. (2000). Designing storytelling technologies to encouraging collaboration 
between young children. Proceedings of the SIGCHI conference on Human factors in 
computing systems 2000. pp. 556-563 

Brown, J. S. and Duguid, P. (1989). Situated Cognition and the Culture of Learning. 
Educational Researcher, Jan-Feb 1989, vol. 18, no. 1, pp. 32-42. 

Brown, J. S. and Adler, R. P. (1998). Minds on Fire: Open Education, the Long Tail, and 
Learning 2.0. EDUCAUSE Review, vol. 43, no. 1 (January/February 2008). pp 15-32. 

Bruckman, Amy S. MOOSE Crossing: Construction Community and Learning in a Networked 
Virtual World for Kids. Ph.D. Thesis, MIT Media Laboratory. June, 1997. 

Crook, C. (1998). Children as computer users: the case of collaborative learning. Computers 
& Education, vol. 30, iss. 3-4, 5 April 1998, pp. 237-247. 

Csikszentmihalyi, M. (1996). Creativity — Flow and the Psychology of Discovery and 
Invention. New York, NY: HarperCollins Publishers. 

Dillenbourg, P. et. al. (1996). The evolution of research on collaborative learning. In E. 
Spada & P. Reiman (Eds) Learning in Humans and Machine: Towards an interdisciplinary 
learning science. Oxford: Elsevier. pp. 189-211. 

Dourish, P. and Bellotti, V. (1992). Awareness and coordination in shared workspaces. 
Proceedings of the 1992 ACM conference on Computer-supported cooperative work. pp. 
107-114. 

Fischer, G. (2007). "Designing Socio-Technical Environments in Support of Meta-Design and 
Social Creativity", Proceedings of the Conference on Computer Supported Collaborative 
Learning (CSCL '2007). pp. 1-10. 

Harrison, S. and Dourish, P. (1996). Re-Place-ing Space: The Roles of Place and Space in 
Collaborative Systems. Proceedings of the 1996 ACM conference on Computer supported 
collaborative work. 

Inkpen, K. M. et. al. (1999). This is fun! we're all best friends and we're all playing: 
supporting children's synchronous collaboration. Proceedings of the 1999 conference on 
Computer support for collaborative learning, 1999. Article No. 31. 

Jackman III, John D. A Networked Development and Runtime Environment 
for StarLogo TNG. M. Eng. Thesis, MIT Dept. of Electrical Engineering and Computer 
Science. June, 2007. 

Papert, S. (1980). Mindstorms: Children, Computers, and Powerful Ideas. New York, Basic 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

71
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Books. 

Putnam, R. D. (1995). Bowling Alone: America's Declining Social Capital. Journal of 
Democracy 6.1, 1995. pp. 65-78. 

Repenning, A. and Sumner, T. (1995). Agentsheets: A Medium for Creating Domain-
Oriented Visual Languages. IEEE Computer, 1995. 

Resnick, M. et. al. (2003). A Networked, Media-Rich Programming Environment to Enhance 
Technological Fluency at After-School Centers in Economically-Disadvantaged Communities. 
Proposal to the National Science Foundation. 

Schneiderman, B. (2007). Creativity support tools: accelerating discovery and innovation. 
Communications of the ACM. Volume 50, Number 12 (2007), pp 20-32. 

Scott, S.D. et al. (2004). Territoriality in collaborative tabletop workspace. Proceedings of 
the 2004 ACM conference on Computer supported collaborative work. pp. 294-303. 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

72
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



MIT OpenCourseWare
http://ocw.mit.edu 

MAS.714J / STS.445J Technologies for Creative Learning 
Fall 2009 

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms. 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

73
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN

http://ocw.mit.edu
http://ocw.mit.edu/terms


Utilizing Technology to Support the Development of Empathy 

MIT Media Lab 

How can technology-infused collaborative learning environments

be used as authentic opportunities to learn about


oneself, others, and to understand interpersonal dynamics?


Motivation and Framing 
civic In order for community members to recognize 

engagement injustice and work well together toward a solution, 

empathy 

they must be able to empathize with others. 

This project explores the ability of storytelling and 
technology to support the development of empathy 

and foster civic engagement. We use Scratch - a new 
programming language designed for young people -

technology storytelling 

Approach 
Throughout the workshop, students 
explore both emotion and identity, through emotion 
trajectories of awareness. 

We begin with projects related to 
emotional self-awareness and individual 
identity, and then, throughout the weeks, identity 

move toward awareness of the feelings of 
others and one's identity as a part of a 
community. 

as a tool for self-expression.


self 

Emotional 
self-awareness 

How do I feel?

Why do I feel that way?


Individual 

Who am I?

What do I believe?


social 

Empathy 

How do you feel?

Why do you feel that way?


Community 

Who are we?

What do we believe?

How do we relate?


trajectories of awareness 

We worked with six male and four female Boston-area middle-school students for 14 weeks.

The seven thematic sessions explored trajectories of awareness directly (through curriculum) and 

indirectly (through variations of collaborative groupings).


Session 2 Session 4 Session 6 
Interactive collage Three-part story 30 years in the future 

My perspective Multiple perspectives Beliefs 

Session 1 Session 3 Session 5 Session 7 
Introduction to Scratch Shared experience story Things unseen Project 
Community building Your perspective Inattentional blindness 

Preliminary Interpretations 
Largest community (teachers, “Scratch is a programming “Participating in this workshop has 
parents and students) language that lets you express given my daughter a voice. She’s a 
participation as seen by school yourself.” different person now.” 
administrators. - Participant - Participant’s parent 
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Graphic:

NSF Grant Number: ITR-0325828 
PI: Mitchel Resnick, Yasmin Kafai, John Maeda Institutions: MIT Media Lab & UCLA 
Title: A Networked, Media-Rich Programming Environment to Enhance Informal Learning 

and Technological Fluency at Community Technology Centers 

Research Objectives: 

• Advance understanding of the design of new 
technologies to support learning in informal settings 

• Develop new approaches to help inner-city youth 
become fluent with information technologies 

Significant Results: 

• Building-block approach eliminates syntax errors, 
makes programming accessible to non-experts 

• New broadcast architecture for communication 
among objects 

• New programmable, interactive image-processing 
Approach: 

• Develop programming environment specifically 
for after-school centers in low-income communities 

• Test in Computer Clubhouses, network of 90 
community centers for youth (ages 10-16) 

• Use data collection and analysis methods most 
appropriate for informal settings: participatory 
design, case studies, analysis of digital artifacts 

Scratch programming environment 

- Building-block programming paradigm 
- Programmable manipulation of rich media 
- Seamless integration with physical world 
- Objects sharable across Net, on diverse platforms 

Broader Impact: 

• Broaden opportunities for youth from low-income 
communities to become designers and inventors 
with new information technologies 

• Foster collaboration among young people across 
geographic, cultural, and language barriers 
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TOPIC MODELS AND DATA PORTRAITURE

ABSTRACT 

The art world uses the tradition of portraiture to semantically compress 
relevant information about their subjects into a single art work. We 
believe this tradition can be extended into the digital realm by the use of 
topic modeling to compress individuals’ information into generative data 
portraits. Data portraiture has strong implications for navigating large 
social spaces, collaborative systems, and self reflection. We briefly 
showcase our works thus far to highlight potential directions in this 

INTRODUCTION 

In cyberspace, we are bodiless. Despite the obvious and long desired 
advantages of removing race, gender, age, and other non-mental 
attributes from online interactions, the physical body remains a powerful 
force in face-to-face interactions. Stereotyping allows society to function 
as a whole, and minute physical gestures are important for efficient 
communication, trustworthiness, and expression of identity. In the art 
world, portraiture has been long-standing and rich tradition that exploits 
our ability to recognize these physical properties to obtain a 

multi-dimensional gestalt of character, form, and function. We believe 
that transferring this tradition into the digital realm can help individuals 
not only make better sense of strangers in the online spaces they inhabit, 
it can help organizations to understand the information flow within, 
facilitate better collaboration, and function ego-centrically as a digital 
mirror to better understand ourselves. 

Data-driven portraiture, or simply data portraiture, is the generative 
process of creating visual representations of the self based on abstract 
data ather than facial features. These representations can function as a 

body for where we are bodiless, facilitating navigation of large quantities 
of human-centered information. Topic modeling plays a special role in 
data portraiture for its ability to aggregate large amounts of unorganized 
information into high-level categories. These categories and associated 
weighted vectors allows data portraiture to significantly advance in utility 
and power. 

In our paper, and in this poster, we briefly outline our contributions of 
data portraiture using topic modeling. 

emerging field. 

Landscape of Words 

Landscape of Words is a visualization created by 
Aaron Zinman and Alex Dragulescu that centered 
around applying Latent Dirichlet Allocation to — at the 
time — all of Twitter. It was constructed when the 
service had not quite reached the mainstream 
recognition it has today, and was meant to allow 
newcomers to become familiar with the service. 
Inspired by earlier work with landscape metaphors 
and Latent Semantic Analysis, we represent each topic 
as a “mountain” whose height is proportional to the 
total number of tweets that fall under that topic. 
Multi-dimensional scaling of Kullback–Leibler 
divergences grouped related topics on the flattened 
two-dimensional map. The number of topics was 
artificially reduced to not overload the landscape. 
Trade-offs in model completeness versus navigation 
are an inherent problem in interactive uses of topic 
models. The landscape is annotated using heat maps 
to display topic popularity across time, compare 
individuals, and social networks. Using a common 
model across all of Twitter keeps the location and 
contents of the topics static, thereby making it easier 
to compare like entities. We reserve a small 
disconnected area in the corner for Tweets that have 
low-probability assignments to the model, an 
important feature when presenting data via topic 
models. 

Personas 

Personas is a piece originally designed for the 
Metropath(ologies) exhibit recently on display at the 
MIT Museum. Museum-goers approach the terminal 
and enter their name. Yahoo!’s BOSS service is then 
used to to find characterizing statements of the name 
on the web. Inference using Latent Dirichlet Allocation 
and Gibbs sampling is performed on the sentences, 
saving the results of each iteration of its word-topic 
assignments. Each iteration is then animated for the 
user, allowing them to cogitate on the information 
given, the oscillations inherent in the machine trying 
to make sense of the data, and the quality of the 
topic-word assignments. Meanwhile, an aggregated 
DNA-like strip of the document-topic vectors is 
continuously adjusted as the results change; it is the 
final data portrait. Personas is meant for participants 
to reflect on issues of privacy, identity, and their faith 
in data mining. Since being ported to the web, 
Personas has generated several million portraits. 

Defuse ThemeStream 

Defuse is a project currently under development that 
redefines navigating and participating in online 
discussions using a web-based commenting platform. 
Online commenting in large sites is a space that is ripe 
for data portraiture, as condensing the rich history of 
posters helps contextualize their messages for 
unfamiliar users, in addition to providing a quality 
feedback loop to the original posters themselves. 
Currently topic modeling is being used to generate 
clusters of discussion topics and conversational style, 
which are then used to showcase users by their past 
topical history as a high-level gestalt for their interest 
patterns over time. We are also experimenting with 
using topic modeling as a summarization tool for 
building navigable models of very activite participants 
and conversations by artifically setting the number of 
topics to a low value. Similarly, we are also 
experimenting with cross-cultural topic models 
(ccLDA) to separate comments based upon vocabulary 
usage as a proxy for social prototypes. 

ThemeStream is a visualization of the major themes of 
one’s personal RSS feeds. Zooming around a 3D 
interface, it provides differing levels of detail 
depending upon the camera view, alternating 
between high-level top-down views, and focused 
contextual views. Much in the way an artist paints the 
same model from different perspectives, creating 
varying views of data, attribution, and detail reveals 
more than any single view could provide. It uses topic 
modeling to compress individual time slices and 
OpenCalais for theme extractions. 

