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ABSTRACT 
A variety of technologies–exciting, troubling, controversial–are 
emerging for the purposes of extending or augmenting the 
biological capabilities of human beings. These technologies 
include (among others) sensory augmentation devices, brain-
machine interfaces, robotic exoskeletons or prostheses, and 
techniques of genetic alteration; in every case, the intent of the 
technology is to allow people to perform activities beyond the 
traditional boundaries of body, mind, and genome. The advent of 
these technologies augurs new and difficult questions for the 
maker/education community. What body- and mind-changing 
artifacts could, or should, be available to children and teenagers? 
To what extent-whether for educational or social purposes–will, 
or should, democratized “making” apply to the physical and 
cognitive limitations of the maker? This paper explores some 
plausible future pathways for the educational maker movement 
in the light of this imminent development in technology1. 
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1 INTRODUCTION 
The “maker movement”, now comfortably established in the 
culture of American education, is founded on a philosophy of 
democratized technology. Repeatedly, the most prominent and 
eloquent standard bearers of the maker community refer to the 
need to take control of novel technologies, and to appropriate 
the most cutting-edge tools into their own creative activities. A 
good example of this philosophy can be found in Dale 
Dougherty’s description of the “maker mindset”: 

When I started Make magazine, I recognized that makers 
were enthusiasts who played with technology to learn 
about it. A new technology presented an invitation to play, 
and makers regard this kind of play as highly satisfying. 
Makers give it a try; they take things apart; and they try to 
do things that even the manufacturer did not think of doing. 
[1] 

In the realm of education, this same maker mindset can be 
viewed as a vision of empowerment for young people: just as 
adult enthusiasts can be encouraged to play with new 
technologies, children and teenagers may likewise be 
encouraged to take creative control of their technological 
environment. Inherent in this philosophy is an attitude of broad 
technological optimism: it is assumed that the artifacts and 
techniques in question are benign (or can be made so). 

Typically, when makers talk about “new technologies”, they 
are thinking along the lines of mechanical or electrical 
engineering–the sorts of devices and artifacts that follow in the 
historical tradition of twentieth-century ham radio technology, 
or “hot rodding” of cars [Cf. [6], ch.4], or homebrew computing. 
In current discussions, devices such as 3D printers, laser cutters, 
inexpensive microprocessors and the like constitute the 
rhetorical center of gravity of arguments like those of 
Dougherty. To put the matter informally, the image that is 
conveyed here is one of the hobbyist/crafter working with (state 
of the art) tools to create an object of meaning to the builder. 
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Despite the occasionally rebellious tone of its rhetoric—
democratizing technology by taking back control from large-
scale corporate overlords—the educational maker movement 
exhibits its own sort of unconscious conservatism. The by-now 
comfortable image of the creative technology enthusiast, 
tinkering away in his or her workshop, is likely to be challenged 
in the near-term future by the advent of technologies whose 
effects are made manifest on, or in, the bodies of the makers. In 
the world of these new technologies, makers remake themselves, 
sometimes in challenging or disquieting ways. 

The sorts of technologies involved in this new, “body-re-
making” movement are varied and will undoubtedly exhibit 
distinct paths of development over the coming decade. At this 
early stage it is still reasonable, however, to discuss them as 
disparate elements of a larger shift in accessible technology. 
They include (among others): 

Sensory augmentation devices whose purpose is to extend 
the user’s experience of the world. Typical examples might 
include wearable (or conceivably implanted) devices for, say, 
sensing infrared light, nearby magnetic fields, or sound 
frequencies outside the normal hearing range. 

Augmented actuation to expand the range of action available 
to the user. Typical examples might include robotic exoskeletons 
(for, e.g., lifting heavy objects), specialized controllable “hands” 
or “limbs” that can attach to the user, or novel handheld or 
wearable tools of various sorts. 

Brain-machine interfaces that can be used to control or 
interact with either external devices or the sorts of 
sensory/actuation devices mentioned in the previous paragraphs. 

Genetic techniques or therapies that can be used to alter the 
user’s genome. (In some cases, these techniques might be used 
not only to alter the user’s genome, but also that of any 
prospective future offspring.) 

