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(Kalish, 2011) have given the chance to hobbyists and adopters of the do-it-yourself culture to experiment, design and
produce things moving gradually from “prototyping” to “manufacturing”. Moreover, it becomes evident that this
Commons-oriented, open source, collaborative experimentation with 3D printing has arguably dropped the costs and
improved the user-friendliness of 3D printing hardware and software making this technology more accessible than ever,
even to schools and young students.

This article is part of an ongoing research project that tries to tentatively examine to what extent and degree the tech-
nological capabilities of 3D printing could serve as a means of learning as well as a way of meaningful communication
amongst blind and non-blind students. This paper, which describes the first phase of this project, focuses on open source
3D printing, within the context of two high schools based in Ioannina, Greece, with particular reference to possible applica-
tions for learning. In total 33 students from one public and one private high school were called to collaboratively design and
produce, with the aid of an open source 3D printer and a 3D design platform, functional artifacts of their own choice.
Students were told that those artifacts, from stamps, cups and sharpeners to sophisticated toys, carrying messages in Braille
language, would be sent to blind fellow students.

Within the framework of constructionism we attempted to run our experimental project, document our experience,
discuss our findings and create an educational scenario in a narrative format that could be used, tested, criticized, enriched
and, hopefully, improved further. This paper begins with the formulation of our research questions as well as a brief review
of the relevant theoretical background. The methodological part follows with a description of our educational scenario as
well as some information on the schools where the project took place. We, then, discuss our experience through students’
creations concluding with recommendations for future research.

2. Research questions and theoretical framework

Nowadays students have grown up in a framework of constant connectivity and interactive culture and, thus, may have
different attitudes and understandings of concepts such as creativity, collaboration, communication and sharing (see only
Prensky, 2001, 2007; Rushkoff, 1996; and for a critical approach to the “digital native” concept see Bennett et al., 2008;
Bennett and Maton, 2010). This behavior should have arguably led to reforming the institutions of learning and education.
Since the 1980s, Seymour Papert (1980a,b, 1993, 1997), father of the LOGO programming language and key developer of con-
structionism, has been arguing that the social penetration of information and communication technologies (ICT) provides
individuals or communities with the means to develop and to implement new educational ideas. However, as Papert
(1997) points out discussing the penetration of computers in schools, learning institutions resist the reform by appropriating
or assimilating it to their own structures.

The main research question that guides our inquiry could be formulated as follows: What role could 3D printing and
design, along with the modern ICT, play in developing and implementing new educational ideas based on the principles
of constructionism? Therefore, from the aforementioned question a few sub-questions emerge: What kind of educational
environments could be created, fused with the values of collaboration and meaningful communication which are pillars
of the Commons-oriented, open source movement (as it is explained later)? Could these scenarios and environments be
considered as “objects-to-think-with” (Papert, 1993, p. 182), which would contribute to the social process of constructing
the education of the future? And last but not least —actually this was the main concern of the teachers, Christos Bitsis
and Loukianos Xaxiris, who participated in this first phase of our project- could such a media-based knowledge acquisition
contribute to the solution of problems observed in these high schools, i.e., lack of students engagement (personal commu-
nication with Bitsis and Xaxiris, April, 2013); theoretical teaching and textbook based instruction (personal communication
with Bitsis, Xaxiris, April, 2013); poor demonstration infrastructure available (personal communication with Bitsis, Xaxiris,
April, 2013); and students’ misconceptions about project-based learning (personal communication with Bitsis, Xaxiris, April,
2013). Regarding the latter point, it would be interesting to mention that although students were unanimously for a
hands-on, practical mode of learning they seem to highly underestimate the project-based courses held so far in their schools
(questionnaires and personal communication, 2013).

To tackle these questions we choose to develop our educational scenario based on the learning theory of constructionism
developed by Papert (1980a,b, 1993, 1997), Papert and Harel, (1991) and informed by Ackermann (2001), which emphasizes
the personalized production of knowledge artifacts as well as the social nature of the learning process:

constructionism - the N word as opposed to the V word - shares
constructivism’s connotation of learning as “building knowledge structures”
irrespective of the circumstances of the learning. It then adds the idea that this
happens especially felicitously in a context where the learner is consciously
engaged in constructing a public entity, whether it is a sand castle on the beach
or a theory of the universe (Papert and Harel, 1991, p. 3).

Similar to many prominent scholars in the philosophy of education (for example Jean Piaget, Lev Vygotsky, Paulo Freire or
John Dewey) constructionism maintains that students’ intellectual growth must be rooted in their experience (Papert,
1980b). Knowledge is not seen as a commodity to be transmitted but as a personal experience that has to be constructed
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(Ackermann, 2001). Our constructionist approach is informed, though, by Ackermann’s, (2001, p. 10) discussion on Papert
and Piaget where she argues for both “dwelling in” and “stepping back” in “getting such a cognitive dance going”. Echoing
Kegan (1982), Ackermann (2001) highlights not only the need to become embedded but also to emerge from embeddedness
for a deeper understanding of oneself and others. However, our approach remains constructionist in essence, since it focuses
more on the art of “learning to learn” and highlights the importance of media, conversations with artifacts and context in
learning (Ackermann, 2001; Papert, 1993). In our project students get the opportunity to engage in hands-on explorations
that fuel the constructive process (Ackermann, 2001; Papert, 1993) and, thus, constructionism offers us the appropriate
context.