Each view is a transformation of the same consistent 
layout. The top view exposes major fluctuations in 
time and topic frequency changes as they flow from 
one time slice to the next. The three-quarters view 
reveals a localized meta-view, displaying the topics 
popular within each time slice. Finally, the front view 
accesses each of the individual items, which can be 
opened and viewed in full. Smoothly animating 
between these different models of the data gives an 
ability to drill down while maintaining a consistency, 
and thereby understanding, of the navigation context. 

ConnectUs 

ConnectUs is a visualization to better incorporate our 
digital personas into physical interactions. The project 
optically tracks and identifies participants moving 
around in a space. A priori, participants bind their 
physical identity to their online social networking 
accounts. Available data is used to create a common 
topic model. An ego-centric data portrait follows 
participants as they physically move, deforming as 
they come into contact with others in the room to 
show similarity. Topics unique to those in 
conversation are highlighted to function as a digital 
impetus for social interaction. 

FLUID INTERFACES GROUP u MIT MEDIA LAB 
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A Brief Artbotics Exploration for Educators 
Jennifer Casper 
Final Project Report – Fall 2009 Technologies for Creative Learning MAS 714 

Abstract 
 
The purpose of this project was to design a three-hour session for educators on art and robotics. 
The intent of the theme and project-based session is to give educators a sense of what a student 
experiences during an Artbotics course. The session follows a similar, albeit compressed, 
workflow that is implemented in the Artbotics courses: introduction to the hardware and 
software tools, interactive character theme for wire sculpture activity, and a final exhibition. This 
paper details the background, activity exploration, and Artbotics session planning. 

1 Introduction 
 
Robots provide an interactive way to teach science, technology, engineering, and mathematics 
(STEM) concepts. As outlined in [1], goal-oriented, thematic integrated curriculum, and project-
based approaches are the primary methods used in educational robotics. Qualitative and 
quantitative results from educational robotics assessments indicate the activities had positive 
impact on the students [2][3][4][5].  
 
Art is a core topic for youth education, despite it commonly being a point of debate. It is difficult 
to determine just how art benefits other fields. Eisner details the difficulty of measuring the art 
education benefits, although intuitively they are understood [6][7]. Practicing art allows students 
to explore transforming their visions, ideas, and feelings into an art form [6]. Eisner outlines 
lessons learned while practicing art and how they are useful elsewhere [7]: 

1. There can be more than one answer to a question and more than one solution to a 
problem; variability of outcome is okay. 

2. The way something is formed matters. 
3. The importance of imagination and of refining and using the sensibilities. 
4. The capacity of an art form to touch us depends on the relationships that are composed by 

artists. 
5. Intrinsic satisfactions matter. 
6. The importance of being flexibly purposive in the course of one’s work.    

 
Blending art and robotics is not a new concept, as Wilson discusses in [8]. It is, however, a 
relatively new concept within the field of education. There are benefits to teaching youth 
robotics and art, as previously discussed. The combination of robotics and art provides a new 
perspective to explore STEM concepts. Students are encouraged to transform their visions, ideas, 
and feelings into an art form using robotics as the media. Programs, such as those in 
[9][10][11][12], have focused on blending are and robotics to explore STEM concepts. There is 
an inherent need for creativity, visualizing, and interaction design within the robotics field; thus 
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blending art and robotics is natural and practiced [8]. Approaching robotics from an artistic 
perspective may prove useful in exposing youth to STEM concepts. 
 
Artbotics is a collaborative effort, between the University of Massachusetts Lowell, the 
Revolving Museum, and Lowell High School, focused on revealing art and computing concepts 
using robotics [13]. It started in 2006 as a pilot summer program for graduating high school and 
early college students. Since then, the program has grown to support an annual summer program 
for middle school, after school program for high school, and semester courses for college. A two-
day educator workshop is held during the summer to disseminate Artbotics. The preliminary 
feedback on the Artbotics curriculum was positive; the students felt engaged in the creating 
process [9]. The programs have grown since the time of the publication.  
 
STREAM is an annual educator workshop exploring how to use robotics in teaching STEM [14]. 
The two-day workshop provides educators with a breadth of hands-on activities involving robot 
technologies intending to inspire instruction. The workshop also provides the opportunity to 
share new methods and technologies, such as Artbotics. Dr. Holly Yanco directs Artbotics and 
the STREAM Workshop. She would like to include an Artbotics session in the 2010 STREAM 
Workshop to take place at iRobot in Bedford, MA; this would complement the other robotics 
sessions on the agenda. 

1.1 Question and Objectives 
 
Is it possible to give educators a motivating and useful introduction to the Artbotics concept in a 
three-hour timeframe? 

1. Using the Artbotics high school and college classes as inspiration, design a three-hour 
session for approximately 50 educators. 

2. Incorporate progressive techniques discussed in class and utilized in the Artbotics class: 
project-based activity [15], group collaboration [16], and intrinsic motivation [17]. 

3. Evaluate the program impact through solicited feedback and observed educator 
involvement. 

1.2 Approach 
 
The following tasks were implemented in designing the workshop: 

1. Understand the constraints and prior workshop practices to influence the short session 
design. 

2. Get familiar with the Artbotics kit to understand the tools. 
3. Design an activity for the session attendees. 
4. Determine what documentation is needed to support the session. 
5. Consider evaluation questions to obtain feedback. 

2 Artbotics Session Goals, Constraints, and Workflow 
 
The goal of the session is to give educators a sense of what it is like being in a full Artbotics 
program. Due to logistical constraints, the session has to be carefully scoped and supported to 
meet this goal. For instance, sample code and limited hardware will be used. 
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The logistical constraints are:  

1. Timeframe = 3 hours 
2. Audience = ~50 adult educators (assume they are not familiar with the hardware) 
3. Hardware = standard Artbotics kit containing a Super Cricket board, motors, and sensors. 

 
The session has three primary phases: introduction of tools, theme-based activity, and exhibition. 
This is the general flow employed in the other Artbotics programs.  
 
During the introduction of hardware and software tools, the educators will form groups of three 
to four members around them, and each will have their own Artbotics kit and materials. Laptops 
for coding will be shared. Sharing laptops and having each member work with code and design 
materials was found most effective in prior two-day workshops. The intent is to promote group 
collaboration and idea sharing between the members while maximizing hands-on time. The 
groups will be given a basic overview of the hardware through hands-on practice. It is necessary 
to present the tools, or media, to the educators. The goal is to get them familiar so they are 
encouraged to explore the media. 
 
The majority of the time will be devoted to the theme-based activity. This is the project-based 
portion of the workshop. In the Artbotics course, the students are given a theme for the gallery 
show. The students explore the robotics media under the given theme. The educators will have a 
similar experience. Although the session will not end with a gallery showing, there is an 
exhibition. The educators will be given a theme and additional supporting materials to guide 
their exploration.  
 
The final phase of the session is the exhibition. The art pieces will be set out on the tables for 
display. The attendees may then walk around and interact with the characters. The act of 
displaying work is a traditional tactic in art education; presenting the piece is owning the piece 
for better or worse.  

3 Activity Design 

3.1 Inspiration – Wire Sculpture 
 
Wire sculpture is simple, straight forward, and inexpensive in regards to materials needed. It 
involves forming wire into a shape for communicating an artistic idea. Artists have been bringing 
attention to the art form; it started with the work of Alexander Calder who is credited with 
inventing wire sculpture [18]. Wire sculpture also gives users the opportunity to explore in 3D 
space. I chose wire sculpture as the activity art form due to the ease of use and 3D space 
potential.  
 

3.2 Materials 
 
Here is the list of materials needed for a wire sculpture activity (see Figure 1): 

1. Wire cutters 
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2. Three gauges of wire: 22, 26, and 28 
a. 22 gauge is sturdy enough, yet malleable, to create a small-size frame. 
b. 26 gauge is more malleable and useful for securing sensors, lights, and motors to 

the framework. 
c. 28 gauge is very malleable and most useful for esthetic aspects. 

3. Hands for manipulating the wire 
4. Tissue paper (optional for the session) 
5. Miscellaneous supplies such as tape and glue (optional for the session) 

 

 
Figure 1 Wire sculpture materials. 

Although the standard Artbotics kit contains numerous pieces (see 
http://artbotics.cs.uml.edu/index.php?n=HowTo.BuildAKit), attendees will be given the 
following to use: 

1. Cricket board using Logo programming 
2. USB board for downloading code from the laptop 
3. Two DC motors 
4. Two light bulbs 
5. IR distance sensor 
6. Photocell light sensor 

3.3 Experimenting with Materials 
 
In order to determine the level of difficulty, I experimented with using the materials to create an 
art piece. My original idea was to create an interactive plant form with a rough wire structure for 
a pot and flowing wire pieces representing the plant. When a user is within a given distance 
(approximately 10 centimeters), one of the plant forms moves and lights up; otherwise the form 
is static. The pot structure lights up when the ambient light of the environment goes below a 
defined threshold. 
 
The code to create the straightforward behavior took minimal time to produce; including 
download of the recommended packages for Artbotics, perusing online documentation, Cricket 
board setup, and sensor exploration. The following represents the Logo code: 

to eplant 
  a, setpower 2 
  c, setpower 8 
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  d, setpower 8 
  ifelse sensora > 50 
    [d, on] 
    [d, off] 
  if sensora > 50 
    [a, onfor 30] 
  ifelse sensorf > 125 
    [c, on] 
    [c, off] 
  eplant 
end 

 
The sculpture took the infinite more time to produce. As with all artistic explorations, this one 
did not go as planned, nor did it turn out as originally hoped. Getting familiar with the materials 
took a great deal of time (hours beyond two days of effort were not tracked). The wire required 
familiarity with the gauges to effectively employ. Designing the movement took significant time 
due to the lack of designated hardware (i.e. gears); available materials were employed to enable 
movement. The lights needed to be soldered as well. The images in Figure 2 represent the plant 
form progression from the early stages (top) to late (bottom). The two images on the top show 
the wire framework. The two on the bottom show the plant form with incorporated sensors. 
 

 
 

 
Figure 2 Wire sculpture progression. 
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The last stage of the materials exploration involved using wet tissue paper to create a skin around 
the surface of the wire framework. Part of this is visible in the bottom right image in Figure 2. 
The final experimental sculpture is displayed in Figure 3.  
 

 
Figure 3 Final experimental sculpture in the light (left) and in the dark (right). 

3.4 Standard Wire Form 
 
It is not feasible to expect all session attendees to explore the Artbotics concept through wire 
sculpture in 1.5 hours without having a stock form to expand upon. Hours went into the 
experimental sculpture; attendees may have a hard time with this. The experience should be 
positive and somewhat fruitful.  
 
The most basic 3D form to build from is a cube. The cube provides a solid structure to support 
the Cricket board (see Figure 4). Attendees may then use this framework to create, if they 
choose. Some attendees may not want to use the form and explore on their own. 
 

 
Figure 4 Cube structure for workshop activity. 
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3.5 Theme 
 
The Artbotics courses often use a theme to drive the inspired art pieces produced by students and 
eventually displayed in a gallery. As stated by the authors of [11], open-ended themes promote 
problem finding in addition to problem solving. The three-hour session would benefit from a 
theme that would provide room for attendees to create and be expressive. The suggested theme is 
interactive characters, such as that shown in Figure 5. 
 

Figure 5 Interactive character sculpture from the Spring 200 7 Artbotics course. 
http://artbotics.cs.uml.edu/index.php?n=Photos.CollegeSpring2007

3.6 Initial Feedback  

Diana Coluntino and Adam Norton, instructors for Artbotics, provided feedback on the session 
design plans. Both liked the idea of a wire sculpture. However, the short time frame and potential 
large attendance will prove challenging. Diana suggesting providing as many prefabricated 
materials as possible; she explained how constraints often encourage unique creativity. She liked 
the idea of having the cube for the stock framework. This provides everyone with a common 
base to build; it would be interesting to see how people view the cube differently. Additional 
materials, like colorful sticky craft foam, will add a decorative aspect to the wire sculptures. 
Adam pointed out that it would not be possible to put 50 people through a show-and-tell at the 
end; an exhibition is necessary with a group this size. Most importantly, the session needs to be 
constructive and enjoyable. 