The remainder of this paper is an exploration of some of the 
major themes that are likely to impact the world of “maker 
education” as a result of these technologies [see also 3]. Again, 
because these “transhumanist” technologies (as they are 
sometimes called) are generally still embryonic, our discussion is 
necessarily speculative. Nonetheless, an eventual reckoning 
between transhumanism and the educational maker movement 
seems inevitable at this point. 

2 THE CULTURAL APPEAL OF REMAKING 
THE BODY 

For our purposes, a good “example-to-think-with” is discussed in 
Kara Platoni’s recent book We Have the Technology [5]. Toward 
the end of the book, Platoni describes an unmistakably maker-
style culture of young “body-modders” whose goal is to make 
changes to their own sensory abilities. A typical choice for these 
hobbyists–almost, as described by Platoni, a kind of “gateway” 
modification–is embedding small but powerful magnets in one 
or more fingers. (The operation involved, shunned by medical 
doctors, is performed by tattoo artists.) As Platoni writes of one 
collective of body modders: 

[T]hey have great faith in humanity’s ability to engineer its 
way out of biological problems. Maybe [they] can’t build a better 
brain, or a bacon-resistant heart, or an immortal body, at least 
not with the parts they just brought back from one of their 
nighttime pilgrimages to Radio Shack. But perhaps they can 
cobble together a sensory device that will let them peer into the 
universe of information that is passing them by. So they uncurl 
themselves from around the coffee table and head down into the 
basement to see what they can make next. [p. 242] 

There are many themes that one could draw out of this 
simple example, but we might start by noting the most 
prominent one: the body-modders are doing this all eagerly and 
voluntarily. Indeed, the narrative connection with tattooing 
seems something other than coincidental here: just as young 
people decorate their own bodies permanently and graphically 
(often without approval from their parents), they may similarly 
refashion their own bodies “biologically” as well. 

In some sense, the idea of body-modding might be seen as a 
predictable continuation of many moments in twentieth-century 
youth culture. Magnetic fingers, in this view, are the natural 
successors to the bobbed haircuts of young women in the 1920s, 
the psychedelic accoutrements of the 1960s, or the punk haircuts 
and clothing of the 1980s. In fact, it is precisely because there is a 
consistent urge among young people (at least over the last 
century or so) to experiment with their own appearances that it 
should be unsurprising that the next generation of youngsters 
will likewise experiment at a somewhat deeper physiological 
level with their own bodily constitution. 

In the coming decades–if the past is any guide–it seems 
likely that transhumanist themes will be taken up preferentially 
by the young, and for the same reasons that young people 
experiment with themselves in a myriad of ways. Since 
adolescence in particular is a time of urgent self-definition, the 
urge to employ novel technologies for that purpose may well 
prove irresistible. Moreover, because self-definition is, by its 
nature, such a deeply personal and complex process, it could 
lend itself especially well to “maker technology”. A youngster 
may rather refashion their own sensory endowment, or add 
personally specialized limbs, in order to feel unique. Naturally, in 
youth culture, there is often a sort of paradox in this activity–a 
combination of intense imitative peer pressure combined with 
intense personalization. In the specific case of (say) tattooing, the 
result is manifested in an odd conjunction: individuals may feel 
peer pressure to get a tattoo (just like their friends), but the 
specific tattoo that they get may be chosen to be one-of-a-kind. 
Similarly, we may see young people in the near future feeling 
pressure to change their biological bodies, but to do so in 
customized “homebrew” ways. 

Perhaps the most troubling such customization could take 
place at the level of genetic alteration. Again, adolescents are 
notorious for being unhappy with their own bodies; there will 
thus be a likely urge to perform creative self-experimentation 
with one’s own genome. Hobbyist, self-directed genetic 
redefinition is yet again a novel technology directed to a 
venerable element of youth culture: the same urges that give rise 
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to extreme body-building, eating disorders, and experimentation 
with drugs could easily be channeled (for both better and worse) 
into alteration of the self at still deeper levels. 

All of this should perhaps give pause to the enthusiasts of 
current maker culture. If we take seriously the idea of 
“democratized technology”, then–within broad limits–we should 
trust the hobbyist community (including its younger members) 
to appropriate the technologies of body and genome 
modification. The physicist Freeman Dyson [2], in an essay now 
10 years old, took an early step in this direction by advocating 
biotechnological education (and “kits”) for children so that they 
could design new species; it is just another step or two from the 
prospect of young people designing new selves. We will return 
to this theme in the final section of this paper. 