Further, the ethics of the open source or Commons-oriented movement (see only Bauwens, 2005; Benkler, 2006, 2011;
Bruns, 2008; Kostakis, 2012; Lakhani and Wolf, 2005; Levy, 2001; Wark, 2004), which has created several media technolo-
gies of educational value (from free/open source software, say Moodle or Sugar, to free encyclopedia Wikipedia to open hard-
ware such as the Arduino micro-controller or low-cost 3D printers), could arguably provide a context for experimentation,
communication, collaboration, sharing and learning. Based on constructionism; inspired by the general values (i.e., free col-
laboration, autonomy, openness, learning by doing and peer learning, sharing of resources, producing use value for society
etc.) of open source/Commons-based communities’ production processes; and using open source tools (such as the 3D prin-
ter Ultimaker) whose internal structure can be easily studied, we attempt to create open educational environments.

With substantive, indeed massive techno-economic changes appearing in our life world, almost anything eventually
changes with them or adapts at least somehow (Perez, 2002) and this open source movement could be regarded as a man-
ifestation of a creative culture emerged from constant connectivity and interaction (Bauwens, 2005; Benkler, 2006, 2011;
Kostakis, 2012, 2013; Lessig, 2005, 2009). It has been stated that the open source movement shows “how cooperation
trumps self-interest — maybe not all the time, for everyone, but far more consistently than we have long thought”
(Benkler, 2011, p. 249). Therefore, in addition to the technical knowledge which may be gained, through such an environ-
ment students could arguably have a chance to realize that there are also possibilities for societal development based on
intrinsic positive incentives and voluntary efforts beyond competition and self-interest.

3. Educational scenario and methodology

The current paper tries to document the first of the three phases of our ongoing research project. Specifically, the first
phase includes a tentative effort to examine the educational sides of 3D printing and design in a small sample of high school
students. At the second phase, we try to create a network of collaborators, i.e., teachers and scholars from other schools (both
primary and secondary) and institutions (such as public centers of creative development) inside and outside the Greek bor-
ders who are willing to apply, test, criticize, enrich and improve further first phase’s educational scenario. In that way, hope-
fully, we will gain more experience, knowledge and insights increasing our sample, enhancing the educational scenarios and
building an open collaboration network. The third phase will contain the investigation of the communicational potential of
3D printing amongst blind and non-blind students.

Therefore, in this first, pilot phase we decided to approach two high schools, one public and one private. The main reason
we chose high schools was because of the “project course” that students of first and second class in Greece have. That is to
say, for two hours per week in students’ official curriculum there is a special course in which they are supposed to run
collaborative and/or individually two research-based projects in a school year. Exemplary topics could include the
documentation of old, forgotten professions or a discussion of social media technologies. According to the learning theory of
constructionism, when having children do their work using ICT, duration is key for students to become personally -
intellectually and emotionally - involved (Papert, 1980b). So, the existence of the project course gave us enough time to
implement our scenario but also covered for our inexperience with primary school students. Moreover, personal acquain-
tance with both the directors of the schools allowed full consensus easily as well as the appropriate cooperative environment
for such a project to run smoothly. We approached several other schools of the region, whose directors, unfortunately,
seemed unable to comprehend our goals and unwilling to cooperate.

The project began, on January the 23rd, 2013, with the private high school Dodonaia, based in Ioannina (a relatively small
city in north-western Greece), particularly with its second year class, consisted of 15 16-years-old students. The second
school was the 7th General Lyceum, a public high school, and the project took place in its first year class consisted of 18
15-years-old students. The collaborator teachers respectively were the physicist Loukianos Xaxiris and the ICT teacher Chris-
tos Bitsis responsible, amongst others, for the “project course”. In total we were in class approximately for 700 min in each
school while many students worked beyond school time as well. In addition, three open 3D printing days (April Saturdays’
mornings from 11:00 to 17:00) took place in our lab where students were present, discussing about necessary adjustments
and changes in their designs while watching theirs or others fellow students’ artifacts printing.

To begin with, the main learning goal was that students grasp the concept of 3D design using simplified software (there
are both very good, user-friendly free/open source and proprietary software available) and the basics of 3D printing as part of
a living experience (Dewey, 1997; Mooney, 2000; Papert, 1993). This concerns the application and further development of
skills from various fields such as engineering, design, linguistic (the software was in English and much information on the
web was in English as well) or artistic skills. Bearing in mind that students learn better if they are in charge of their own
learning processes (Freire, 2000, 2005; Papert, 1993), we let them explore the research procedures themselves performing
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their efforts, though within the framework of organized teaching. Another skill was that students should be able to use web
tools (such as email, office suites, browser-based software etc.) efficiently to present and support what they have learned and
share with others, as conversation plays a vital role in learning (Mooney, 2000; Papert, 1993). Therefore, students were
expected to be able to explore the process through trial-and-error; to learn to function in group collaboration and decision
making; and to engage in a creative way of thinking creating 3D objects.

To achieve these goals the learning activities that took place begun with an introduction of the concept of open source 3D
printing along with the idea of learning and improving through experiment, re-use and sharing. In more detail, through lec-
ture- and video-based classes students were introduced in the 3D printing technology and in the open source movement. We
attempted to demonstrate how through collaboration people can achieve certain goals as well as that self-interest is not the
sole purpose of society and economy. People can produce collaboratively (in contrast to competition) while satisfying their
inner needs for communication and learning (in contrast to considering money as a key motivating factor). The objectives of
this stage (duration 60-90 min) was students to pay attention; understand; respond; think critically; and participate in a
discussion on what humans can achieve when they cooperate with each other. The necessary hardware ideally includes com-
puters, a video-projector and a 3D printer. If available, it is desirable to download (there is a plethora of 3D models available
under Commons-based licenses) and 3D print a functional object in the class for demonstration, empowering children’s
motivation for the project.

Afterwards, students had to get familiar with their working environment, i.e., to learn designing (and thinking) in 3D
using specified, browser-based software. They had the choice to either learn the design software through special lessons
the platform offers or by a learning-by-doing process. Therefore, the students, once having been introduced in the context
of an open source 3D printer and got familiar with the software, were free to propose objects. On this basis, later, they
formed tentative working teams (from 2 to 4 persons, and two students worked on their own). In their decision to form
groups and take a final decision on the selected objects we asked them to take into consideration four points and try to cover
at least three of them (the first one was mandatory). Their object should be possible to be 3D printed on a low cost 3D printer
like ours (this predicates that they have understood its capabilities and limits); it should be novel, functional, and/or usable
by blind children.