4 Supporting Documentation 
 
The following documentation was assembled to support the program: 

1. Artbotics session agenda and overview 
2. Hardware reference 
3. Software reference 

Photo removed due to copyright restrictions.
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5 Lessons 
 
Wire materials provide a blank canvas by which to create. It is critical to help attendees move 
from idea to play quickly given the time constraint. It may be easy for attendees who do not have 
any idea of what to do.  
 
Ideas should be kept simple due to the time constraint. I spent a significant amount of time 
working with the wire material trying to produce the sample piece. This would not be easy to do 
in a short timeframe. 
 
Group collaboration is critical in the creation process. Although I was creating my own sample 
piece, I did consult with colleagues on ideas and implementation issues. However, it was 
beneficial to create my own piece in order get experience with the hardware and the code. 
 
The Artbotics kits provide basic sensors, motors, and lights yet require some assembling. The 
lights need to be soldered for use. Supplementary equipment is needed for the DC motors if 
attendees are given the option to create a moving piece. I spent a few hours finding materials that 
would work with the DC motor to create reliable and desirable movement. 
 
The provided hardware will limit the size of the art pieces produced. The standard wire lengths 
for the lights and motors are six to eight inches in length. This will encourage incorporating the 
Cricket board into the art piece as well. 
 
The iCode Project website may be of use in sharing sample code and documentation, as 
suggested by Dr. Yanco [19]. It would provide an online environment to post code; attendees 
could use the site to share code and view work after the workshop is over.  

6 Conclusions 
 
Based on the materials exploration and planning discussed, it will be possible to implement a 
three-hour Artbotics session for educators during the 2010 STREAM Workshop. The agenda for 
the session is outlined in the session support documentation. An Artbotics introduction will take 
place in the first 15 minutes. The following 30 minutes is allocated for hardware and software 
tool introduction. This is a realistic estimate given the simplicity of the software and 
straightforward nature of the hardware. An hour and a half is designated for the theme-based 
activity. Attendees who choose to use the standard cube frame may do so. The final 45 min are 
saved for exhibition. 

7 Future Work 
 
This is an ongoing planning effort. Based on the initial feedback, I will conduct a second activity 
exploration using the designated theme and the cube frame and the recommended prefabricated 
craft materials. A practice session will also be conducted with a small group of students. This 
will provide a sense of how easily students can work with the cube frame to produce an art piece 
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in 1.75 hours. Necessary adjustments to the activity will be made pending the outcome of this 
activity. 
 
The ultimate goal for this effort is executing the three-hour Artbotics session during the 2010 
STREAM Workshop. The evaluation of the program will determine activity usefulness in giving 
educators a sense of being in an Artbotics class. Items to include in the evaluation will address 
effectiveness of the three-hour Artbotics session. The evaluation results will be used to drive 
improvement for future educator sessions.  
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  MAS.714J Fall 2009 - Final Project Proposal - Jenn Casper 

A Brief Artbotics Exploration for Educators 

Motivation 

The motivation for this effort is to introduce educators to alternative methods for exposing youth to science, 
technology, engineering, and mathematics (STEM) concepts through robotics. Art and computer science may 
appear like two unique fields without overlap. Animation, gaming, and computer graphics are obvious 
examples of where art and computer science overlap; the robotics field is another, albeit more subtle, 
example. There is an inherent need for creativity, visualizing, and interaction design within the robotics field; 
thus blending art and robotics is natural and practiced [1]. Approaching robotics from an artistic perspective 
may prove useful in exposing youth to STEM concepts. 

Background 

Robots provide an interactive way to teach STEM concepts. As outlined in [2], goal-oriented, thematic 
integrated curriculum, and project-based approaches are the primary methods used in educational robotics. 
Qualitative and quantitative results from educational robotics assessments indicate the activities had positive 
impact on the students [3][4][5][6]. 

Art is a core topic for youth education, despite it commonly being a point of debate. It is difficult to determine 
just how art benefits other fields. Eisner details the difficulty of measuring the art education benefits, although 
intuitively they are understood [7][8]. Practicing art allows students to explore transforming their visions, 
ideas, and feelings into an art form [7]. Eisner outlines lessons learned while practicing art and how they are 
useful elsewhere [8]: 

1. There can be more than one answer to a question and more than one solution to a problem; 
variability of outcome is okay. 
2. The way something is formed matters. 
3.    The importance of imagination and of refining and using the sensibilities. 
4. The capacity of an art form to touch us depends on the relationships that are composed by artists. 
5. Intrinsic satisfactions matter. 
6. The importance of being flexibly purposive in the course of one’s work.  

Blending art and robotics is not a new concept, as Wilson discusses in [1]. It is, however, a relatively new 
concept within the field of education. There are benefits to teaching youth robotics and art, as previously 
discussed. The combination of robotics and art provides a new perspective to explore STEM concepts. 
Students are encouraged to transform their visions, ideas, and feelings into an art form using robotics as the 
media. 

Artbotics is a collaborative effort, between the University of Massachusetts Lowell, the Revolving Museum, 
and Lowell High School, focused on revealing art and computing concepts using robotics [9]. It started in 2006 
as a pilot summer program for graduating high school and early college students. Since then, the program has 
grown to support an annual summer program for middle school, after school program for high school, and 
semester courses for college. A two-day educator workshop is held during the summer to disseminate 
Artbotics. The preliminary feedback on the Artbotics curriculum was positive; the students felt engaged in the 
creating process [10]. The programs have grown since the time of the publication. 

STREAM is an annual educator workshop exploring how to use robotics in teaching STEM [11]. The two-day 
workshop provides educators with a breadth of hands-on activities involving robot technologies intending to 
inspire instruction. The workshop also provides the opportunity to share new methods and technologies, such 
as Artbotics. Dr. Holly Yanco directs Artbotics and the STREAM Workshop. She would like to include an 
Artbotics exploration in the 2010 STREAM Workshop; this would complement the other robotics methods on
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the agenda. 

Question 

Is it possible to give educators a motivating and useful introduction to the Artbotics concept in a three-hour 
timeframe? 

Objectives 

1. Using the Artbotics high school and college classes as inspiration, design a three-hour program for 
approximately 50 educators. 
2.    Incorporate progressive techniques discussed in class and utilized in the Artbotics class: 
project-based activity [12], group collaboration [13], and intrinsic motivation [14]. 
3. Evaluate the program impact through solicited feedback and observed educator involvement. 

Approach 

There are logistical constraints under which this program is to be designed: 
1. Timeframe = 3 hours 
2.    Audience = ~50 adult educators (assume they are not familiar with the hardware) 
3. Hardware = standard Artbotics kit containing a Super Cricket board, motors, and sensors. 

The program will have three primary phases: introduction, activity, and presentation. This is the general flow 
employed in the other Artbotics programs. It will provide the educators with a sense of being in a full 
Artbotics program. 

During the introduction, the educators will form groups of three to four members. The intent is to promote 
group collaboration and idea sharing between the members. The groups will be given a basic overview of the 
hardware. It is necessary to present the tools, or media, to the educators. The goal is to get them familiar so 
they are encouraged to explore the media. 

The majority of the time will be devoted to the activity. This is the project-based portion of the workshop. In 
the Artbotics course, the students are given a theme for the gallery show. The students explore the robotics 
media under the given theme. The educators will have a similar experience. Although the workshop will not 
end with a gallery showing, there is a presentation. The educators will be given a theme and additional 
materials to guide the robotics exploration. The theme and materials should be careful chosen to promote 
creative exploration while balancing the time constraint. 

The final phase of the program is the presentations. Although the groups will be encouraged to use their 
resources during the activity, they will stand up and explain their creation, process, and lessons. This is a 
traditional tactic in art education; presenting the piece is owning the piece for better or worse. 

Work Plan 

1. Hardware introduction 
a.	 Get familiar with the Artbotics kit (I have to explore the hardware to determine what it can/can’t 

do). 
b.	 Document the exploration for potential use during the workshop. 
c.	 Collect materials used in the exploration for reference material. 
d.	 Consider potential themes while exploring the hardware. 

2. Activity design 
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a.	 Come up with a list of themes; run these by Dr. Yanco for input/feedback. 
b.	 Narrow the list to a top three. 
c.	 Play with additional materials to use in creating art forms under each of the three themes. 

i.	 Is there a common set of materials that can be used for each theme? Perhaps to provide a 
foundation to build a piece? 

d.	 Consider a three-dimensional activity to simulate sculpture. 
i.	 Perhaps wire or clay would be of use. 

e.	 Document the design creation – theme, brainstorming, and lessons; this will feed the activity 
description. 

f.	 Obtain feedback on the activity from Dr. Yanco and educator contacts (perhaps I can get 
feedback from the class members). 

g.	 Present the three activity designs to Dr. Yanco; prepare pros and cons for each and make a 
suggestion. 

h.	 If possible, test the activity design with a group of select colleagues for input. 
3. Program documentation 

a.	 Formally document the final activity design for presentation at the workshop. 
b.	 Collect appropriate reference materials for the hardware. 
c.	 Finish the final activity piece for show during the workshop. 

4. Evaluation material 
a.	 Create the pre and post workshop surveys. 

Outcomes 

The three-hour Artbotics program package will contain the deliverables from this effort: 
1. Activity documentation and surveys 
2. Hardware references and necessary code base 
3. Finished art piece for showing at the workshop 

This material will be implemented during the STREAM Workshop taking place in June 2010. 

Future Work 

The focus for this effort is ultimately executing the three-hour Artbotics program during the 2010 STREAM 
Workshop. The evaluation of the program will determine activity usefulness in giving educators a sense of 
being in an Artbotics class. The evaluation results will be used to drive improvement. Alternative activities 
should also be explored for future workshops. 
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Overview and Agenda 
2010 STREAM Workshop – Artbotics Session 

Overview 
The purpose of this session is to provide you with a sense of what students experience during an 
Artbotics course. Exploring STEM concepts using robotics from an artistic perspective is a 
practiced and evolving educational method. You will have the opportunity to create your own 
interactive character. This creation will involve sculpting with wire, incorporating sensors, lights, 
and motors into the design, programming interactivity using the Super Cricket board, and 
exhibiting your work to the group. 

Introduction (15 min) 
 What is Artbotics? 
 Artbotics history and sample projects produced during education courses 

Hardware and Software Tools (30 min)  
 Artbotics kit (see reference handout for details) 
 Wire cutters 
 Three gauges of wire: 22, 26, and 28 

a. 22 gauge is sturdy enough, yet malleable, to create a small-size frame. 
b. 26 gauge is more malleable and useful for securing sensors, lights, and motors to the 

framework. 
c. 28 gauge is very malleable and most useful for esthetic aspects. 

 Hands for manipulating the wire 
 Miscellaneous supplies such as tape and glue (available in the back) 
 Laptop containing Cricket Logo for programming 
 Sample code (see reference handout for details) 

Creative Activity (1.75 hours) 
 Create an interactive character using the materials provided. 

You are welcome to use the cube as a frame to build your character; this is not required. 
Make use of any source of inspiration such as: children in your life, favorite animated 
movies, pets, etc. 

 Feel free to collaborate with your neighbors. 
Your neighbors are your friends. Feel free to work with them on brainstorming ideas, 
working with the materials, and troubleshooting. 

 Ask questions. 
We are here to help you as well. 

Exhibition (30 min) 
 Prepare your piece for display. 

The purpose is to model the Artbotics course. At the end of the course, students exhibit their 
work either in a gallery or for the class. In this session, pieces are setup on the tables for 
display.  

