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ABSTRACT 
Traditionally, the notion of “educational technology” 
has been equated with “educational computing”. 
While computer technology is, and will continue to be, 
a central focus of educational technology, its 
importance is likely to be rivaled in the coming 
generation by developments in materials science. 
This paper represents an early attempt to discuss the 
role of novel materials in educational settings, and in 
children’s lives more generally. We discuss a variety 
of fascinating new materials, all of potential 
importance in education; outline a number of existing 
and possible educational projects to make creative 
use of these materials; and discuss several issues 
likely to become prominent in educational research as 
materials science increasingly takes its place at the 
forefront of educational technology. 

Categories and Subject Descriptors 
K.3.0 [Computing Milieux]: Computers and Education – 
general. 

General Terms 
Design, Human Factors. 

Keywords 
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INTRODUCTION 
Traditionally, the term “educational technology” has been 
effectively synonymous with “educational computing”, or 
(in slightly broader discussions) with educational uses of 
electronic media such as television and film. Indeed, the 
powerful tradition of equating “technology” and 
“computation” continues into the present day. One 
recently-published, massive, high-quality reference work 
on “educational communications and technology” [11] 
includes chapters on distance education, simulations, 
hypertext, virtual reality, web-based learning, and so forth; 

but (with the exception of some discussion of non-
computational electronic media, such as television) there is 
little discussion of technological developments outside the 
realm of computer science. 

Computer technology is inarguably at the center of any 
current-day discussion of educational technology, and there 
is no doubt that it will remain a hugely important area of 
the subject for the foreseeable future. Nonetheless, it is 
salutary to remember that “technology” is itself a broad 
term, and denotes a subject whose history long predates the 
advent of computers and the Internet; any thorough history 
of technology will inevitably include discussions of 
(among other topics) metallurgy, glassworking, textile 
manufacture, uses of rubber, papermaking, and many other 
topics centering on the manufacture or processing of 
materials.  

This more ancient side of technology is making a 
pronounced comeback. One could make a very good case 
that at the present moment, the most exciting developments 
in “technology” are in fact not to be found in computer 
science but rather in the area of materials science. 
(Admittedly, this is not a particularly popular point of view 
within departments of computer science.) The advent of a 
remarkable array of novel materials over the past quarter 
century, ranging from high-temperature superconductors to 
liquid crystals to optical fibers, suggests that the material 
environment in which children grow and learn will be 
substantially richer, more complex, more expressive, and 
perhaps more problematic in the coming century than it has 
ever been in the past. 

This paper is an attempt to broaden the discussion of 
“educational technology” to reflect some of these (still 
embryonic) developments in materials science. Much of the 
discussion here will, of necessity, be tentative; it is hard to 
know precisely which materials (or which classes of 
materials) will be prevalent in children’s environments 
within even a time span as short as five years. Nonetheless, 
it is a sure bet that overall, the materials available to 
children will undergo rapid change and development in the 
near future; that is, while we can’t be sure of the details, we 
can confidently predict that there will be a massive and 
profound change in the “stuff” with which children work 
and play over the next generation.  
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The remainder of this paper, then, will discuss a variety of 
possible uses of new materials in educational settings. 
Although occasionally futuristic, the discussion here will 
try to keep to a standard of plausibility; in several cases, the 
uses of novel materials will be illustrated through working 
prototypes developed in recent years within our “craft 
technologies” laboratory at the University of Colorado. 
While the examples will be wide-ranging, the burgeoning 
subject of materials science is too vast to cover with 
anything approaching completeness, and some areas of 
material development (e.g., biomaterials) will of necessity 
be overlooked here. Still, the hope is that this still-early 
discussion can be useful in promoting a more systematic 
appraisal of “educational materials science” in general. 

The second section of this paper will present a brief outline 
of several classes of new materials that are likely (though, 
again, not certain) to prove important in expanding the 
notion of educational technology. In many cases, these 
materials dovetail with the existing, “traditional” notion, in 
that they can be controlled by (or integrated with) 
computational media. The third section will employ these 
various materials as a springboard for a discussion of ways 
in which children’s artifacts might be altered or enriched in 
the near future. Finally, the fourth section focuses on a 
variety of potentially important issues that face the 
educational technology community in the light of the rapid 
expansion of materials science. 