3 THE INTELLECTUAL APPEAL OF REMAKING 
THE BODY 

The reasons for maker-oriented transhumanism extend beyond 
the purely decorative or cosmetic. They plausibly arise from 
intellectual or creative ambitions as well. One might imagine a 
student interested in (say) graphical arts to do more than merely 
study the field: she might refashion herself to become a better 
artist. This could take a variety of forms: she might adopt 
sensory extensions to distinguish a wider (or unorthodox) set of 
colors; she might enhance her sense of touch to be better 
adapted to a sculptural medium such as clay; she might 
customize novel prosthetic fingers or hands, controlled by brain-
machine interfaces, for the purposes of painting extremely high-
precision lines; she might experiment with her own genome (no 
doubt with uncertain results) in order to customize or accentuate 
her own artistic style. 

One could imagine similar scenarios played out in all sorts 
of domains: a student of dance, or opera, or gymnastics, or stage 
magic might experiment with bodily customizations tuned 
toward their own interests and physical limitations. Even a 
relatively bookish student of physics or mathematics might 
refashion (or attempt to refashion) themselves to enhance their 
working memory, or powers of mental simulation or imagery, or 
(for that matter) reading speed. 

Again, such scenarios challenge the more conservative 
background assumptions of the maker movement. For those who 
read the previous paragraph with disapproval or anxiety, one 
might ask: why shouldn’t students be able to make choices about 
their own intellectual pursuits through the medium of their own 
biology? Conceivably an aspiring dancer might refashion himself 
to be capable of unique, untried movements and patterns beyond 
the capabilities or imaginations of past practitioners. If our focus 
is placed on the art of dance itself–on the goal of advancing the 
landscape of dance–then we should encourage those young 
people committed enough to alter themselves for that purpose. 
The argument might appear even a bit stronger to (say) 
mathematicians or physicists: if our focus is on mathematical 
understanding, or understanding of the physical world, then we 
should welcome the advent of self-made bodies and minds 

“designed” for that purpose. A student who fashions herself as a 
mathematician along all dimensions, in both body and mind, 
may be able to pioneer ideas that would have lain dormant 
otherwise. Recall those words of Dougherty quoted earlier: 
“Makers give it a try; they take things apart; and they try to do 
things that even the manufacturer did not think of doing.” If the 
“manufacturer” here is biological evolution, then Dougherty’s 
words constitute a perfectly apt manifesto for self-making. 

Indeed, the hobbyist community might likewise reflect on 
the prospect of transhumanist self-alteration. A devotee of 
woodworking, or origami, or textile crafts, or home electronics, 
might consider experimentation with biological technologies in 
the service of their own creative urges. What might it be like to 
have hands that could feel the presence or absence of direct 
current in wires; or fingers capable of folding paper or 
manipulating knitting needles in unexpected ways; or a brain-
machine interface to control, interactively, the parameters of a 
3D printer?  

4 THE SOCIAL CHALLENGES OF SELF-
MAKING 

It is generally at this stage in discussions of transhumanist 
technologies that several strong caveats are raised. Most 
prominent is the question of equity: What will be the likely cost 
of these novel technologies? Will they be equally affordable to 
all? Will they result in an unhealthy division between those who 
can afford the enhancements to pursue (say) classical piano and 
those who cannot? A second warning is that of unintended 
consequences: Do we know that such technologies are entirely 
or largely benign? Are there side effects to (e.g.) enhancing one’s 
distinction of separate colors or timbres? Would self-making 
result in a plethora of isolated subcultures or communities of 
specialists, each delineated by their own sets of bodily 
alterations? A third focuses on the admittedly futuristic and 
speculative nature of these scenarios, and simply denies the 
likelihood that such technologies could become accessible to 
makers, or that young makers (in such an unlikely event) would 
be interested in adopting them. 

These are all serious and provocative themes for discussion 
within the educational maker community. In every case, 
however, it should be noted that the caveats in questions echo 
similar (and similarly important) concerns about past 
technological innovations.  