 Walk around and check out the other interactive characters. 
This is your opportunity to see all of the finished pieces created by your colleagues. 
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Hardware Reference 
2010 STREAM Workshop – Artbotics Session 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       
 
 
 
 
 
         
 
 
 
 
            
 
 
   
 
 

The brains of your interactive character… 
The code you write will be downloaded from the laptop to the Super Cricket board via the 
USB cable and Beamer. The Super Cricket is shown on the left. It has six sensor ports marked 
a through f, two bus ports, and four pairs of motor/light ports. The Cricket is powered by four 
AA batteries. The beamer on the right connects to the laptop via the USB cable. It beams your 
code to the Cricket board through the IR devices (see circles below). 

 

How your character moves and 
responds… 
DC motors enable the character to move. 
You can program the direction of motor 
rotation, the speed of rotation, and how long 
it rotates. Your character will be able to 
beep, light up, or output four characters. 
The LCD display plugs into a bus port. The 
lights plug into motor ports. 

 

How your character senses… 
Your character interacts with the world 
using three sensors: IR distance sensor, snap 
switch and a photocell light sensor. Each 
plugs into a sensor port. The distance sensor 
returns a range of 0 – 255; 0 represents far 
and 255 represents close. The snap switch 
returns true for on and false for off. The 
light sensor returns a range from 0 – 255; 0 
is bright and 255 is dark. 
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Software Reference 
2010 STREAM Workshop – Artbotics Session 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       
 
 
 
 
 
         
 
 
 
 
            
 
 
   
 
 

Control Examples 
 
repeat x [body] Repeats execution of the code statements in body for x number 

of times 
loop [body] Continually executes the code in body 
if condition [body] If the condition is true, the code in body is executed 
ifelse condition [body1] [body2] If the condition is true, the code in body1 is executed; otherwise 

the code in body2 is executed 
waituntil [condition] Repeatedly checks the condition statement until it is true 

Example code: 
To flippy 
    Repeat 10 [a, onfor 10 rd] 
end 

To flippy-forever 
    loop [a, onfor 10 rd] 
end 
------------------------------------------------ 
To flippy-forever 
    A, onfor 10 rd 
    flippy-forever 
end 

to on-wait 
    a, on 
    Waituntil 
[switchb] 
    off 
end 

to switch-controls 
    a, on 
    loop [ 
        ifelse switchb     
            [thisway]  
            [thatway] 
    ] 
end 

Refer to http://handyboard.com/cricket/program/ for the full program manual. 
 

Motor/Light Commands 
 
a, Selects motor/light a 
b, Selects motor/light b 
ab,  Selects both motors 
on Turns on the motor/light 
off  Turns off the motor/light 
onfor x Turns on for x tenths of secs 
thisway Motor direction defined on 

initial Cricket startup 
thatway Opposite motor direction 
rd Reverse direction 
setpower x Sets power level 0-8; default is 4 
 

Example statements: 
a, on  Turns motor or light  
b, setpower 2 Sets the power to 2 
c, onfor 10 Turns c on for 1 second 
d, off  Turns d off 
 

Sensor Commands 
 
switcha Reports the state of the switch, as 

true or false, in the ‘a’port on the 
Cricket; replace ‘a’ with ‘b’ 
through ‘f’ depending on what port 
the switch is in 

sensora Reports the sensor value, between 0 
and 255, in the ‘a’port on the 
Cricket; replace ‘a’ with ‘b’ 
through ‘f’ depending on what port 
the sensor is in 

Sound Commands 
 
beep Plays a short beet 
note pitch x Plays a note of defined pitch 

for x tenths of secs 

Example statement: 
note 119 10 Plays C note for 1 second  
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Introduction 

In Mindstuff, Michael Eisenberg reexamines some of the “powerful ideas” of Seymour Papert’s 
in!uential book, Mindstorms. He argues that the concepts of constructionism education that 
Papert lays out do not have to  stay con"ned inside computers; learners can and should gain new 
understanding by making physical “stuff” as well as computer programs and digital 
representations. As a tinkerer who has learned more building with atoms than bits, I found this 
critique poignant. And as a student of architecture, I found the following extension highly 
compelling: 

...in thinking of what “Mathland” might mean, the room, and not the computer screen, 
is the most tasteful and productive grain size of design for educational technology.  at 
is: as educational technologists, we should try to imagine what the child’s room (or 
maybe the classroom) might look like, not merely what sort of interface is provided 
on a computer screen. (Eisenberg 2003, emphasis original) 

When I read this, I was already involved in designing an educational project on the room scale. 
My self-imposed challenge was to design a kit of architectural building blocks for a temporary 
structure that could be recon"gured, built, and rebuilt by high school students who would use it 
as their classroom. Initially, my motivation came from a simple desire to share what I loved about 
the act of building in hopes that it would create an empowering experience for a younger 
generation of learners. However, Eisenberg’s perspective as well as related ideas from the learning 
sciences turned my thoughts to situating this project more speci"cally in the context of 
constructionism and new media literacies. 

How could I focus and extend this project to enable more students to be more creative and 
collaborate while doing so? Speci"cally, how could I engage a wide variety of learners in the 
construction of their environment, creating an architecture that actively encourages appropriation 
of ideas and builds a collective intelligence? What different types of media would be appropriate 
for learners to work with and navigate between in this context? Similar to how Henry Jenkins sees 
potential for participatory media to be a powerful training ground for civic engagement via 
developing these new media skills (Jenkins 2006), could I develop a participatory architecture that 
informs and encourages active and critical inquisitiveness about the spaces we inhabit in our 
everyday lives? 

It is this salient connection between participation via production and critical thinking that gave 
this project its name: ting-bing — a shorthand for “thinking” and “building.” 
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Precedents 
A number of existing projects have attempted to engage high school age students with the 
architectural or urban environments they learn in by assisting in creative and analytical 
investigations of these spaces. ough most of the following examples use creative and 
participatory processes as central activities, their educational goals do not speci"cally come from 
constructionism or new media literacy. 

In Annette Krauss’ Hidden Curriculum project, Krauss uses techniques from her contemporary 
artistic practice to foster creative works with her students. She asks students to take everyday 
objects found within their school, such as a typical chair, and create new and explicitly unusual 
situations by placing these objects in strange contexts. ese constructed situations provide sites 
of re!ection on the relationships of authority and power that shape the school environment, 
revealing a hidden spatial curriculum (Krauss 2009). 

e Center for Urban Pedagogy (CUP) draws from the toolset of urban planners to investigate 
the conditions of the city in which students live. A typical CUP project asks students to use media 
tools (video, oral interviews, graphics, drawing) to produce exhibitions about issues such as 
public housing, waste management, and building codes (Hammett 2006). 

While the previous examples primarily serve to create knowledge about a spatial situation, others 
seek speci"cally to construct new spatial arrangements altogether. 

Architect Alex Gilliam, as a fellow with Auburn University’s Rural Studio, worked with students 
in rural Newbern, Alabama to rebuild their aging school. e students documented issues with 
their building and lent their labor to physically construct a new place of learning (Rural Studio 
2004). 

Danish landscape architect C. Th. Sorensen developed the idea for a "junk playground" after he
realized that children would rather play in the rubble of destroyed buildings following World War
II than in his carefully designed playgrounds. He proposed, and others later implemented, a play 
space that would consist of little more than tools and materials with which children could build 
and care for their own structures. Many of these “adventure playgrounds” (as they are commonly
called in English) were built around the world. Unfortunately, very few exist in the United States.
While not designed primarily sites of learning, the act of play can be seen as educational in 
certain terms (Bengtsson 1972). 

Papert’s original formulations of constructionism drew heavily on the idea of immersion in a sort
of “Mathland” that is actively built by the learner (Papert 1993). Though the activities he
described and developed did focus on creating immersive environments, these environments
remained for the most part virtual. Likewise, projects that explicitly followed down this path 
focus on the virtual environment first. As an example, the Scratch programming language gives
learners a virtual programming environment in which they can create their own virtual worlds
through games, stories, simulations, and art projects (Resnick et al 2009). 
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Especially relevant to this design project is the Computer Clubhouse - learning centers designed 
specifically for making constructionist projects, such as programming with Scratch, or using 
digital image and video software to make creative and expressive works (Rusk et al 2009). 

The above examples range in scope and impact from site-specific interventions to networks of 
related projects over a wide geographic range. They also illustrate two different approaches to 
construction and space: some, like the Sunshine School project and the adventure playgrounds, 
are about making spaces, while others, like the Computer Clubhouse or the Scratch programming
environment, are about providing spaces for making. The ting-bing project as described in this
document seeks to bridge these approaches by developing a system of making spaces for making.
Why are the spatial conditions in a Computer Clubhouse given when all the content produced 
within it is meant to be created by the students? In ting-bing, the space becomes the content, and 
the making of the space can become a fitting part of a larger constructionist curriculum. In doing 
this, it maintains some features from each of the above precedents: that spatial relations are
intimately related to civic engagement and an understanding of space is important to civic
participation, and that collaboration, appropriation, and sharing as facilitated by virtual tools can 
be a powerful tool of engagement and learning. It also seeks to facilitate the same experiences of 
play and tinkering found on adventures playgrounds and in Scratch. 

Design Principles 
e following are the design principles I have come to value and used to guide me through the life 
of this project: 

1. e structures created should be temporary, rugged, and reusable such that each new group 
of students has a chance to renegotiate, recon"gure and reconstruct the classroom as they 
desire. 

2. Elements of tinkering and play should be the guiding mode of interaction. 
3. A set of standard components should be provided to create a common design language that 

accommodates easy sharing amongst students and different groups building their own ting
bing classroom. 

4. A standard layout should be given as a starting scaffold for adaptation within a framework. 
5. e components should be modular in nature such that the standard layout can be extended 

or radically redesigned in addition to being used as-is. 
6. Components and the layout should be expressible in multiple media appropriate to the 

context. 
7. Designing and constructing the classroom as well as the activities provided within the space 

should accommodate a diversity of learning styles and interests. 

Some of these principles correspond to the idea of creating construction kits with “low 
!oors” (low barrier to entry, as expressed by the standard layout, standard components, and 
facilitation of tinkering), “high ceiling” (room for increasing sophistication, as in the modular 
extensibility), and “wide walls” (providing a wide range of activities and supporting diverse 
learning styles) (Resnick and Silverman 2005). 

Kronick 3 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

107
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Design 
e design process for ting-bing began in the spring of 2009 by "nding a partner high school to 
develop the initial ideas. I met with a group of students and their teacher at Prospect Hill 
Academy Public Charter School in Cambridge, MA once or twice a week aer school throughout 
the spring. During that time, I talked with them about architecture and asked them to share ideas 
that they had about what their ideal classroom might look like. ese interactions demonstrated 
to me that !exibility of the space was important as the school was small and popular classes and 
activities experienced a high level of volatility. It also challenged me to accommodate the many 
interests and skills present in this small but highly diverse group. 

At the end of the spring, I worked with fellow MIT architecture student Bill McKenna to develop 
a working design for the classroom based on what was learned. e design we came up with can 
be thought of as a collection of modular building systems: foundation, !oor, vertical structure, 
and roof. 

Exploded isometric drawing of the original classroom building systems. 
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e organization of the !oor plan itself was designed to accommodate recon"gurable learning 
“modules” that would plug in to a common “core.” 

Over the summer, we asked some of the students from the spring to join us in a series of 
workshops and actually build a life-size prototype of a portion of the design. Although we had a 
picture in our heads of what we wanted the students to produce and the sort of positive 
experience they might have, our sense of what and how the students needed to learn to get there 
was not very well informed. 

e output of the summer: a full-scale portion of a classroom prototype.


Most importantly, we learned that working in one media of full-scale construction - even if it was 

modular in nature - limited what could be learned and what could be communicated between the

different participants. For example, some of the students didn’t like working with power tools that
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were noisy and intimidating, while others relished that challenge. Painting the materials was a 
surprisingly popular activity, as it was both expressive and immediately accessible. e students 
also were used to working on projects that were desktop-sized or entirely computer-based and 
had a hard time thinking larger. Aer understanding more about the learning sciences and 
successful constructionist projects, it became clear that providing multiple modes of expression 
and engagement was an important next step. In architectural terms, I interpreted this as providing 
different scales of building activities centered on a common structure. is would hopefully 
“widen the walls” and “lower the !oor” (conceptually speaking, of course; the representations of 
the building would physically get smaller!) 