KIDS’ STUFF: THE EMERGING LANDSCAPE 
There are several excellent non-technical introductions to 
modern materials science ([1], [2], and [6]), and new 
materials are a recurring theme in popular-level magazines 
such as Technology Review and Scientific American. Much 
more extensive discussion of the topics discussed in this 
section can be found in these sources (and in the more 
detailed introductory-level textbooks on the subject). Here, 
we will simply provide brief descriptions of several classes 
of particularly interesting or important new materials. 

“Output”, or “Responsive”, Materials 
One important class of materials might be regarded as 
“output” materials, in that they seem suited to uses of 
displaying information, or transforming electrical signals 
(e.g., signals sent by a computer). While this is 
undoubtedly a very loose classification of a large group of 
disparate materials, it will help somewhat to structure the 
discussion of the following sections. 
Temperature-sensitive films are liquid crystal-based 
materials that change color in response to a change in 
temperature over a specified range. (Commercial 
temperature-sensitive films, available from scientific 
supply houses, usually come in sheets and respond to 
changes in temperature across a range of about five degrees 
Centigrade).  

 

 
Figure 1. A surface of temperature-sensitive film has 
been placed above a computer-controlled motor that 
can be used to complete various circuits in an array of 
wires beneath the film. 
 

 
Figure 2. A top view of the temperature-sensitive film 
as a circuit is completed beneath the film, causing the 
area above the wire to change temperature (and, 
therefore, to change color as well). 
A natural use for such films is to change color in response 
to a temperature change caused by an electrical current in a 
nearby wire. An example of this idea can be seen in a 
project developed in our lab by A. Warmack, shown in 
Figures 1 and 2 (and described in a bit more detail in [13]).  
Here, a surface of temperature-sensitive film has been 
placed directly above an array of wires; when a particular 
pathway within the array is used to complete a circuit, 
current runs through the pathway and the temperature-
sensitive film changes color to show the areas of running 
current. (Sitting below the temperature-sensitive film, and 
the array of wires, is a computer-controlled motor which, 
when it turns, causes different points within the wire array 
to complete a circuit across a battery.) For our purposes, 
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the crucial aspect of this example is simply that it employs 
temperature-sensitive film as a type of “display device” 
that shows the presence (or absence) of current in nearby 
wires. More generally, one could employ these films in 
settings (say, outdoor science projects) where a color-
change can signal a fairly large-scale change in 
temperature; by using a set of these films tuned to distinct 
temperature ranges, one can create a coarse-grained color-
based “thermometer”. 
Shape-memory alloys are metallic alloys that have the 
remarkable property of “remembering” a particular shape 
in which they have been set. The basic description of these 
materials’ behavior is as follows: first, the alloy is brought 
to a high temperature and “set” within a particular desired 
shape. The material may then be cooled, at which point it 
can be bent into some alternative shape; when the material 
is reheated, it returns to the shape or configuration in which 
it was originally set at the high temperature.  (Cf. [17])  
Once more, an example can help to make this description 
clearer. The “programmable hinge” developed in our 
laboratory by T. Wrensch [18] makes creative use of a 
shape-memory alloy to design a hinge that can open or 
close in response to a computer-generated signal. A 
schematic of the hinge is shown in Figure 3. Here, the 
hinge has two wire-shaped strips of shape-memory alloy 
across its length; one strip of alloy “remembers” a bent 
position (like a letter “V”) and the other “remembers” a 
straight position (like a letter “I”). When a current is passed 
across the first alloy strip, that strip heats up and bends the 
hinge into a letter V-shape; when the current across this 
strip ceases and a current is now sent across the other alloy 
strip, that second strip returns to its straightened position, 
opening the hinge.  A side view of the hinge is shown in 
Figure 4, and a photograph of the prototype device in 
Figure 5. 
Again, the crucial point here is that we have a material that 
can respond to a temperature change (or, by a natural 
extension, an electrical current) by altering its shape. 
Shape-memory alloys have been used in some commercial 
ornaments (e.g., one locally-available ornament is a 
butterfly replica that opens and closes its wings 
periodically, presumably in much the same manner as 
Wrensch’s hinge). The alloys are also available to 
hobbyists in several commercial forms, notably including 
“muscle wire” (which shrinks along its long axis when 
heated by a current, thereby causing a surprisingly 
powerful “pulling” force along its length). [9] 
  

 
Figure 3. A schematic view of T. Wrensch’s 
“programmable hinge” showing the control block 
(including a small computer) at left and the hinge with 
two strips of shape memory alloy at right. 