Monitoring how students used the software, 80% opted to learn the software experimenting and tinkering, without fol-
lowing the lessons (almost 70% of this 80% took at least one lesson, though, but quit afterwards). Then, most of the students
who decided to design objects aimed for use by blind fellow students had to learn writing in the Braille language in order to
implement it on the design of their artifacts. As was mentioned above, the students were free to choose whether they would
design an object to be sent to the blind or not: 13 of the 16 objects, finally designed, were meant for use by blind people and 8
of them would carry messages in Braille, even though this was an optional condition. In this stage (400-500 min), the chil-
dren were expected to think creatively; experiment; adapt and perform creatively in small-groups, pairs or even individu-
ally. It should be emphasized that since they found that there was not enough time in class, most of them continued their
work at home, which, in our opinion indicates their commitment to the project.

The next learning activity contained the engagement of students in the printing process in which students had the chance
to see the flaws of their design and make the necessary adjustments for it to be printable. Because of the several shortcom-
ings the designs had, it took us more than 120 min, on average, to deal with each artifact. The 3D printing took place in our
lab and three persons had to be present to address students’ questions, to help them with suggestions while making the
appropriate adjustments for printing a functional object as well as using the 3D printer. This process could not be facilitated
at school, since it is very time consuming to print one object with our printer, let alone plenty. However most of the students
(28/33) were present, spending more of their personal time to help materialize their design.

In the last learning activity students would write reports on their artifacts (for instance why they chose such an object or
problems in designing and printing phases etc.) as well as provide some information on open source 3D printing (some
would investigate the mechanics, others the software, the used materials or the socio-economic impact) and take part in
an official school ceremony presenting in public their efforts. A general flowchart with basic steps of the project ensues
(Fig. 1).

The teacher (in every class at least one of the authors was present cooperating with the teacher) was the catalyst and
orchestrator of the learning process (Papert, 1980a,b, 1993). In the introductory, lecture-based classes the teacher explained
the concept of open source and the operation of 3D printing and 3D design, making the relation of these particular ICT tools
to general and course concepts, and triggered discussions with the whole class. Afterwards, the teacher was responsible to
facilitate and monitor interaction amongst students and courseware, and direct students learning by clarifying misconcep-
tions; providing vocabulary for concepts; giving examples of skills; modifying behaviors; suggesting further learning expe-
riences; providing an occasion for students to cooperate on activities; discussing their current understanding; and helping
them present their efforts publicly.

In the beginning of this project’s phase we gave students short, anonymous questionnaires of 18 questions (see
Appendix). This process took place in order to help us conceptualize the context and, therefore, transform the project into
something more suitable for the students, rather than to exclude any assumptions about the research question. For that
reason there was no validation required. The aim was to get an idea of how familiar and dependent students were with
and on ICT (i.e., computers, Internet, social media, open source projects, 3D printing), how much they liked the way lessons
are taught in school and whether they knew what the Braille language was. 73% had heard of the Braille language and the
same amount had already had an idea about what profession would like to study (almost half was for technical studies).



122 V. Kostakis et al./Telematics and Informatics 32 (2015) 118-128

Familiarization with the 3D
design process and
software

Introduction to the basic
concepts of the project

Documentationand
presentation of lessons
learned through the
experience

Experimentation. Trial and
error sessions with the 3D
printer. Artifacts produced

Fig. 1. Basic steps of the project at schools.

All 33 students were for a more practical, hands-on learning approach. Their favorite courses are physics and math (64% did
not find bland the way these lessons are taught) but not the project course which comes last in students’ preferences (2 out
of 33 voted for the project course as one of their two favorites lessons). Regarding familiarity with ICT, 82% of the students
had an account in, at least, one social media platform, 94% were using Wikipedia and 48% had heard, watched or read some-
thing about 3D printing. It would be interesting to note that in the private school all students owned a smart-phone or a
tablet whereas in the public a 45% had one. Another discrepancy in their answers was that in the public school 95% did
not consider school as a burden while in Dodonaia the respective percentage was 40%. In the long, semi-structured inter-
views and discussions we had - and still have — with teachers of both schools before and during the project, the crucial prob-
lems, from which the educational systems in Greece has been suffering (and recently with the deep socio-economic crisis
and the cuts in education the situation has deteriorated), came to the fore as documented in the previous section.

To sum up, the process used to create and study our educational scenario and its implementation is rooted in the qual-
itative research methodologies, namely the case study approach informed by both primary (i.e., questionnaires to students;
semi-structured interviews with teachers and students; and in situ observation) and secondary (i.e., literature review)
research. It should be emphasized that on the one hand our engagement and involvement into the development and the
application of the educational scenario in the two high schools might breed the possibility for biased interpretation of the
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Fig. 2. Schematic representation of the research framework. The vertical arrows stand for the “confrontation” of some particular issues, from which a
conclusion can be drawn (the horizontal ones).
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results. On the other, as insiders we had the chance to experience the complex relations with students and the educational
processes in class and, thus, arguably gain a sharpened understanding of why the instance happened as it did (Flyvbjerg,
2006). Based on Verschuren and Doorewaard (2005), a schematic representation (Fig. 2) of this paper’s research framework
follows so to gain a general understanding of the various steps towards the realization of our goal. Our research project is a
case study and, hence, what should be expected from such a study is to develop our partial answers to the research ques-
tions, which would be “input to the ongoing social dialogue about the problems and risks we face and how things may be
done differently” (Flyvbjerg, 2001, p. 61).