I then distilled the structure down into a smaller set of repeated components: 

textile roof 

spaceframe
hardware 

timber post 
post collar 

planter box
foundation 

floor tile 

• e textile roof enables the structure to be lightweight and more easily reused. It can be 
constructed or modi"ed using a sewing machine - a tool and skill set certain students might 
"nd more appealing and relevant to their existing interests. 

• A set of spaceframe hardware provides a recon"gurable building system of steel hubs and struts 
for students curious about the physics of architectural structures.

• Post collars provide an interface for clamping the spaceframe onto the timber posts which 
serve as columns and provide vertical structure.

• Planter boxes serve as the foundation for the structure, using the weight of soil to provide 
stability while still being temporary. e large !at sides of the planter box provide an 
opportunity for custom decoration through painting and the soil provides a garden for students 
to cultivate plants - two acts of creative construction very different from building structures. 

• e triangular !oor tiles provide a modular geometric grid for laying out the classroom. ey 
can be recon"gured, but their standard dimension lowers the barrier to thinking spatially by 
constraining the possible arrangements. Still, their large !at surfaces provide an open canvas for 
artistically inclined students to decorate. 
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In addition to providing life-size version of these components, I developed them in a virtual and 
model scale. Moving between these different modes of production and understanding the 
advantages of each is an opportunity to cultivate transmedia navigation skills (Jenkins 2006). 

Virtual components are provided as 3D CAD "les for Google SketchUp, a free and easy-to-use 
3D modeling program.  ese components are stored in the Google 3D Warehouse where they 
can be freely downloaded and imported into a student’s personal virtual model of the classroom. 
A large number of everyday and specialized objects are also available from the 3D Warehouse 
community, enabling a student to build a complex simulation of what could become a real 
learning space. In turn, the student’s creations can be shared again in the 3D Warehouse for 
others to modify, extend, or look to for inspiration. Here students can develop skills in 
appropriation and witness the building of a collective intelligence as they interact with what their 
peers have made (Jenkins 2006). 

Bringing components into SketchUp and building a 3D virtual classroom. 

e model kit facilitates tinkering with tangible “stuff” representative of the life size classroom. 
e scale factor of the model is exactly 1:8 of life size, making it tabletop-sized but still rather 
large. is is a scale factor larger than most doll houses and the same as the popular “"ngerboard” 
skateboard toys that skateboarders play with to build their own skate parks. At this scale, it was 
possible to model the assembly and disassembly processes of the classroom in a realistic way - 
using materials such as using magnets, drinking straws, and small steel spheres to simulate the 
connections of the spaceframe. Of course, "tting all the pieces on a single table allows for much 
faster and easier tinkering than working with the full scale. e model has advantages similar to 
working with LEGO bricks, but its speci"c components provide a meaningful connection to both 
the virtual and life-size mode of construction. As with the other building modes, artistic 
expression is encouraged through the inclusion of paints and blank surfaces for decorating. 
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e model kit packed into a compact case, and unpacked for tinkering with structure and space. Inset detail of magnetic 
space frame node. 

Building with the life size components allows students to construct a space that is both 
meaningful and visible to their community. e built space becomes meaningful through its 
connections to creative explorations in the virtual and model media, as well as the participatory 
nature of its construction. It is visible by virtue of its size, giving students a chance to display their 
creative and cognitive efforts for their local school and community publics. And at this size, 
teamwork is mandatory or nothing gets off the ground! 

An immersive, tangible experience that only building life-size can provide. 
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Learning Scenarios 
Melissa is a student that says she “hates math with a "ery passion,” but she likes to draw. Her 
teacher asks her if she would be interested in designing patterns for the !oor of the classroom on 
its equilateral triangle grid. is sounds interesting to her and she begins looking at triangular 
patterns online and in books at the library. She notices that different pattern styles and geometries 
tend to come from different cultures all around the world - they re!ect objects from those 
peoples’ everyday lives. She decides to draw her own patterns that incorporate symbols 
meaningful to her fellow students - iPods, cell phones, the !ags of their parents’ home countries, 
and the colors and icons of the subway system they use to get to school. She starts by sketching 
these onto model-scale !oor tiles and playing with the different ways to rearrange them. She 
carefully adjusts the lines so they !ow from tile to tile no matter how they are arranged. Finally, 
she works with her art teacher to blow up her drawings and make screen prints onto the full size 
!oor. In the end, she has constructed her own meaningful example of tessellations and symmetry 
and situated it in a cultural context of architectural ornamentation. She thought she was just 
drawing, not doing math, too! 

Jim, a student at another high school sees pictures of Melissa’s !oor tile designs aer she posts 
them on Flickr. He happens to be an experienced Scratch programmer and thinks he can make 
similar patterns by writing a computer program. He does this and sends his project to Melissa. 
She is delighted by the ability to quickly tinker with her sketches and makes some new tiles in this 
way. Jim lives near a FabLab and uses the output from his program to cut some of Melissa’s 
designs into plywood using a CNC router. From the CAD "les he designed, other students 
working with ting-bing make and install their own Melissa-designed !oors. From computer code, 
to virtual representations, to real sketches on models, to very tangible objects that make up the 
!oor beneath their feet, these students are learning how to navigate and collaborate across 
multiple media. 

Meanwhile, Jack is a Senior who has been accepted into an architecture college next year. He met 
Marcos, a friend from another state, at a summer design program and told him all about ting
bing. Marcos was excited by the idea, especially since his school is a drab, outdated, and 
uninspiring brick box. Jack and Marcos decide to work together on a design proposal for a new 
ting-bing classroom at Marcos’ school. ey trade SketchUp "les of their custom design back and 
forth using the 3D Warehouse. Marcos uses the 3D "les to convince a teacher to help him get 
materials for a physical model. He then uses the model to demonstrate to the school’s students, 
teachers, and administrators how the design could be put together and how it could be stored 
when not in use. Because Jack has experience working with the common components of this 
system, Marcos has picked up a few tips that make him sound very well informed: he notes that 
it’s especially important to consider how the room is oriented to the sun so that plants in the 
planter box foundations get the right amount of light to grow. A fellow student, Elise, likes 
gardening and volunteers to choose local native plants that will grow well in the dirt of the 
foundations. e administrators at Marcos’ school are impressed by the proposal and the 
students’ energy and agree to help make it happen. Marcos, Jack and Elise have demonstrated 
their ability to work together and become active advocates for the quality of their own 
environment. 
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Future Explorations 
Now that the ting-bing tools have been designed and some potential uses have been outlined, the 
next steps involve implementing and evaluating this system. 

e tinkering nature of the model kit makes it ideal for using in workshops with groups of 
students, teachers, and other potential designers. By going into schools and asking users to share 
their dreams for what their classroom could be through building with the model, I not only gain 
insight into the appropriateness of the tools, but I build familiarity in the schools with this system. 
If students are engaged and want to pursue playing with the building components further, they 
can work with the virtual models that are already available online or eventually through their own 
life size implementation. I would like to facilitate connections between different groups that are 
interested in pooling their skills to make this happen; workshops seem to be a great way to begin 
building such a community. 

Also in the interest of developing a community and encouraging collaboration, a project such as 
this requires a participatory website that allows students and teachers to post their creations for 
others to see. Fortunately, many tools for sharing this kind of media already exist via Google 3D 
Warehouse, Flickr, Instructables, or YouTube. I believe it would be wise for a community website 
to leverage these existing systems to connect to a wider audience. 

Finally, the speci"cs of how this system could "t into existing academic programs of high schools 
should be explored more. is should involve working with interested teachers to develop 
curriculum and lesson plans for a class that would focus on the opportunities of the ting-bing 
system. 
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Ecology Lab
Designed with our fearless leader, Mr. Moretti, the 
ECOLOGY STATION gives us the tools we need to study 
built and natural systems in the community around us.

Rooftop
Observatory

Soil
Test Kit

Living
Machine

Neighbor-
hood Map

Media Lab
Even a little technology can go a long way. Tools to 
document and  produce media from our activities & 
surroundings is a must. A mobile media kit allows US to 
roam and IT to pack up safely at night.

Mobile
Case

Green Screen
Mic

Roof:
Stretch some fabric, put it in ten-
sion, hold it down with cables for 
stability, keep out the rain, let in 
some soft light, and cut the glare.

Arches:
Hold up the roof with some nice 
curves.

Columns:
Raise the roof on some sturdy 
piers. Cover ‘em in fliers and let 
everyone know what’s up!

Anchor Boxes:
Fill these up with dirt for a 
sound foundation. Grow some-
thing nice while you’re at it!

Floor Tiles:
Three points to level means 
you’ll always wind up flat. Use 
this as a grid for planning.

Ring Truss:
A space frame to contain the 
force from the roof. A solid 
framework for clamping, 
hanging, lashing on whatever 
is needed. Breaks down into 
pieces for easy storage.

life size

...in thinking of what “Mathland” might mean,
the room, and not the computer screen, is 
the most tasteful and productive grain size 
of design for educational technology.

“
”(M. Eisenberg, “Mindstuff”)

build-your-own-space
to PLAY

build-your-own-space
to LEARN

(by playing!)

adventure
playgrounds:

adventure
classrooms:

ting-bing is a system of architectural 
building components that enable high school 
students to design and build their own learning 
space. It provides true physical immersion 
for the constructionist learner: students 
are encouraged to tinker, create, and share 
their own layout for the classroom or design 
learning modules that fit into a common core. 
All components are designed for dis- and 
reassembly, allowing successive groups of 
students to experiment with the joys of building.

common design language
facilitates sharing creations, 
promotes appropriation,
builds collective intelligence

Sam KronickMAS.714: Tech. forCreative LearningFall 2009

it’s the school building itself!

+

[ common core ] [ common components ]

Three ways to build are 
provided to maximize 
opportunities for creativity 
and expression of desires: 
virtual CAD design, 
physical modelling, 
and the rugged life-size 
structural components.

A library of plug-in modules provides 
activities for multiple intelligences. 
Student-designed modules can be shared 
and built by students at other schools 
using the common core.

Reading Room
We can all agree... sometimes you just need a space all 
to yourself. Curl up with a book or sketchpad and enjoy 
a bite-sized view!

Book
Storage

Cushions
Porthole

Views

Personal
Pods

Power Plant
The energy module allows us to experiment with green 
power! If we chart how much electricity our classroom 
uses, can we match it with energy from the sun and our 

bodies? Ride a bike to school and see!

Solar Panels

Energy
Chart

Battery
Bank

Bicycle
Generators

virtual

model

transm
edia navigation
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MAS.714J Fall 2009 
Final Project Proposal 
Sam Kronick 

In Mindstuff, Michael Eisenberg argues that "... the room, and not the computer screen, is the 
most tasteful and productive grain size of design for educational technology." This statement has 
resonated with me more than any other in the class so far for a number of reasons. First, he is 
refering to a way of thinking about educational technology that is intricately linked to the ideas 
of Papert's constructionism. Second, these constructionist theories mesh well with my own 
experience as a learner, and I see a progression in my own interests in building from the virtual 
scale to the object scale to an architectural scale. Third, while many have worked on creating 
"transitional objects" that are not just virtual but tangible, I am not aware of projects that 
explicitly link constructionism with the truly immersive potential of architecture - not even in the 
work of Eisenberg himself whose statement seems to suggest this to me. Plenty of constructionist 
projects provide kits for building things with which to fill rooms; I would like to explore the idea 
of a constructionist kit for building the room itself. 

Conveniently, moving in this direction will allow me to build off an existing project I began last 
spring. The main idea was to design and build a temporary outdoor classroom that could be built, 
rebuilt, designed, and redesigned by the students who use it. A history of this project is here: 
http://classroom.mit.edu/about/history/. For my final project, I want to reinterpret and redesign 
this project using the new tools and contexts I've learned in this class.  