 
Figure 4. A side view of the hinge, showing one of the 
strips of shape memory alloy at the top. When current 
is run across the strip (in this case, the strip that 
“remembers” a bent position), it bends and causes the 
hinge to close. 
 

 
 
Figure 5. A photograph of the prototype hinge. The 
“control block” includes a “cricket” computer [13, 15], 
external battery, and relays; the hinge itself (with two 
strips of shape memory alloy) is visible at upper right. 
Electroluminescent materials are materials that “light up” 
in response to an electrical signal. Light-emitting diodes 
are often made of such materials, and some polymers 
exhibit electroluminescence as well. Commercially 
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available electroluminescent products include such 
materials in string form (available at 
www.glowire.com[P1]) and in the form of sheets that can 
be cut and shaped into a variety of surfaces. All the 
electroluminescent materials of which this writer is aware 
are designed to light up in some specified color (e.g., one 
purchases a length of “glow wire” in a particular color such 
as blue or red). 
In each of the examples mentioned thus far, the material in 
question can change some important physical parameter–
color, shape, luminescence–in response to an electrical 
signal (which may well originate with a computer 
program). There are still other materials that can behave 
along similar lines. Electrorheological fluids can change 
their viscosity in response to an electric field; some 
varieties of glass can change their degree of transparency in 
response to an applied field [2]; novel types of 
“programmable paper” act, in effect, as flexible computer 
display screens that can be used to present patterns of 
pixels on a variety of surfaces [12].  For all these materials, 
a typical pattern of usage would be to have some artifact 
respond to its user (by changing color, shape, etc.) in 
accordance with a program from a desktop or embedded 
computer; several examples along these lines will be 
sketched in Section 3.  

“Input”, “Sensing”, or “Communicative” Materials 
The materials described in the previous paragraphs can be 
naturally imagined in the role of “output”, responding to 
signals from a computer and/or displaying information to 
their users. In contrast, several other major classes of 
materials may be plausibly imagined as “input” or 
“communicative” substances. In a typical scenario, these 
materials could be used to communicate signals to (or 
perhaps between) computers. 
Piezoelectric materials [17] denote a collection of (mostly 
inorganic) materials that deform (by expanding or 
contracting along specific axes) in response to an applied 
electric field, and that conversely can produce an electric 
field in response to a mechanical deformation. Such 
materials have been known for over a century–quartz, for 
instance, is piezoelectric–but in recent years there have 
been substantial advances in creating piezoelectric 
ceramics and polymers. Many types of sensors employ 
piezoelectric materials of some sort [7]; a simple, 
commercially available product is a small disc of 
piezoelectric material that can respond to the press of a 
finger. (That is, by pressing the disc, one causes a 
mechanical deformation in the material, which can in turn 
produce an electric signal; the overall result is that the disc 
acts as a “button” which can be positioned onto arbitrary 
surfaces and connected via wires to computers or other 
electrical devices.) In more sophisticated scenarios, it is 
possible to coat a surface with an array of piezoelectric 
sensors that respond to the mechanical stress caused by 

(e.g.) the human hand; thus, one could make an artifact that 
responds to the position and orientation of the user’s touch. 
Piezoelectric materials may also be creatively employed in 
sensors for a variety of other signals (such as air pressure 
and sound).  
Optical fibers are cables in which a glass core is 
surrounded by a glass “cladding” of a different refractive 
index; the net effect is that the fiber can be used to conduct 
light signals along its path. Optical fibers are used 
extensively in telecommunications because of their high 
bandwidth and low cost; for the purposes of this paper, 
though, the interesting thing about optical fibers is their 
wide utility as a means of conducting light signals within 
and between physical objects. That is, one can think of 
optical fibers as a means of “wiring up” an object so that 
by shining a light (or perhaps blocking a light) at a 
particular point, the object can send a signal over an optical 
fiber to a sensor (or computer) at some other location. 