4. Artifacts and results

We assumed that 3D printing and design would motivate students express their ideas making them tangible and share-
able (Ackermann, 2001) via processes that stimulate students to make various connections related to the under creation arti-
facts. Selected examples of such processes are listed below:

e Learning to design and think in 3D.

e Researching material in Greek and in English about the Braille language.

o Exploring the mechanics of the objects to be designed or the open source 3D printers.

o Studying designs of similar objects made with conventional manufacturing techniques and understanding the engineer-
ing process behind them.

e Envisioning what blind people would need that 3D printing could deliver.

e Combining ordinary hardware with their 3D printed artifacts.

« Applying knowledge from different disciplines such as geometry, physics, architecture or the arts.

e Sharing their creations with the world under Commons-based licenses.

And as Papert (1993, p. 103) maintains ‘the more connections... made the more likely to be long-lasting’.

According to the teachers (personal communication with Bitsis, Xaxiris, April, 2013), who have been coordinating the pro-
ject course since its introduction in 2011, greater engagement by students along with a reduced need of discipline and less
disruption were observed. “My class consisted of generally uncooperative, especially concerning the project course, students
who, surprisingly enough, were very willing to engage in this particular project”, Xaxiris (personal communication, April,
2013) notes. “There were some fellow students that even surprised me”, a Dodonaia student (personal communication, April,
2013) emphasized echoing not only his teacher but also students from both schools. As Bitsis (personal communication,
April, 2013) told us, “this change is a result of children’s increased connection with the world (new ideas, literacies, technol-
ogies)... followed by an increase in their self-esteem”. Both teachers claimed for an increase in their esteem as well and
noticed an increased involvement by parents, since many of the latter showed a great interest for the project course. In addi-
tion, through the use of open source technologies, working approaches and licenses it was stated that “a sharing culture is
developed, i.e., child to child and school to society” (personal communication with Bitsis, April, 2013).

It would be arguably better to let the children’s creations speak for themselves. In total 16 + 1 artifacts were designed; the
plus one designed by a public high school’s third-class student, G., who upon hearing about the project asked to participate
despite his “hectic time and heavy workload” (G., who is dyslectic, designed a H,O molecule, calculating the right angles, that
can be studied and understood by the blind as he put Braille letters on the oxygen’s and hydrogen’s molecules) (Fig. 3).

Fig. 3. The molecule was ergonomically designed specifically for the blind by the student.



124 V. Kostakis et al./Telematics and Informatics 32 (2015) 118-128

As mentioned, 13 of the 16 objects were specifically designated for use by the blind although children were free to design
almost whatever they want (the remaining three are an airplane, an electric guitar and a sophisticated i-phone case). It could
be argued that every single artifact has a story to tell, therefore, we refer to all the 13 designs with a short description enliv-
ening our discussion. A few figures are provided for those objects whose design or function is difficult to be effectively
explained in words (all figures can be found on-line in our project’s blog).

The first object, designed by two students, is a 3D comic where the hero exclaims “save the world!”, written in the Braille
language. The forms are on purpose kept simple because, as students found out after some research, “blind people are unable
to understand complicated shapes such as windows, doors etc.; however, hopefully they can imagine the stars” (personal
communication, March, 2013). Three other students discovered on-line a 3D model depicting the Parthenon of the classical
ages and decided that blind fellow students need to know how Parthenon looks today. Hence, since this particular model was
distributed under a Creative Commons license, they were free to build on that after studying Parthenon’s current condition
(and through that its history), carefully dismantling classical times’ magnificent temple. Another object is a cup with the
message “drink me” in the Braille on it “to make drinking more fun for the blind”, as our young designers said (personal
communication, February, 2013). Moreover, small-scale 3D models, which could “help the blind understand the forms of
their surroundings”, to put it in students’ words (personal communication, March, 2013), of three, complementary touristic
sites of loannina (a mosque and a museum which are situated in the old castle of loannina) as well as the largest bridge in
Greece were made by three different groups. In addition, a group of four students came up with a stamp on which one can
read in Braille the text “7 TEA” (the name of their school in Greek) which is found underneath. In other words, this is an
analogue “way of translating the Braille language”, as one of the four highlighted (personal communication, March,
2013). In this artifact students had to make several adjustments for it to be functional since our 3D printer creates the object
layer-by-layer and the design’s geometry had to take into consideration the necessary support infrastructure (Fig. 4).

Furthermore, some novel ways of combining conventional hardware with 3D printing modules are manifested through
the sharpener and the Rubik’s cube projects. To begin with, the sharpener (Fig. 5) was created by two students with the
aim to offer the blind the possibility, with special symbols, to understand sharpener’s geometry and, thus, easily sharpen
a pencil and make efficient management of the waste. Therefore, after 3D printing the three modules, a typical razor had
to be added. Two other students attempted, and to our surprise succeeded, to create a working Rubik’s cube using Braille
language’s letters instead of colors. They managed to set functional the printed object with synthetic rubber by carefully add-
ing small holes diagonally in each part of the design (Fig. 6).

An informed version of the old sand-timers for use by the blind was another object produced by a group of two students.
Instead of sand they used marbles to produce sound while counting the time. Their design has a few small holes scattered on
its surface so as to not trap the sound (Fig. 7). Moreover, two students noticing a lack of board games for the blind decided to
create a Braille-based Sudoku board. They came up with a novel way of playing the Sudoku game creating extra tiles with
numbers in Braille that offer replay value (Fig. 8). And last but not least, the solar system (Fig. 9) was one of the most intrigu-
ing objects made by a student “who although extremely talented and clever - a national chess champion in his age -, never
cared much about school” (personal communication with Xaxiris, April, 2013). Still we are unable to functionally 3D print it
because of its complexity which seems to seriously challenge our knowledge in 3D design and printing. The student had to
realistically adjust his model in scale, therefore, various complex calculations had to be made. Then, he wrote on each planet
the first letter in the Braille language in order to allow the blind to experience the solar system’s structure.