When I began this project, I knew nothing about Papert's constructionism; I was working from 
my own intuition and experience alone. I would like now to analyze and adjust my design from a 
constructionist viewpoint. Specifically, I will consider the major topics of this class (i.e. 
constructionism, new media literacy, diversity and pluralism, tangible learning, communities of 
learners, reflection, etc) and elaborate on a portion of my existing work or design a new 
architectural-scale activity/object that addresses each area. How well do constructionist theories 
mesh with the construction of architecture? What elements of technology are appropriate to 
include at this scales? 

The product will consist of a written analysis of the project, illustrated diagrams of new 
architectural toolkit components, and plans for activities that could be implemented in 
workshops in the short term to further test these ideas. Recognizing that architectural 
experimentation can quickly become expensive, I will try to propose activities that can be done 
on a variety of budgets and with variable numbers of people collaborating perhaps both in person 
or remotely. 
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How are scientists thinking
mechanistically in the 21st century? 

Understanding Goals 
! The rapid advancement of technology and the accumulation of information are changing 

the patterns of scientific thinking and research in the 21st century. 
! Designing and creating novel organisms by combining various biological components 

from different cells is one way scientists think mechanistically in the 21st century. 
! Designing and creating Scratch projects using graphical programming blocks is one way 

students can display mechanistic thinking. 
! Identifying characteristics of successful scientist and their thinking patterns, help us 

become better (science) students by applying these skills to our own learning. 

Background Information 
Beyond the Scientific Method 
The scientific method has been commonly taught in science classrooms and textbooks as the 
only correct way to conduct scientific investigations. This leaves students with the impression 
that all of science proceeds in much the same way. Unfortunately, this view is not entirely 
accurate. Perhaps some scientists might conduct their work in this manner, but rarely do they use 
it in the stereotyped, step-by-step way that schools tend to teach it—despite the fact that 
scientists report their work in this way in journals. 
In fact, scientists throughout history conduct their research in a variety of ways. The exact 
approach a scientist uses depends on the individual doing the investigation as well as the 
particular question or problem being studied. Furthermore, scientists often engage in thinking 
patterns that are specific to its particular socio-cultural context 
21st Century Scientific Thinking Skills 
With the explosion of advancements in scientific knowledge and technology at the turn of the 
century, scientists at the cutting edge of research must adapt to new ways of interacting with 
their work. Five prominent scientific thinking patterns of the 21st century are: systems thinking, 
mechanistic thinking, interdisciplinary thinking, quantitative thinking, and distributed thinking1. 
In this lesson, students will explore what mechanistic thinking. 
Mechanistic Thinking 
It is a way of thinking that has a mechanical or engineering undertone. This is shown through 
scientists’ modular, synthetic, and purpose-driven approach towards their research problems. 
Due to recent developments in new technologies and knowledge, scientists are able to 
manipulate biology more directly, allowing them to engineer and create novel biological systems 
for practical applications. 

1 Liu, Y-T. D., & Grotzer, T. A. (2009). Looking forward: Teaching the nature of the science of today and tomorrow. In I. M. 
Saleh, & M. S. Khine (Eds.), Fostering scientific habits of mind: Pedagogical knowledge and best practices in science education 
(pp. 9-36). Rotterdam: Sense Publishers. 
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What is Synthetic Biology? 
The thinking involved in the field of synthetic biology is the best examples of mechanistic 
thinking. With the rapidly emerging field of synthetic biology, blurring the lines of biology and 
engineering, scientists are no longer limited to working with organisms that naturally exist in the 
world. Scientists often think synthetically by re-designing and constructing new organisms for 
practical and novel applications. 

Synthetic biology is an extension of genetic engineering. Some even describe it as a more 
sophisticated version of genetic engineering, taking into account a broader rational design 
perspective2. The engineering influence seeks out the simplicity in biological systems, and brings 
standardization and modular design principles to biology. 

Synthetic biologists can use interchangeable parts from natural biology to assemble systems that 
function in new ways, never existing before in living systems, hence synthetic. Modular circuit 
components (e.g. metabolic enzymes or fluorescent output genes) that are well characterized and 
can act independently of other cellular processes are used to build synthetic biological circuits. 
Much like the ease of using LEGO bricks—standardized bricks that can attach to any other 
part—synthetic biology starts from the use of standardized biological building blocks. 
The goal of synthetic biology is to both better understand how organisms function at the DNA, 
protein, and cell level by creating artificial biological systems, and to solve important real-world 
problems, the latter having caught the attention of scientists, politicians, and entrepreneurs. 
Promising fields of application include energy, environmental monitoring and remediation, 
biotech and pharmaceuticals, and materials fabrication. 

As pointed out in the detailed case study of Jay Keasling (one of the pioneers of synthetic 
biology), another key difference between synthetic biology and genetic engineering, is the 
complexity of products or task the engineered organism can produce and accomplish. Genetic 
engineering is typically limited to having microbes produce small proteins (e.g. insulin, growth 
hormones) by simply inserting a single gene, from a different organism, into a microbe. 
However, with synthetic biology, a complex interaction of several genes can be produced in a 
specified sequence, much like what goes on in a chemical plant: petroleum goes in, and after a 
whole chain of reactions, plastic comes out. 
Scratch 
Scratch (http://scratch.mit.edu) is a programming language for young people (ages 8 and up) that 
makes it easy to create interactive projects (e.g. stories, animations, games, simulations, music, 
and art) that can be shared on the Scratch website. It is highly conducive to learning and teaching 
21st century scientific thinking skills. 
The Scratch grammar is designed so that users are presented with a versatile collection of 
graphical programming blocks that they can be snapped together to create programs, much like 
LEGO bricks (and synthetic biology!). Connectors on the blocks suggest how they should be put 
together so that over the process of tinkering with these blocks, the emerging structure can give 
rise to new ideas and direction to the project. Not only does snapping together complimentary 
blocks provide an easy way into learning programming, but the idea of modularization as a 
problem-solving and design strategy is directly relevant to mechanistic thinking. 

2 Salisbury, M.W. (2006). Get Ready for Synthetic Biology. Genome Technology Magazine. Retrieved from http://www.genome-
technology.com. 
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In this lesson, Scratch is used to have students experience thinking mechanistically in their own 
work. And since programming involves the creation of external representations of the problem-
solving process, Scratch provides students with opportunities of reflecting on their own thinking. 
Lesson Layout 
These three lessons (one lesson per day) are designed to help students 1) understand how modern 
scientists think mechanistically, 2) practice thinking mechanistically by simulating how synthetic 
biologists think in the field, and 3) recognize mechanistic thinking even when it is not in the 
context of science, as in their own work via Scratch. 
Lesson 1 
Designed to familiarize students with the Scratch programming language so that they can create 
projects on it. At this point, Scratch is presented simply as a medium for expressing what they 
have learned, much like posters, Powerpoint presentations, and paper write-ups. 
Lesson 2 
Designed to expose students to the creative field of synthetic biology as a means to illustrate how 
scientists think mechanistically in the field. This is done by a case study of Jay Keasling, one of 
the pioneers of synthetic biology. By analyzing how a modern scientist work and think, students 
are provided with a broader view of scientific inquiry and the nature of scientific thinking. 
Students will be asked to demonstrate their understanding of what they have learned so far by 
creating a Scratch project. This allows students to work more closely and creatively with Scratch. 
It also acts as a quick formative assessment for teachers of students’ learning thus far. However, 
the real goal of this exercise is to have students engage in mechanistic thinking in their own 
work, which they may not recognize as it is not in the direct context of science. This will be 
revealed in lesson 3. 
Lesson 3 
Designed to have students practice thinking mechanistically by simulating how synthetic 
biologists think in the field via the Designing a New Microbe activity, adapted from an actual 
experiment conducted in 20073. 
This activity presents students with a problem (need for hydrogen gas as alternative fuel) and 
asks students to design a microbe that can use starch and water to make hydrogen gas. Students 
are given a set of organism cards to work with, each card symbolizing a different type of 
organism (bacteria, rabbit, yeast, archea, spinach, and mouse). Proteins (molecules that can 
convert one molecule into another) that are unique to each organism are listed on the card. 
Students’ engineered microbe will essentially have different proteins from different organisms, 
placed in a certain sequence, to end up with a final product of hydrogen gas. Students are given 
the Designing a New Microbe worksheet to help them visualize the problem better and reduce 
their cognitive loads (i.e. amount of information they need to carry in their heads). 
The activity allows students to discover that synthetic biology is a very mind-blowing field, 
accomplishing things that some people never thought was possible. Students will come to 
appreciate how seemingly impossible feats can be possible especially when scientists are 
thinking creatively. By thinking and working mechanistically, scientists have more freedom then 
before in designing and creating novel organisms for real-world applications. 

3 Zhang Y.H., Evans B.R., Mielenz J.R., Hopkins R.C., Adams M.W. (2007). High-yield hydrogen production from starch and 
water by a synthetic enzymatic pathway. PLoS ONE 5: e456. 
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After the activity, when students have grasped a much deeper understanding of what mechanistic 
thinking looks like in practice, students are asked to reflect on their experience with Scratch. The 
goal is to have students make the connection that they themselves have been engaging in 
mechanistic thinking while working on their own Scratch projects. This reflective exercise 
encourages students to transfer their understanding of mechanistic thinking across different 
domains. Students will also gain an appreciation of how studying trends in scientists’ way of 
thinking can help them in their own thinking. 
Lesson Placement 
These lessons can be used at the beginning of the school year when the scientific method is 
usually being presented. Alternatively, this lesson can be infused during the school year, as 
students learn more about genetic engineering or creative thinking. 
These lessons follow a constructivist approach to learning, encouraging students to discover the 
meaning of mechanistic thinking through their exploration of a case study, simulating how 
synthetic biologists think, and making connections to their own work in Scratch. Students are 
always encouraged to formulate their own ideas and connections before being presented with any 
information. 
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Lesson Plan: Day 1 
Materials 

" Computers with Scratch installed 
" Scratch Resources 

Prep Step 
" Review lesson plan, background information and understanding goals 
" Obtain computers with Scratch installed for students to work on 
" Make copies of Scratch Resources (not provided) 

Explore 
Step 1: Introduction to lesson 
Introduce the lesson by giving students a sense of what they will be doing and where they are 
headed, by telling students, “This will be a three-day lesson where we will be exploring how 
scientists think, and more specifically what mechanistic thinking looks like in practice. In this 
process, we will also be learning Scratch. We will tie everything together at the end of the third 
day.” 
Step 2: Playing with Scratch 
Depending on the level of your students and any future goals you wish to achieve with Scratch, 
structure the class so that students are comfortable navigating around the Scratch environment, 
and are able to get started on their own Scratch project by the end of the class. Please provide 
students with any Scratch resources you see fit. Check out the ScratchEd's resource search 
(http://scratched.media.mit.edu/resources/search) for more info. Some good examples found in 
ScratchEd of Scratch lesson plans (video tutorials, PowerPoints, and worksheets) include: 

•	 Having Fun with Computer Programming and Games 

(http://www.lero.ie/educationoutreach/secondlevel/scratchlessonplans/)


•	 A TeachNetUK Project: 6 Lessons on Getting Started with Scratch 
(http://www.teachnet-uk.org.uk/2007%20Projects/ICT-Scratch/Scratch/pages/8_schemeofwork.html) 

•	 Scratch Lessons: Shall We Learn Scratch Programming for Tweens 

(http://www.shallwelearn.com/scratchprogrammingforkidscategory)


•	 Designing Animations and Games—A Creative Introduction to Programming 

(http://www.cs.uni-potsdam.de/~romeike/UEWettbewerb/index-english.htm)


Make sure to also introduce students to the Scratch online community, and let them know that 
they can download the source code of any project to help them see how others are using the 
Scratch programming language to create projects. 