 
Figure 6. An open schematic view of a single “talking 
alphabet block”, showing the block’s orientation sensor 
at its surface and the fiber optic cable that is used to 
communicate signals between the computers embedded 
within each block. 
An example along these lines is shown in Figures 6 and 7, 
which depict a prototype of a set of “talking alphabet 
blocks” developed in our lab by K. Kaowthumrong, N. 
Lee, and W. Lovett [5]. Here, each block includes an 
embedded computer (again, one of the MIT Media Lab 
“crickets” developed by Mitchel Resnick and his 
colleagues [13, 15]); these computers are able to send and 
input an infrared light signal, which in most cases requires 
that the communicating computers be positioned so that 
they are in a direct “line of sight”. The talking alphabet 
blocks, however, employ fiber optics cables to 
communicate a light signal between neighboring blocks. A 
schematic of a single block is shown in Figure 6: an 
orientation sensor on the surface of the block determines 
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which side is up or down, while the internal computer 
sends a signal (indicating which letter is visible in this 
particular block) to the next block in the sequence via the 
fiber optic cable. (In the complete block, the fiber optic 
cable emerges from a hole in the side of the block; figure 6 
shows an “open” view of the block, exposing the internal 
computer and its optical fiber.) When blocks are in series, 
each block communicates both its own letter and those of 
preceding blocks to the following block; the final block 
sends the entire word to a speech synthesizer in a desktop 
machine, as shown in Figure 7. 
A more detailed description of the “talking blocks” 
prototype can be found in [5]; but for our purposes, the 
focus of our discussion is the use of inexpensive optical 
fibers as a means of communicating complex signals 
between objects. 
 

 
Figure 7. A series of “talking blocks” communicates its 
series of letters to a final block, which is directly 
connected (by cable) to a desktop machine equipped 
with a speech synthesizer. 

Again, there are still other types of materials that can be 
used for sensing or communication. Thermistors are 
temperature sensors that work by altering their electrical 
resistance in response to changes in temperature; they are 
typically composed of metal oxide semiconductors, and, as 
Fraden [7, p. 63] writes, “can be produced in the form of 
disks, droplets, tubes, flakes, or thin films deposited on 
ceramic substrates.” As another example, numerous 
chemical sensors have been developed in recent years for a 
variety of specific purposes (such as detecting pollutants); 
some of these sensors employ biomaterials such as 
enzymes to detect specific substrates. (See [7], Chapter 17.) 

“Miscellaneous” Materials 
The previous two subsections focused on novel materials 
that can be directly interfaced with computers, either in the 
role of “output” or “input”. There are, of course, still many 
other interesting, affordable materials that are likely to play 

an increasingly prominent role in children’s lives.  
Numerous materials of this sort can be found by perusing 
catalogs (or, these days, websites) of science hobbyist 
enterprises; and only a very few representative examples 
will be mentioned here. 
Plastics have of course been a prominent “new” material 
for over a half century (which makes them only a bit less 
“new” than computers themselves!), but it is worth 
mentioning that such materials continue to exhibit both 
new variations and new uses. Optical devices of various 
sorts (lenses, prisms, color filters) are available in 
inexpensive, non-shattering acrylic; likewise, inexpensive 
acrylic is an ideal material for use as a construction 
material for use with laser cutters [cf. 3, 4], so that children 
can now design and build in plastic with almost the same 
ease as paper. More generally, polymers (of which 
traditional plastics are an example) represent a blossoming 
area of materials science research; novel polymers exhibit 
highly complex responses to light (cf. the discussion of 
photorefractive polymers in [2], pp. 89-95), while others 
exhibit properties such as electroluminescence and 
piezoelectricity, and the electrorheological fluids 
mentioned earlier are usually composed of polymer 
suspensions (again, see [2] for examples). 
Semiconductors are likewise another ubiquitous material in 
the electronics industry; but the advent of inexpensive 
semiconductor-based solar power cells represents one 
particularly interesting avenue through which 
semiconductors may increasingly become the materials of 
children’s constructions (outdoor science projects, for 
example, can conceivably be powered through solar cells). 
Over time, the efficiency of solar cells is likely to be 
increased by the use of still another class of materials, 
aerogels, a class of materials used primarily to provide 
thermal insulation. [2] Still a bit more futuristic might be 
the hope that superconducting materials could be employed 
in energy-efficient constructions; such materials are still a 
long way from being present in children’s environments 
(despite the explosion of interest during the 1980’s), but 
demonstration kits for “high-temperature” superconductors 
(i.e., materials that exhibit superconductivity above the 
temperature of liquid nitrogen) are available from science 
supply houses for under $100. 