Most of the objects have already been 3D printed and are functional. However, even for those (like the solar system)
which remain in pixels (but we are trying to turn its bits into atoms), the design phase itself was of great interest for all
the participants (personal communication with Bitsis, Xaxiris, April, 2013). More important than to successfully 3D print stu-
dents’ creations was to have them present during the process to discuss the problems and make necessary adjustments
directly and in real time. We had the chance to experience this creative interaction with most of them, and see in their eyes
the disappointment, when 3D printing proved devastating, but also the exhilaration and satisfaction when, after several
adjustments and much (co-)calibration, we managed to get functional objects. Overall, all have shown great engagement

Fig. 4. The stamp went through several modifications to reach its final form.
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Fig. 5. A razor and some glue were needed for the sharpener to be complete.

Fig. 6. The students painted the sides of the cube to make it functional for non-blind people.

Fig. 7. Instead of sand several materials were tested to reach the desired sound effect.

and care for their design and many have contacted us or appeared on our lab after the project’s end to inquire the printing
processes and other future projects. This has provided us with a clear indication that 3D printing, and other open source
technologies, can have a meaningful impact in a classroom by allowing students to tap in their creativity while exploring
communities whose goal is the sharing of information and knowledge. Of course, this remains a subjective interpretation
which was shared, at least, with students’ teachers with whom we will collaborate during the next school year.
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Fig. 8. This artifact required a lot of math skills both for the game itself but also for the appropriate sizes of the parts.

Fig. 9. This design incorporated knowledge from several principles.

5. Conclusions

Echoing Papert (1993, p. 216), this research project does not, and cannot, single-handedly invent mega-change but seeks
to participate in its emergence. The case studies of the first phase were realistically modest in scale and were offered not “as
exact pictures of the future but rather as an intimation of the rich potential that the future might hold” (Papert, 1993, p. 6).
Through this three-month educational experiment we attempted to shed light on the effects 3D printing could have as a
learning tool, helping students to become literate, i.e., to think differently than they did previously and, thus, see the world
differently (Freire, 2000, 2005; Papert, 1993).

This was not a process without challenges. First of all, there are differences at the level of technological literacy among
students. Despite the fact that most possess basic skills in ICT, some are more “engaged” than others, creating an uneven field
in the classroom. To tackle such a challenge the teacher needs to distribute his focus accordingly so that all students achieve
the same level of understanding and knowledge gained. This was further evident in our case study, since the equipment used
exceeds that of standard ICT classes. It demanded first the familiarization of the teachers with the 3D printer and extra cau-
tion in the explanation of key concepts and principles, so that all students could proceed without falling behind. In addition,
allowing the students to create an artifact with very few restrictions, resulted in a wide variety of objects that made it chal-
lenging to provide proper consultation on the various obstacles that occasionally appeared. However, through dialog and
experimentation, but also information available on the Internet, these obstacles were overcome. Further, the cost of such
equipment (3D printer) currently limits the possibility of acquiring several units for the convenience of students. Even in
our case where an open source 3D printer was used, whose cost is significantly lower than the proprietary ones, the schools
found it difficult to apprehend one. Also, technical issues demand further familiarization of the teachers with the hardware
and their keeping up with advances in technology. These advances will eventually allow for cheaper, faster and more
accurate 3D printers to find their way into schools.

Our overall experience was certainly positive arguing that 3D printing and design can electrify various literacies and
creative capacities of children in accordance with the spirit of the networked, interconnected, information-based world.
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We have seen that students, who were otherwise indifferent (according to them and their teachers) about their project class,
when given proper stimulation and the necessary tools can choose what to learn themselves through exploration. Thus,
addressing our initial question, modern ICT can help in creating a lively environment in a classroom where, as in our case,
students may truly engage in the whole process by materializing an artifact out of a mere idea. Then proudly share their
results with others while they acquire knowledge instead of dry information out of textbooks.

Of course, more research needs to be done in different frameworks and contexts than ours focusing not only on open source
3D printing but also on other open source hardware such as the Arduino micro-controllers. And there are three main reasons for
that: first, open hardware is cheap and hi-tech; second, it is open and, thus, can be easily studied and modified to serve certain
educational purposes; and third, it is a product that celebrates the power of human cooperation. In addition, as already stated in
this article, the communicational aspect of 3D printing (especially in the context of the blind and non-blind) along with the glo-
bal, Commons-oriented information production (for example, the ability to design globally but produce locally) will be one of
our next research pathways. We would be happy to see other efforts in that or even alternative directions, sharing, however, the
goal to educate children so they can creatively face a future that we may never see.
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Appendix A

Descriptive table of students’ answers.

Question Dodonaia School 7th General Lyceum Total

1. How much time do you 0-1h 1-2h 2-3h >3h 0-1h 1-2h 2-3h >3h 0-1h 1-2h  2-3h >3h
spend on the computer
every day?

1 5 5 4 4 6 6 2 5 15% 11 33% 11 33% 6 19%

2. How much of this timedo Oh 1/2h 1h >1h Oh 1/2h 1h >1h O0h 1/2h 1h >1h
you spend for something
related to school?
9 1 4 1 8 4 6 0 17 52% 5 15% 10 30% 1 3%