To take the first question, regarding equity: this is at the 
heart of an urgent conversation about educational opportunity, 
but one that is already urgent in the current state of technology. 
A young, aspiring classical pianist with little financial support 
may be placed at a certain type of disadvantage by others whose 
senses or hands have been technologically enhanced; but he is 
arguably already placed at a disadvantage by the difficulty of 
finding practice time, quality teaching, and indeed a piano itself. 
In other words, the advent of self-making technologies must be 
discussed in the larger context of democratized educational 
opportunity. Pushing transhumanist rhetoric toward the “maker 
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ethos” of allowing low-cost, informal experimentation may be 
part of the response to the dangers posed by the potential of 
large-scale commercial efforts in body and genome alteration. 

More pointedly, the previous paragraph might encourage us 
to rethink the underlying language of creative growth and 
education away from the reflexive themes of “competition” and 
conflict. If we view the practice of physics, or dance, or music, as 
an Olympic sport in which each practitioner must be ranked on a 
numerical scale, then our thinking about technology is pushed 
toward the image of a race, in which every change is either an 
“advantage” or “disadvantage”. If we view these activities instead 
as pathways for individual human fulfillment, then novel 
technologies are less fraught with both opportunity and peril; we 
make our technologies maximally affordable and allow people to 
adopt or reject them in accord with their own philosophy of 
personal mission and vocation. 

The second question, of unintended consequences, is a 
recurring theme of technological development in general. The 
pioneering 15th-century enthusiasts of the printing press had 
little inkling that this technology would play a role in sparking 
the Reformation of the next century; the pioneers of electronic 
mail most likely did not envision the advent of spambots. Our 
powers of technological prediction, in all its complexity and 
sensitivity to outside influence, are time and again shown to be 
highly limited. This is not an argument for despair, or for lack of 
preparation; but it should give us at least some ironic 
consolation that we are no less (and perhaps a touch more) 
aware of our predictive limitations than those who invented and 
perfected the cotton gin, steam locomotive, or television.  

More generally, the question of unintended consequences in 
technology is a consistent element in the larger and probably 
irresolvable conflict between what have been called 
“proactionary” and “precautionary” views of technological 
development. Broadly speaking, the precautionary stance 
emphasizes the (very real) dangers of technological change; the 
proactionary stance emphasizes the (very real) opportunities for 
human beings that attend upon technological change. (Cf. [4]) 
The term “debate” may be misleading in this context, since both 
stances represent internally-consistent emotional states which 
are not, at bottom, responsive to rational argument in either 
direction. Most people, in discussing technology, find themselves 
at different times on one side or other of this divide. Even the 
most precautionary academic philosopher works within a society 
based on the technology of agriculture and communicates in the 
technology of written language; even the most proactionary 
philosopher might harbor doubts about the technologies of 
chemical weapons or asbestos. Again, this is assuredly not an 
argument for or against particular instances of technological 
development; one might plausibly decide, for instance, that one 
is comfortable with brain-machine interfaces for children, but 
not with widely available genetic alteration technologies.  The 
bare prediction of unintended consequences, however, is too 
reflexive and uninformative an argument to bear much weight 
on its own. 

As to the question of whether the technologies described 
here are unrealistic, or too unattractive to pose any challenge to 
the maker community: the question is ultimately an empirical 
one. It should be mentioned that many of the more futuristic (in 
this view) predictions that occur under the heading of 
“transhumanism” are not included in this discussion. There is no 
need to speculate on (e.g.) human-level artificial intelligence, 
transferring neurological information wholesale into 
computational form, or a coming technological “singularity” in 
this context. Envisioning continued progress, of some sort, in 
brain-machine interfaces, sensory augmentation, prostheses, and 
genetic therapies requires a reasonable (again, in this view) 
extrapolation from the current state of the art. The educational 
maker community will eventually–probably soon–have to 
grapple with some version of the technologies raised here. 

Finally, as to the question of whether people will 
experiment with these new technologies: it appears, as noted 
earlier, that some are already doing so, and there’s no particular 
reason to think that that number will dwindle. From the 
educational standpoint, it may be especially delicate to 
disentangle technological experimentation motivated by 
youngsters themselves (think tattoos again) from those 
motivated by a short-sighted corporate or educational 
establishment (think of much of the worst of children’s 
television). The maker community– with its tradition of 
encouraging informal play, open design, supportive community 
events, and technological freedom–will need to engage in true 
and sometimes painful conversation, beyond the usual easy 
rhetorical flourishes, to find its own position within the 
emerging technological landscape.   
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