NEW MATERIALS AND CHILDREN’S ACTIVITIES 
The previous section outlined a wide variety of novel 
materials, and (in a few cases) illustrated their uses through 
sample projects. In this section, we discuss a variety of 
creative avenues through which such materials might come 
to influence children’s lives and activities. 
One “style” through which materials can be used 
educationally is to create children’s artifacts that are more 
informative–“things” that can tell their users whether (or 
how) they are operating. One might, for example, design 
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“child-friendly” electrical wire that can display (via 
electroluminescence, for example) when it is conducting 
current, allowing children to see the pathways through 
which current runs. A terrarium might signal that it has 
sufficient humidity, and a classroom plant container might 
signal (via sensors) how long it has gone without water, 
and when it next needs tending. Sensor technologies of the 
sort mentioned in the previous section might be employed 
to create artifacts that “know” how they are being handled 
or touched. A shop tool could respond to indicate that it is 
being held in a correct (or incorrect) fashion; a sensor-
equipped baseball could help its user adopt the proper grip 
for a curveball; a violin bow could help a young musician 
learn the correct grip; a marionette (or ventriloquist’s 
dummy) might help its user learn finger positions for 
complex movements; and so forth.  
Classroom apparatus of all kinds may be made more 
interesting, responsive, or educationally powerful through 
the integration of novel materials. One could incorporate 
coatings of piezoelectric sensors into (say) an anatomical 
model, so that a child could (e.g.) ask for the name of a 
particular muscle or bone by touching its representation in 
a physical model. Naturally, one could extend this notion to 
provide a “question-posing” anatomical model that asks the 
child to touch a specified location and signals when this is 
done correctly. Indeed, it is worth noting that such uses of 
sensors needn’t be limited to responding to a single static 
touch, but could respond to a pattern of touch over time: 
thus, an anatomical model might “ask” its user to indicate 
the pathway of a nerve signal over time. 
Still other classroom apparatus might employ responsive 
materials of various sorts. A wave tank could be designed 
to employ electrorheological fluids to produce highly 
complex or beautiful patterns of controllable fluid flow; a 
mathematical model of a surface might be created of 
material that changes shape over time to display a sequence 
of parameterized surface constructions; dioramas or 
displays might change appearance with ambient 
temperature or humidity. 

Perhaps a more compelling way of thinking about new 
materials, however, is not to imagine them in the role of 
didactic classroom devices, but instead to think of them as 
integrated within the sorts of activities that have always 
captivated children. One might imagine incorporating 
electroluminescence into the string games that children 
play, so that a handheld string figure lights up in gorgeous 
colors; trading cards might be made of “programmable 
paper” so that each card can include a child-designed 
graphical effect; constructions currently made in paper 
(such as polyhedral models, Moebius strips, pop-ups, and 
origami figures) might eventually incorporate 
“programmable” paper elements to produce spectacular 
dynamic displays in children’s creations. Children might 
create mosaic constructions on sensor-equipped substrates, 

so that by pressing a “personally coded” sequence of stones 
in the mosaic, the construction responds in some interesting 
way; more generally, sensor-equipped surfaces could be 
customized by their child users so that individual patterns 
of touch are used to play music, open (or close) locks, 
record diary entries, and so forth. And there are still other 
possibilities associated with other classes of children’s 
crafts: novel materials might be incorporated into mobiles, 
child-created doll costumes, or customized musical 
instruments, among many other imaginable artifacts. 

Puzzles and games are especially fertile ground for this sort 
of brainstorming. One might imagine shape-memory alloy 
topological puzzles whose pieces change shape over time, 
so that certain operations (e.g., separating two pieces) can 
only be conducted when the pieces themselves are in the 
proper configuration. Jigsaw puzzles might include pieces 
that change color in response to light or sound, so that the 
look of the puzzle (whether complete or incomplete) 
changes over time. (This could make constructing the 
puzzle especially challenging!)  Puzzles pieces might also 
include embedded optical fibers, so that when connected 
correctly a light signal can be sent from one location in the 
puzzle to another. Children’s board games could include 
pieces that change over time as they are handled, or 
depending on where they have been moved in the past. 
Construction kits could be composed of pieces that 
communicate via optical fibers, or that conduct or 
manipulate patterns of light, or that change color or shape. 