Yes No Yes No Yes No

3. Do you think that the way 6 40% 9 60% 6 33% 12 67% 12 36% 21 64%
these two courses are
taught is tedious?
4. Do you consider school as a 9 60% 6 40% 1 5% 17 95% 10 30% 23 70%
burden?
. Have you decided what 10 67% 5 33% 14 78% 4 22% 24 73% 9 27%
kind of academic career
you will follow?
6. If yes, is it something 9 60% 6 40.0% 9 50% 9 50% 18 55% 15 45%
related to technology?
. Would you prefer a more 15 100% 0O 0% 18 100% O 0% 33 100% 0 0%
practical, hands-on
learning approach?
8. Do you own a smart phone 15 100% O 0% 8 45% 10 55% 23 70% 10 30%
or tablet?
9. Do you use any social 14 93% 1 7% 13 72% 5 28% 27 82% 6 18%
network (e.g. facebook,
twitter)?
10. Do you use Wikipedia? 15 100% 0O 0% 16 89% 2 11% 31 94% 2 6%

w

~

(continued on next page)
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Appendix A (continued)
Question Dodonaia School 7th General Lyceum Total
11. Did you know that 13 87% 2 3% 15 83% 3 17% 28 85% 5 15%

Wikipedia is an
encyclopedia created by
volunteers?
12. Do you know what is the 5 33% 10 67% 6 33% 12 67% 11 67% 22 33%
free software/open source
software?
13. Have you ever used any 2 13% 13 87% 3 17% 15 83% 5 15% 28 85%
application of the free
software/open source

software?

14. Have you ever heard of 3D 9 60% 6 40% 7 39% 11 61% 16 48% 17 52%
printing?

15. Do you enjoy sharing 13 87% 2 3% 14 78% 4 22% 27 82% 6 18%
things?

16. Have you ever heard of the 12 80% 3 20% 12 67% 6 33% 24 73% 9 27%
Braille language?
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with an Impact on Smart Cities
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Introduction

Today, the majority of human beings are city dwellers. In this increas-
ingly urbanized world, smart cities are emerging as an alternative city
model to tackle several environmental, economical, and societal issues.
Although there is not any compact and agreed-upon definition of smart
cities, cities are generally defined as “smart” when they are infused with
information and communication technologies (ICT), and a social infra-
structure that promotes sustainability and active engagement of citizens
(Caragliu, Del Bo, & Nijkamp, 2009). In the current environment, rap-
idly progressing ICT and the subsequent emergence of peer-to-peer (P2P)
infrastructure are giving rise to potentially limitless innovation that can
be implemented in cities to improve efficiency and connectivity.

To be more precise, P2P infrastructure is that infrastructure for com-
munication, cooperation, and common value creation that allows for
permission-less interlinking of human cooperators and their technologi-
cal aids. We argue that such infrastructure is becoming the general con-
dition of work, life, and society with the potential to reshape the idea of
the “smart city.” P2P relational dynamics, which epitomize the old slo-
gan “Jeder nach seinen Fahigkeiten, jedem nach seinen Bedirfnissen!”
(From each according to his ability, to each according to his need!), are
based on the distribution of our productive forces.

First, the means of information, immaterial production (i.e., the net-
worked computers) and now the means of physical, material production
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Urban Reconfiguration 117

(i.e., machines that produce physical objects) are being distributed and
interconnected. Just as networked computers democratized the means of
production of information and communication, the emergent elements
of networked microfactories or what some (see Kostakis, Fountouklis,
& Drechsler, 2013) call desktop manufacturing, such as three-dimensional
(3-D) printing, are democratizing the means of production.

Of course, this is not by any means an unproblematic process. In a
period of extreme socioeconomic polarization and lacking any equilib-
rium regarding the global governance of the Internet (Mueller, 2010),
we have been witnessing conflicts for the control and ownership of dis-
tributed infrastructure. On the one hand, commons-based peer produc-
tion signals fundamental changes in value creation, especially when
juxtaposed against an old order that is in decline (see Bauwens, 2005;
Benkler, 2005; Kostakis, 2013). On the other hand, the proposed leg-
islations of Anti Counterfeiting Trade Agreement (ACTA)/Stop Online
Piracy Act (SOPA)/Protect IP Act (PIPA) enforce strict copyright within a
regulatory regime that polices transactions beforehand instead of after-
ward (Boyle, 1997). Furthermore, the attempt for surveillance and cen-
sorship by both authoritarian and liberal countries, and “the growing
tendency to link the Internet’s security problems to the very properties
that made it innovative and revolutionary in the first place” (Mueller,
2010) are only some reasons that have made scholars, like Zittrain
(2008), worry that digital systems may be pushed back to the model of
locked-down devices centrally controlled information appliances.

Hence, a battle is emerging among agents (several governments and
corporations) that are trying to turn the Internet into a tightly controlled
information medium, and user communities that are trying to keep the
medium independent (Kostakis, 2013). This battle certainly affects the
design processes of smart cities as well, because it has a direct relation
with the involved stakeholders.

This chapter attempts to simplify possible outcomes by using two axes
or polarities that give rise to four possible scenarios (see Figure 7.1) and
then tries to adapt the evolution of the smart city in this context. The
chapter concludes by drawing some assumptions about what should
determine the ideal selection for a smart city.

The Two Axes and the Four Quadrants

The first axis concerns the polarity of centralized versus distributed
control of the infrastructure; the second axis relates to an orientation
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Centralized
NC GC
Capital Commons
DC RC
Distributed

Figure 7.1 The four quadrants of future scenarios.

toward the accumulation or circulation of capital versus an orientation
toward the accumulation or circulation of the commons.

First, we introduce the concepts of “netarchical” and “distributed cap-
italism.” Before describing in detail the two forms that shape this emerg-
ing model, it is important to highlight their basic ditference. Netarchical
and distributed capitalism may both be profit oriented, but they are also
based on various technological regimes’ dependence on the structure of
every project’s back end. User-oriented technological systems generally
have two sides. The front end is the side that users interact with, and
the only side visible to them. The back end, however, is the technologi-
cal underpinning that makes it all possible. This is engineered by the
platform owners and is invisible to the user. Hence, a front end that
enables a P2P social logic among users can often be highly centralized,
controlled, and proprietary on the back end; forming an invisible tech-
nosocial system that profoundly influences the behavior of those using
the front end, by setting limits on what is possible in terms of human
freedom. Then, we present the remaining quadrants, that is, resilient
communities and global commons whose ultimate goals are commons
driven.