Review, Extend, and Apply 
Step 3: Scratch Assignment 
End the day by informing students that they will apply what they have learned today to create a 
mini-Scratch project for an assignment after the next day’s lesson. Emphasize to students that the 
goal is not to create a complex programming project, but to use Scratch creatively as a medium 
for creative expressing not matter how simple the project is. Encourage students to play with 
Scratch on their own time, and make it clear that you highly encourage them to borrow, adapt, 
and build upon the ideas and projects of others (this is not considered cheating). 
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Lesson Plan: Day 2 
Materials 

" 21st century scientist case study of Jay Keasling 
" Student notebooks or journals 

Prep Step 
" Review lesson plan, background information and understanding goals 
" Make copies of 21st century scientist case study of Jay Keasling (p. 8) 

Explore 
Step 1: What is scientific thinking? 
Ask students to describe what they think is scientific thinking. Collect a representative list of 
students’ thoughts on the board. Ask students to explain or expound on the meaning behind what 
they are saying. After reviewing the list, ask them, “ Do you think all scientists come to their 
discoveries in the same way,” “Do scientists display all these characteristics at all times?” It is 
important to point out to students that scientists have various methods going about their 
experimentation and work, and depending on the type of work they are doing, scientists don’t 
always share the same methods. Furthermore, scientists engage in thinking patterns that are 
specific to its particular socio-cultural context, and one of which is mechanistic thinking. 
Engage in a discussion with students on how might the explosion of advancements in scientific 
knowledge and technology at the turn of the century, change the way scientists at the cutting 
edge of research interact with their work. 

Step 2: Analyze case study of a 21st century scientist 
Let students know that they will be learning about the field of synthetic biology as a means to 
illustrate how modern scientists work and think. Specifically, they will be studying Jay Keasling, 
one of the pioneers of synthetic biology. 
Hand out the case study on Jay Keasling. Have students work in groups of 3-4 students to 
identify any patterns of thinking that the scientist displays. Make sure to ask students to 
specifically identify what part of the case study justifies their claims. Have students write the 
class findings in their journals/notebooks. 

Possible findings from case analysis: Jay Keasling 

Keasling is a pioneer of synthetic biology—a field that designs and constructs new 
organisms for useful purposes. He is most known for creating a microbe that produces a 
drug to treat malaria (making drugs from bugs). Some of his characteristics as a scientist 
include: 

•	 Creative and imaginative: wanted to invent new tools that can turn cells into 
chemical plants, take in something very simple and spits out something complicated 
and valuable, coming up with other applications of synthetic biology (use microbes 
to break down pesticides, make biodegradable plastics, create fuels from plants) 

•	 Critical thinking: thought about how to design and create microbes to produce 
artemisinin much quicker and cheaper, how to integrate genes from different species 
into a microbe to fabricate the drug 
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•	 Seek and integrate information: integrated methods and concepts from engineering 
and biology, leading to synthetic biology 

•	 Supported with significant resources: did research at universities and received grant 
money 

•	 Practical-minded: microbes will churn out anti-malarial drug for a fraction of its 
current cost, making it accessible to much more of the world, these microbes could 
save millions of lives 

•	 Strong disciplinary understanding: studied biology and chemical engineering 
extensively, leading to his PhD and professor position at UC Berkeley 

Step 3: What is mechanistic thinking? 
Introduce students to the idea of mechanistic thinking as a prominent thinking pattern in the 21st 

century. 

Mechanistic Thinking 

Mechanistic thinking is a way of thinking that has a mechanical or engineering undertone. 
This is shown through scientists’ regular use of mechanical analogies to conceptualize their 
work, and their modular, synthetic, and purpose-driven approach towards their research 
problems. The display of mechanistic thinking by scientists appears to be a result of the 
merging of biology and engineering practices that is increasingly observed in 21st century 
biology, as compared to a time when most of biology—traditionally known for its pure, 
basic research—remain clearly demarcated from engineering—a purely applied research 
field. A mechanistic way of thinking has come to the forefront of 21st century science 
because of recent developments in new technologies and knowledge that enable scientists to 
manipulate the object or organism they are working with more directly, allowing them to 
engineer and create novel biological systems for practical applications. 

Let students know that the work synthetic biologists do, often require them to think 
mechanistically. Now that students are given a definition of mechanistic thinking, have students 
revisit their case study analysis and explore how synthetic biologists might think 
mechanistically. 

Review, Extend, and Apply 

Step 4: Scratch Assignment 
Ask students to create a mini-Scratch project to demonstrate what they have learned so far (the 
project does not have to be all inclusive; students can choose to focus on just one thing they 
learned either about scientific thinking, mechanistic thinking, or synthetic biology). Emphasize 
to students that the goal is not to create a complex programming project, but to use Scratch 
creatively as a medium for creative expressing not matter how simple the project is. Encourage 
students to work with partners and collaborate by borrowing, adapting, or building upon the 
ideas and projects of others (this is not considered cheating). 
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Detailed Case Study 
Jay Keasling 

(1964 – present) 

Best known for: pioneering the new field of synthetic biology, which 
designs and constructs new organisms for useful purposes. He is also 
most known for creating a microbe that produces a drug to treat 
malaria (making drugs from bugs). 

Jay Keasling was raised on a farm, and spent his childhood exploring the practical 
side of biology, chemistry, and engineering. This background eventually led him to work in 
the rapidly growing field that uses living organisms like bacteria for various practical 
purposes, such as food processing, agriculture, and medicine. 

In the early 1980s, genetic engineering became popular because you can “convince” 
microbes to produce insulin, growth hormones, and other valuable proteins by simply 
inserting a single gene, from a different organism, into bacteria. However, Keasling 
believed that genetic engineering isn’t harnessing the full power of these cells. The 
production of molecules isn't always so simple; it requires a complex interaction of several 
genes (not just one) being produced in a certain sequence. So Keasling wanted to invent the 
tools that would allow him to create these kinds of genetic assembly lines. Thus, what goes 
on in a cell is a lot like what goes on in a chemical plant: petroleum goes in, and after a 
whole chain of reactions, plastic comes out. 

Keasling went to college studying biology and chemical engineering extensively, and 
got his Ph.D. in 1991. He is now a professor at the University of California at Berkeley. He 
spent his first 10 years at UC Berkeley building the new tools he would need to turn cells 
into chemical plants. He also invented powerful chemical switches (like a light switch) that 
allowed him to control when he wanted to “turn on” and “turn off” protein production in 
cells. This way of borrowing techniques from engineering and figuring out how to 
manipulate microbes came to be call synthetic biology. 

After years of perfecting his biological tool kit, Keasling wanted to find a real-
world use for it. In 2002 he learned of the dire need for artemisinin, a compound derived 
from the sweet wormwood plant, which is 90 percent effective against the parasite that 
causes malaria and has few side effects (malaria kills some 3 million people a year). 
However, extracting the drug from sweet wormwood is a slow and expensive process. 
Keasling figured he could design and create microbes to produce artemisinin much quicker 
and cheaper. Rather than wait months for sweet wormwood to grow on farms, Keasling 
wanted to create it simply by pouring sugar in a tank full of microbes that can use the 
sugar to make the drug via a chemical pathway he has designed—he wanted to integrate 
genes from different species into a microbe to fabricate the drug for malaria. 
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In 2006, Keasling's team (comprised of graduate students, post-docs, and research 
assistants) published their success of the production of artemisinin. It is expected to lower 
the cost of artemisinin production from a dollar per gram to just 10 cents. He was awarded a $43 
million grant from the Bill and Melinda Gates Foundation, and awarded DISCOVER 
magazine’s first ever Scientist of the Year Award. 

Fighting malaria is just one part of Keasling's larger agenda to explore the potential 
of synthetic biology. In his laboratory, students are engineering microbes to break down 
pesticides, make biodegradable plastics, and create ethanol and other fuels from plants. 

Excerpts of i interview w/ Jay Keasling 

1. You arrived at UC Berkeley in 1992 with training as both a chemical engineer and 
a biologist. What did you hope to do? 

2. Why hadn't anybody tried to engineer cells that way before? 

3. How did you get involved in your antimalaria project? 

Jay Keisling biography adapted from:

Zimmer, C. (2006). "Scientist of the Year: Jay Keasling." Discovermagazine.com. Retrieved from


http://discovermagazine.com/2006/dec/cover. 

© 2009 Yu-Tzu Debbie Liu 9 

See responses to these questions at

Zimmer, C. (2006). "Scientist of the Year: Jay Keasling." Discovermagazine.com. Retrieved from


http://discovermagazine.com/2006/dec/cover. 

Interview content removed due to copyright restrictions.  

Interview content removed due to copyright restrictions.  

Interview content removed due to copyright restrictions.  
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Lesson Plan: Day 3 
Materials 

" Designing a New Microbe worksheet 
" Organism cards 
" Student notebooks or journals 

Prep Step 
" Review lesson plan, background information and understanding goals 
" Photocopy Designing a New Microbe worksheet (p. 28) 
" Cut out organism cards (each group of 3-4 students will have a set of cards) (p.29) 

Explore 
Step 1: Designing a New Microbe 
Introduce today’s activity by saying, “You will be simulating how synthetic biologists think 
mechanistically by doing an the activity that is actually modeled after a real experiment done by 
scientists in 2007.” 
Divide students into groups of 3 or 4. Each group receives a set of organism cards. Each student 
receives a Designing a New Microbe worksheet. Remind students that proteins (or enzymes) are 
molecules inside cells that convert one molecule into another (e.g. the make-believe molecule 
How is converted to the molecule Home by Protein T in bacteria). 
Following the directions of the handout, have students create a kind of assembly line that 
integrate proteins from different organisms into a microbe that uses water and starch (inputs) to 
ultimately produce hydrogen (output). 

Possible answers to Designing a New Microbe 

There are two possible pathways that can lead to hydrogen production: 

1.	 Starch & water # Protein G # Protein P # Protein D # Protein R # Protein T #
Protein F # Protein H #Hydrogen 

2.	 Starch & water # Protein G # Protein P # Protein D # Protein H # Hydrogen 

Guide students along by encouraging students who have already figured out how to attempt the 
problem to reveal and share with the class how they are thinking through the problem. Stop 
students periodically to ask, “How are you thinking through this problem? What is your goal, 
and how is your thinking helping you reach that goal?” Students may find either working 
sequentially forward or backward to fill in the worksheet to be easier. 

Note to teachers: The hydrogen production pathway from starch and water is a shorten 
version of the actual 2007 experiment for learning purposes. The organism types and 
molecule names are true to the experiment. Protein names are made up for simplicity. 
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Step 2: Discuss students’ findings 
Have students tell you what they found as you write their findings on the board. Students may 
have discovered by now that there are two paths that lead to hydrogen production. Students 
might recall that Jay Keasling have done something similar by making an antimalarial drug from 
sugar using synthetic biology. 
Students may have also discovered that no proteins from the mouse organism were used for the 
design of their new microbe. Ask students, “what do you think is the purpose of having a mouse 
organism when we didn’t need it?” Help students understand how in reality scientists have 
hundreds of organisms to choose from, some of which are irrelevant to their work. In fact, a 
common skill that scientists share is being about to identify and pull together important and 
relevant information. 
The activity allows students to discover that synthetic biology is a very mind-blowing field, 
accomplishing things that some people never thought was possible. Students will come to 
appreciate how seemingly impossible feats can be possible especially when scientists are 
thinking creatively. By thinking and working mechanistically, scientists have more freedom then 
before in designing and creating novel organisms for real-world applications. 