The overall point of these examples is not to be exhaustive 
(most likely, the reader has by now come up with half a 
dozen possibilities that the previous paragraphs 
overlooked); rather, it is to suggest that the landscape of 
new materials is likely to create a pervasive change in 
children’s artifacts and activities that is comparable in 
scope and creativity to that effected by computers over the 
previous generation. In a sense, children have always 
played and worked with interesting new materials, 
wherever those materials become available: paper dolls, 
glass beads, synthetic rubber balls, plastic construction 
pieces, have all represented technological advances at some 
point in the past. What is unique about the present 
historical moment is the way in which the range, variety, 
and expressive power of new materials is poised to explode 
within the next generation or two. The following section 
will expand on the educational issues (and challenges) 
likely to be associated with this expanded notion of 
“educational technology”. 

ISSUES IN MATERIALS SCIENCE AND EDUCATIONAL 
RESEARCH 
The role of materials science in educational research has 
begun to surface in the writings of a number of researchers; 
it is particularly a recurring theme in the work of Mitchel 
Resnick and his colleagues at the MIT Media Lab [14], 
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though not generally discussed explicitly as such (that is, 
the role of materials in educational technology is implicit in 
the examples created by Resnick’s group, but is not the 
subject of discussion in its own right). Similar hints of 
“educational materials science” can be found in the 
writings of other researchers associated with the Media Lab 
such as Gershenfeld [8] and Ishii [10]. The purpose of this 
section is to identify what may be prominent or central 
themes for research and discussion at the intersection of 
materials science and educational technology. As this 
discussion proceeds, it will become apparent that at least 
several major research issues are themselves echoes of 
similar issues that have surfaced over the past quarter 
century in the context of educational computing. 

What Should Children Know About Materials? 
Much as the field of educational computing has been roiled 
in the past by the question of what, precisely, children 
should know about computers (should young students 
know how computers operate at the level of machine code? 
should they understand anything of computer architecture? 
should they know how to program?), educational materials 
scientists are likely to be faced with the question of how 
children come to understand and think about complex (and 
especially responsive or “smart”) materials. There is a 
central question of educational, and engineering, 
philosophy lurking here: one might argue that too much of 
our engineered environment in general (and children’s 
environments in particular) are made to work “like magic”, 
to discourage users from any attempt to understand how 
our artifacts might work.  Few adults know, for instance, 
what happens (beyond the superficial effects) when the 
light switch in a wall is flicked on; and indeed, the light 
switch has been deliberately engineered to suppress 
curiosity along these lines. Similarly, computer technology 
over the past twenty years has steadily moved from an 
engineering style associated with “hobbyist” devices, in 
which computers could be opened up, reconfigured, 
customized, and studied, to an engineering style associated 
with “appliances”, in which the inner workings of the 
device are hidden and mysterious. 
As children’s environments become increasingly 
characterized by complex, responsive, or newly-engineered 
materials, the issue of an environment that “works like 
magic” and suppresses, rather than stimulates, curiosity and 
participation is likely to become acute. Indeed, the 
difficulty of understanding materials is perhaps more 
profound than that of understanding electrical appliances, 
in that the causes of the materials’ behaviors are generally 
to be found at the microscopic level (shape memory alloys, 
for example, behave in their remarkable way in part 
because they can occupy two distinct crystalline forms; 
while electroluminescence is a phenomenon that is difficult 
to explain without recourse to at least a qualitative 
discussion of quantum mechanics).  