Netarchical Capitalism (NC)

We define “netarchical capitalism” as the first combination (upper left)
that matches centralized control of a distributed infrastructure with an
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orientation toward the accumulation of capital. NC is that fraction of
capital that enables and empowers cooperation and P2P dynamics, but
through proprietary platforms under central control. While individuals
will share through these platforms, they have no control, governance, or
ownership over the design and the protocol of these networks/platforms
(e.g., Facebook or Google). Typically under conditions of NC, sharers
will directly create or share use value, but the monetized exchange value
will be realized by the owners of capital. While in the short term it is
in the interest of shareholders or owners, this also creates a longer-term
value crisis for capital, because the value creators are not rewarded, and
have no purchasing power to acquire the goods that are necessary for
the functioning of the physical economy.

Distributed Capitalism (DC)

The second combination (bottom left), called “distributed capitalism,”
matches distributed control but with a remaining focus on capital accu-
mulation. The development of the P2P-driven currency Bitcoin and the
Kickstarter crowdfunding platform are representative of these devel-
opments. Under this model, P2P infrastructure is designed in such a
way as to allow the autonomy and participation of many players, but
the main focus rests on profit making. In Bitcoin, all the participating
computers can produce the currency, thereby disintermediating large
centralized banks. However, the focal point remains on trading and
exchange through a currency designed for scarcity, and thus must be
obtained through competition. Furthermore, Kickstarter functions as a
reverse market with prepaid investment. Under these conditions, any
commons is a by-product or an afterthought of the system, and per-
sonal motivations are driven by exchange, trade, and profit. Many P2P
developments can be seen within this context, striving for a more inclu-
sionary distributed and participative capitalism. Although they can be
considered as part of, say, an antisystemic entrepreneurialism directed
against the monopolies and predatory intermediaries, they retain the
focus on profit making. Distribution, here, not meant locally, though,
as the vision is one of a virtual economy, where small players can have a
global compact, and create global aggregations of small players.

Resilient Communities (RC)

Distributed control with a focus on the commons is what we call the
“resilient communities” (bottom right). The focus here is mostly on the
relocalization and re-creation of local community. It is often based on
an expectation for a future marked by severe shortages of energy and
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resources, or in any case, increased scarcity of energy and resources, and
takes the form of lifeboat strategies. Initiatives like the Degrowth move-
ment or the Transition Towns, a grassroots network of communities, can
be seen in that context. In extreme forms, they are simple lifeboat strate-
gies, aimed at the survival of small communities in the context of gener-
alized chaos. What marks such initiatives is arguably the abandonment
of the ambition of scale while the feudalization of territorial integrity is
considered mostly inevitable. Even though global cooperation and web
presence may exist, the focus remains on the local. Most often, political
and social mobilization at scale is seen as not realistic, and doomed to
fail. In the context of our profit-making versus commons axis, though,
these projects are squarely aimed at generating community value.

Global Commons (GC)

This approach (upper right) is against the aforementioned focus on the
local, focusing on the global commons. Advocates and builders of this
scenario argue that the commons should be created for and fought for
on a transnational global scale. Although production is distributed and
therefore facilitated at the local level, the resulting microfactories are
considered as essentially networked on a global scale, profiting from the
mutualized global cooperation both on the design of the product and on
the improvement of the common machinery. Any distributed enterprise
is seen in the context of transnational phyles, that is, alliances of ethi-
cal enterprises that operate in solidarity around particular knowledge
commons. In addition, political and social mobilization, on regional,
national, and transnational scale, is seen as part of the struggle for the
transformation of institutions. Participating enterprises are vehicles for
the commoners to sustain global commons as well as their own liveli-
hoods. This latter scenario does not take social regression as a given and
believes in sustainable abundance for all humanity.

Discussion

These four scenarios differ in their vision for the prime focus of the accu-
mulation of value, either for the benefit of global shareholders, for a
network of small for-profit enterprises, for the local community, or for
transnational commons. It can be argued that the prevalence of each sce-
nario will have different impacts on the smart city model to be adopted.

All four scenarios take the existence of P2P-enabling infrastructure as
a given, and mutualize both immaterial and material resources to obtain
economies of scope. Indeed, while economies of scale are advantageous
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in the context of temporal eras dominated by an abundance of resources
and energy—that is, producing more of a thing creates competitiveness—
economies of scope become essential in periods of increased energy and
resource scarcity—that is, doing more with less. Open source is mutual-
ization of immaterial resources such as knowledge, which become opera-
tive for the whole of humankind, rather than fragmented and privatized
through intellectual property. The mutualization of physical resources
increases the efficiency of resource and energy use, and combats the idle-
ness of physical resources and the waste that is inherent in fragmentation.

The new P2P production modalities are global-local (or glocal). While
they enable production at the local scale through microfactories using
distributed manufacturing technologies, both the knowledge work on
the product and on the machinery can be global. As a general rule, one
can say that the principle is this: “what is heavy is near, what is light
is far”; thus we design global, but manufacture local responding to cer-
tain needs. Cooperation on the immaterial productive processes (i.e.,
design) is maximized, but the global transportation of material good is
minimized. This new productive model should be carefully considered
during policy making for urban development as it can have a profound
impact on the city itself.

In our four scenarios, what ditferentiates the strategies are first of all,
the aim of the cooperation, that is, are they aimed at capital accumu-
lation, or at improving the circulation of the commons? And second,
where is the focus of control? Is control distributed through free self-allo-
cation by commoners who can atfect the governance and design of their
infrastructure of cooperation? Or is the design of the infrastructure in the
hands of centralized privately owned platforms? The answer to the these
questions will probably define the final form of the so-called “smart city.”