Review, Extend, and Apply 
Step 3: How do you think mechanistically? 
Ask students to reflect on their experience with Scratch and how they might have engaged in 
mechanistic thinking in their own work. Helps students make the connection that they 
themselves have been engaging in mechanistic thinking while working on their own Scratch 
projects. 
The Scratch grammar is designed so that users are presented with a versatile collection of 
graphical programming blocks that they can be snapped together to create programs, much like 
synthetic biology. Connectors on the blocks suggest how they should be put together so that over 
the process of tinkering with these blocks, the emerging structure can give rise to new ideas and 
direction to the project. Not only does snapping together complimentary blocks provide an easy 
way into learning programming, but the idea of modularization as a problem-solving and design 
strategy is directly relevant to mechanistic thinking! 
Go on to discuss how they can apply scientists’ patterns of thinking to our own thinking in 
science class and daily life. 
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Name___________________________ Date ____________ 

Designing a New Microbe 

Task: Gas prices have reached its all time high! Thus scientists are trying to think of ways 
to produce alternative fuels, such as hydrogen gas, in a much cheaper and quicker way. You 
are a scientist and you are familiar with six different organisms. Based on what you know, 
can you come up with a way to generate hydrogen from starch and water by designing a 
microbe that borrows different mechanisms/proteins from different cells? Fill in the 
blanks with protein names and the organism that the protein was taken from. 

Materials: Each team has a set of cards, each card symbolizing a different organism. On 
the card, you will see the name of the organism, a picture of the organism, and proteins 
that is unique to them. Proteins (or enzymes) convert one molecule into another. 

Starch & Water # Protein borrowed: # Protein borrowed: #

Input   Organism:  Organism: 

Protein borrowed: $ Protein borrowed: $ Protein borrowed:  .
     Organism:   Organism: Organism: 

Protein borrowed: # Protein borrowed: # Protein borrowed: # Hydrogen
 Organism:   Organism:         Organism:       Output 

Experiment adapted from: 
Zhang Y.H., Evans B.R., Mielenz J.R., Hopkins R.C., Adams M.W. (2007). High-yield hydrogen production from 

starch and water by a synthetic enzymatic pathway. PLoS ONE 5: e456. 
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Organism Cards (one set) 

Teachers: Please make as many copies as the number of groups of students. Cut the cards 
out and shuffle before handing to students. 

Source: NIH 

Bacteria 

Rabbit• Protein T uses [X5P] to make [S7P] 

Photo: US Fish and Wildlife Service. • Protein F uses [S7P] to make [NADPH] 
• Protein G uses starch and water to make [G-1-P] 
• Protein P uses [G-1-P] to make [G-6-P] 

Yeast 

Public domain image. (Source: Wikimedia Commons) 

• Protein D uses [G-6-P] to make [NADPH] and [R5P] 

Public domain image. (Source: Wikimedia Commons) 
Spinach 

• Protein R uses [R5P] to make [X5P] 

Experiment adapted from: 

Archea 
Courtesy of Angels Tapias (License CC BY). 

• Protein H uses [NADPH] to make Hydrogen 

Source: NIH 
Mouse 

• Protein X uses [T8P] to make Hydrogen 

Zhang Y.H., Evans B.R., Mielenz J.R., Hopkins R.C., Adams M.W. (2007). High-yield hydrogen production from 
starch and water by a synthetic enzymatic pathway. PLoS ONE 5: e456. 
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How are scientists thinking 
mechanistically in the 21st century? 

Understanding Goals 
! The rapid advancement of technology and the accumulation of information are changing 

the patterns of scientific thinking and research in the 21st century.  
! Designing and creating novel organisms by combining various biological components 

from different cells is one way scientists think mechanistically in the 21st century. 
! Designing and creating Scratch projects using graphical programming blocks is one way 

students can display mechanistic thinking. 
! Identifying characteristics of successful scientist and their thinking patterns, help us 

become better (science) students by applying these skills to our own learning. 

Background Information 
 

Beyond the Scientific Method 
The scientific method has been commonly taught in science classrooms and textbooks as the 
only correct way to conduct scientific investigations. This leaves students with the impression 
that all of science proceeds in much the same way. Unfortunately, this view is not entirely 
accurate. Perhaps some scientists might conduct their work in this manner, but rarely do they use 
it in the stereotyped, step-by-step way that schools tend to teach it—despite the fact that 
scientists report their work in this way in journals.  
 

In fact, scientists throughout history conduct their research in a variety of ways. The exact 
approach a scientist uses depends on the individual doing the investigation as well as the 
particular question or problem being studied. Furthermore, scientists often engage in thinking 
patterns that are specific to its particular socio-cultural context 
 

21st Century Scientific Thinking Skills 
With the explosion of advancements in scientific knowledge and technology at the turn of the 
century, scientists at the cutting edge of research must adapt to new ways of interacting with 
their work. Five prominent scientific thinking patterns of the 21st century are: systems thinking, 
mechanistic thinking, interdisciplinary thinking, quantitative thinking, and distributed thinking1. 
In this lesson, students will explore what mechanistic thinking.  
 

Mechanistic Thinking  
It is a way of thinking that has a mechanical or engineering undertone. This is shown through 
scientists’ modular, synthetic, and purpose-driven approach towards their research problems. 
Due to recent developments in new technologies and knowledge, scientists are able to 
manipulate biology more directly, allowing them to engineer and create novel biological systems 
for practical applications. 

                                                
1 Liu, Y-T. D., & Grotzer, T. A. (2009). Looking forward: Teaching the nature of the science of today and tomorrow. In I. M. 
Saleh, & M. S. Khine (Eds.), Fostering scientific habits of mind: Pedagogical knowledge and best practices in science education 
(pp. 9-36). Rotterdam: Sense Publishers. 

Using	  Scratch	  to	  Teach	  21st	  Century	  Scien5fic	  Thinking	  Skills	  
Y.	  Debbie	  Liu	   	   	   	   	   	   	   	   	   	   	   	  Dec.	  9,	  2009	  

21st	  Century	  Scien/fic	  Thinking	  

Systems	  Thinking:	  Thinking	  with	  an	  awareness	  of	  
complex	  causal	  system	  
Mechanis/c	  Thinking:	  Thinking	  with	  a	  mechanical	  or	  
engineering	  undertone	  	  
Interdisciplinary	  Thinking:	  Thinking	  flexibly	  across	  
different	  disciplines	  	  
Quan/ta/ve	  Thinking:	  Thinking	  with	  mathema5cs	  	  
Distributed	  Thinking:	  Thinking	  beyond	  the	  individual	  
mind	  to	  involve	  other	  persons	  or	  technology	  

Scratch	  Lessons	  for	  Mechanis/c	  Thinking	  	  

1)  Help	  students	  understand	  how	  modern	  scien5sts	  
think	  mechanis5cally	  

2)  Have	  prac5ce	  thinking	  mechanis5cally	  by	  simula5ng	  
how	  synthe5c	  biologists	  think	  in	  the	  field	  

3)  Help	  students	  recognize	  mechanis5c	  thinking	  even	  
when	  it	  is	  not	  in	  the	  context	  of	  science,	  as	  in	  their	  
own	  work	  via	  Scratch.	  
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Role	  of	  Digital	  Technology	  

Three	  major	  reasons	  behind	  why	  digital	  technology	  should	  
be	  used	  to	  teach	  21st	  century	  scien5fic	  thinking	  skills:	  	  
1) Situated	  Learning:	  Learning	  is	  situated	  in	  the	  same	  

digitally	  rich	  culture	  in	  which	  the	  thinking	  skills	  are	  
developed	  and	  used	  by	  the	  scien5fic	  community	  

2) Crea/ve	  Thinking:	  Digital	  technologies	  lend	  well	  to	  
support	  crea5ve	  thinking	  

3) Digital	  Fluency:	  Digital	  fluency	  is	  cri5cal	  in	  our	  media-‐
rich	  par5cipatory	  culture	  
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Lesson	  1	  
Familiarize	  students	  with	  Scratch	  programming	  language.	  
At	  this	  point,	  Scratch	  presented	  simply	  as	  medium	  for	  
crea5ve	  expression.	  	  

Lesson	  2	  	  
Expose	  students	  to	  crea5ve	  field	  of	  synthe5c	  biology	  to	  
illustrate	  how	  scien5sts	  think	  mechanis5cally	  via	  case	  
study	  of	  Jay	  Keasling,	  one	  of	  the	  pioneers	  of	  synthe5c	  
biology.	  Analyzing	  how	  	  modern	  scien5st	  work	  and	  think	  
provide	  students	  with	  broader	  view	  of	  scien5fic	  inquiry.	  

Ask	  students	  to	  demonstrate	  their	  understanding	  of	  what	  
they	  have	  learned	  so	  far	  by	  crea5ng	  a	  Scratch	  project.	  

Lesson	  3	  	  
Have	  students	  prac5ce	  thinking	  mechanis5cally	  by	  
simula5ng	  how	  synthe5c	  biologists	  think	  in	  the	  field	  via	  
ac5vity	  adapted	  from	  actual	  synthe5c	  biology	  
experiment	  (designing	  a	  microbe	  that	  can	  use	  starch	  and	  
water	  to	  make	  hydrogen	  gas).	  
	  	  	  
Have	  students	  reflect	  on	  experience	  with	  Scratch,	  and	  
recognize	  they	  have	  been	  engaging	  in	  mechanis5c	  
thinking	  while	  working	  on	  their	  own	  Scratch	  projects.	  
Encourage	  students	  to	  transfer	  their	  understanding	  of	  
mechanis5c	  thinking	  across	  different	  domains.	  Gain	  an	  
apprecia5on	  of	  how	  studying	  trends	  in	  scien5sts’	  way	  of	  
thinking	  can	  help	  students	  in	  their	  own	  thinking.	  
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MAS.714J Fall 2009 
Final Project Proposal 
Y. Debbie Liu 

QUESTION 

How can technology be used to enhance students' 21st century scientific thinking skills? 

MOTIVATION 

Using the materials learned in this class, I would like to reframe the educational implications of my 
findings from an earlier study (Liu & Grotzer, 2009), which identified emerging patterns of scientific 
thinking in the 21st century—namely, systems thinking, mechanistic (engineering) thinking, 
interdisciplinary thinking, quantitative thinking, and distributed thinking. The advancement of 
technology has been the biggest driving force in changing the way scientists think in the 21st century, 
and it seems only appropriate to look at how technology can advance science learning, focusing on the 
five particular thinking skills. 

DESIGN 

I would like to limit my scope to a couple of educational technologies, one being Scratch (the other 
unknown yet...recommendations?), and investigate closely how these technologies can be used by 
science teacher’s to help students think and work with complex systems, work across disciplines (e.g. 
math, design), and to think outside the individual mind. 

SCENARIO 

I would like to also provide an example of a lesson plan to help illustrate exactly what this looks like. 

FUTURE DIRECTIONS 

I hope to incorporate this work into a paper that will be presented at the National Association of 
Research In Science Teaching (NARST) 2010 Annual International Conference. Additionally, more lesson 
plans can be created to help provide teachers with the materials and knowledge they need to bring 
educational technology into the classroom. 

WORKS CITED 

Liu, Y. D., & Grotzer, T. A. (2009). “Looking Forward: Teaching the Nature of Science of Today and 
Tomorrow. “ In I. M. Saleh, & M. S. Khine (Eds.), Fostering Scientific Habits of Mind: Pedagogical 
Knowledge and Best Practices in Science Education.  Sense Publishers.  pp. 9‐36. 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

147
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



MIT OpenCourseWare
http://ocw.mit.edu 

MAS.714J / STS.445J  Technologies for Creative Learning
Fall 2009    
 
 
 
For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms. 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

148
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN

http://ocw.mit.edu
http://ocw.mit.edu/terms


Elements of a Design Brief 

What problems/challenges are you are addressing 
What activities do you want to support 
What do you hope people will learn 

Existing approaches 
What’s already out there 
How existing approaches informed your work 
How are they lacking 

Design principles/rationale 
What guides your design 

 Examples: 
low floor, high ceiling 

  encourage collaboration 
  support multiple learning styles 

engage users in thinking about particular ideas/concepts 
  foster creative expression 

Design 
 Design constraints 

Design process: how it evolved 
Description of key features 
How it highlights key concepts, supports creativity 

Scenarios 
Provide concrete example (or two) of how people will use your design 

and discuss what they’ll learn as they use it  

Evaluation 
How did you introduce technology/activities to users 
How/what did they learn as they used it? 

Future directions 
Suggest next steps for your project 
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