In a sense, this issue of “mysterious materials” is hardly a 
new one: it is the rare adult who can explain why a magnet 
attracts some materials but not others, or why glass is 
transparent, or why it is that different dyes have their own 
characteristic colors. Nonetheless, the advent of newer 
materials makes the question still more difficult, 
particularly as materials begin to act in unexpected ways. 
It is quite likely that, as with computer technology, 
educators will be faced with the problems of incorporating 
a deeper understanding of materials into school curricula 
(at levels ranging from elementary grades to undergraduate 
education). Quite possibly, there will be courses in 
“materials literacy” of some sort; and a central issue will be 
finding intellectually honest and meaningful ways of 
presenting basic ideas of materials science to young 
children. If these attempts are not made, we (both children 
and adults) will likely be faced with an environment that 
feels increasingly, and perhaps dangerously, out of our 
control and beyond our understanding. 

The Cognitive Role of Materials 
One potential area of study at the intersection of materials 
science and educational research is the cognitive role of 
materials (as physical or tactile sources of images and 
analogies) in the study of mathematics and science. Paper, 
for example, is a natural source of visual images in the 
study of surfaces; rubber sheets are often invoked as a 
source of analogies in topology and differential geometry; 
string acts a conduit for pulling (but not pushing) force; 
metals are homespun examples of good conductors of heat, 
while rubber is an insulator; and so forth. What children 
know of the world is often mediated by their understanding 
of the behavior of materials; arguably, the example of 
magnets is central in developing a point of view in which 
notions such as fields (or action-at-a-distance) can be made 
believable to students. 
New materials therefore might offer new opportunities for 
introducing potentially complex ideas (such as the behavior 
of light, the origins of our experience of color, the 
relationship between different forms of energy, and many 
others). Again, there is an instructive analogy here with 
computer technology: just as computers can (on occasion) 
introduce children to fascinating issues in the philosophy of 
mind (cf. [16]), novel materials can be used to introduce 
children to the frontiers of understanding about the nature 
of matter. (For instance, one might well wonder how it is 
even possible for a material such as a shape memory alloy 
to “remember” a configuration that it occupied earlier; or 
how a fluid can change its viscosity in response to an 
electrical field.)  More broadly, it is likely that the 
development of novel materials will spawn a variety of 
research projects in “cognitive issues in materials science”, 
the question of what children (and adults) understand about 
substances and how their understanding forms the basis of 
mathematical and scientific cognition in general. 
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Materials and Children’s Worlds: a Sampling of Social 
Issues 
As novel materials are increasingly employed in children’s 
artifacts, the sorts of issues that are traditionally central to 
materials development are likely to attract more systematic 
attention. These issues include (among many others) the 
safety of materials (do certain substances shatter; or give 
off harmful fumes; or catch fire; or act as poisons when 
ingested); the cost of materials (if materials are 
prohibitively expensive, we may see increasing discussions 
of a “material divide” analogous to the “digital divide” 
characteristic of computer technology); the stability of 
materials (can a child’s construction in some new material 
last a month? a year? a decade?); the environmental role of 
materials (are new materials biodegradable? are they likely 
to cause pollution either in the process of manufacture or 
disposal? are they reusable or recyclable?); and many 
others. As noted, all of these issues are well known in the 
field of materials science; almost any novel material, when 
first synthesized, will be subject to discussion along the 
sorts of dimensions listed above. Still, the issues become if 
anything a bit more acute when the users of the new 
materials are children. For instance, adults tend to be 
especially sensitive to the presence of a “technological 
divide” in the context of education: children, we generally 
believe, ought to have equitable technological 
environments and opportunities regardless of their 
economic circumstances. Likewise, safety takes on an 
added degree of importance: children, as (presumably) 
inexperienced users, might be especially vulnerable to the 
hazards of some materials, and (in some cases) we might 
decide that even educationally valuable materials ought not 
to be used at all, or ought not be used without adult 
supervision. And again, in most respects, there are 
analogies to adult concerns about children’s uses of 
computers (should children be left alone, unsupervised, 
with a web browser? are children’s video games 
psychologically hazardous?).  
In the light of these observations, then, we shouldn’t 
overestimate the coming “revolution” in children’s 
technology. Educational materials science will indeed offer 
fascinating possibilities for creating new activities and 
artifacts for children. Still, in some ways, the future 
definition of “educational technology” will not be all that 
different from the previous one. After all, educational 
technology is itself a reflection of a larger, abiding desire to 
improve the human condition by enriching the lives of 
children. Even when “educational technology” incorporates 
all the fantastic new developments of materials science, the 
subject will still be a natural and inevitable continuation of 
the enduring field of education.  
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