If we want to locate the “smart city,” as it is conventionally under-
stood, in the context of our scenarios, we should look at the top-left
quadrant of netarchical capitalism (see Figure 7.1). What we have for
the time being is smart cities in terms of ICT deployment and not actual
smart urbanism. Citizens are able to contribute by providing “big data,”
which are gathered from the utilization of an array of sensors through-
out a city, to offer governments/firms solutions to their needs. But as
it happens in this scenario, control and governance in today’s smart
cities are located within a single proprietary hierarchy, where the main
motive is profit maximization. As a result, it is questionable whether
citizens actually take part in the decision-making process, in order to
meet their true needs, or just constitute another source of information
without knowledge and influence at the back end.
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The circumstances could be slightly different in the distributed capi-
talism scenario, where control is located in the network of participating
for-profit entrepreneurs. Here, citizens may enjoy an increased capac-
ity to influence the shaping of smart city infrastructure, leading to
more transparent and democratic decision making for specific issues.
However, profit maximization remains the ultimate goal for all parties
involved. This can, arguably, have a negative impact on the aforemen-
tioned decision-making process and lead to unsustainable outcomes.

The further we move toward the right quadrants, those of resilient
communities and global commons, the higher the potential for bottom-
up civic engagement and support of citizen empowerment and user-
driven innovation. In the local community model, control is located
in a particular geographical territory, and depends on the governance
model] of the initiating community. The adoption of this scenario while
planning a smart city—or even a smart town—could lead to successful
practices, as designing in a smaller scale includes strong predefined goals
that can be bounded with measurable results and quick decision mak-
ing. Contrary to similar interventions in big cities, a small area means
a smaller chance for failure. However, the knowledge and know-how
produced in this case may not be widely applicable or even available
for adoption elsewhere, due to the fact that it is locally oriented. This
potentially hinders the circulation of the commons and the subsequent
diffusion of innovation regarding smart cities.

At the grander scale of the global-local commons model, governance is
located in the triarchical model of the community practicing the social
self-allocation of resources, of the for-benefit associations that manage
the physical infrastructure of cooperation (e.g., the multitude of Free/
Libre Open Source Software Foundations) and of the entrepreneurial
alliance that cooperates around the same commons. In this model, it is
essential that the commons orientation is guaranteed by new govern-
ance models of the participating entrepreneurs. For example, in the case
of the largely corporate Linux Commons, open source code commons
are clearly integrated in the processes of capital accumulation of the
participating for-profit enterprises. A countermodel would require the
creation of commons-friendly, ethical enterprises, consisting of the com-
moners themselves, who also control their own governance and have
ownership. Such enterprises would be legally structured so that theirs is
an obligation to support the circulation of the commons. We suggest a
plural form of ownership that combines maker ownership (i.e., a revis-
iting of worker ownership for the P2P age), with user ownership (i.e.,
a recognition that users of networks co-create value, and eventually a
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return for the ethical funders that support the enterprise). In this model,
profit making is allowed, but profit maximization remains a taboo.

The manifestation of the smart city in this scenario is highlighted
by wide citizen engagement while designing and implementing inter-
ventions and an ongoing circulation of the commons, which promotes
continuous innovation and knowledge diffusion. In this case, the pro-
duction of commons on a global scale will lead to a more sustainable
city model, which could perform better than the current dominant
model while solving a number of systemic problems.

To enhance user participation, the creation of a unique culture is vital.
This can be accomplished through implementing small-scale, low-cost
actions that have little bureaucratic requirements and encourage citi-
zens to reclaim common open spaces in the urban environment. These
processes should serve as a user-driven platform for the local community
and lead to the creation of a robust paradigm aiming to collaboration.

Toward that direction, governments and local authorities should pro-
vide appropriate facilities to enable the deployment of participative ways
of working, which will help in producing social innovation outcomes,
that is, commons. This could be done by promoting the creation of col-
laboration spaces, such as microfactories, all over the city and creating
wired and wireless networks that will enhance the connectivity between
citizens. Moreover, the establishment of social enterprises should be
promoted. This will certainly lead to the development of business mod-
els, but instead of seeking easy financial gains, social enterprises will be
focusing on sustainability and development in the long term.

After ensuring the existence of the basic infrastructure for a commons-
driven smart city, the next step would be to integrate them into eve-
ryday social interaction and make all the data available to the citizens
in a format that they can use. Because several cities will deploy ditfer-
ent infrastructure and adopt various approaches, this procedure may
become quite challenging. In order for locally produced innovations
to diffuse and be adopted globally, the aforementioned infrastructure
should comply with some “standards” that will enhance interoperabil-
ity. These “standards” should be based on open source technologies, so
they would be easily accessible, transparent, and open to modification
and adaptation to local conditions and individual needs.

Conclusion

One of the most fundamental characteristics of a smart city should be its
direct link with the needs and concerns of urban residents. However, it
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has already been observed that this citizen perspective is often ignored
in the smart city discussion. While technology is a powerful tool able
to help improve urban infrastructure, citizen engagement is essential to
make cities truly sustainable and livable.

In the discussion above, we argue that different applications of certain
productive infrastructure have different impacts on urban life, depend-
ing on the model of governance and strategies of citizenship they
embody. Notwithstanding the fact that community-driven, commons-
driven, and distributed versus centralized for-profit-driven infrastruc-
ture coexist, smart cities will be organized differently depending on the
dominance of any of the four scenarios.

What is needed, in our view, is a more commons-driven smart city
that will provide the capacity for open participation and democratic
problem-solving practices that can potentially lead to social, environ-
mental, and economic sustainability.
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