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ABSTRACT

Traditionally, the subject of “scientific visualization” focuses on the creation of novel or innovative 
graphical representations: essentially, new types of images to perceive. A truly complete approach to 
scientific visualization should include not only the perceived object, but also the abilities of the perceiver. 
Human “visual common sense” is a product of evolution, suited to the survival of the species; but it has 
severe and recurring limitations for the purposes of scientific understanding and education. People cannot 
readily understand phenomena that are too fast, slow, or complex for their visual systems to take in; they 
cannot see wavelengths outside visual spectrum; they have difficulty understanding three-dimensional 
(or, even worse, four-dimensional) objects. This chapter explores a variety of ideas and design themes 
for approaching scientific visualization by enhancing the powers of human vision.

INTRODUCTION: CHANGING HOW WE SEE

When the subject of “scientific visualization” comes up in the context of educational research, the usual 
assumption is that we are talking about creating better or more informative graphics. Perhaps the way 
to improve scientific visualization is through developing animated simulations; or interactive interfaces 
to large information spaces; or embedding aural cues within diagrams.

All of these approaches are promising, and thoroughly deserve to be pursued; but at the same time, a 
truly complete view of visualization research needs to look beyond an exclusive focus on the perceived 
object. Visualization, after all, requires both an object and a perceiver. We might thus seek to explore new 
types of visualization both by creating novel objects-to-perceive and by creating new tools and agents 
of perception. That is, by remaking the nature and equipment of vision itself, it might well be possible 
to achieve an expanded understanding of scientific ideas and the world in which we are embedded.

The purpose of this (frankly speculative) chapter is to suggest and enumerate a variety of potential 
avenues for creating visual technologies to enhance scientific education and understanding. The central 
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theme of these examples is to think about the human visual system as the biological core of what could 
be an expandable visual apparatus, combining both biological and non-biological elements. The process 
of evolution has provided us with visual powers tuned to the survival challenges that have historically 
faced our species; but at the same time, those powers constitute a sort of “visual common sense” that 
is not always, and not necessarily, suited to understanding ideas that challenge our inherited intuitions.

An Example: High Speed Vision

An introductory example might help to illustrate the motivation behind this chapter. In Fischbein (2002), 
there is a discussion of diSessa’s notion of “phenomenological primitives” (or p-prims) that act, essen-
tially, as intuitive “building block” scenarios for understanding the behavior of physical objects. One 
provocative example involves explaining the reason that some objects (say, a ping pong ball) will bounce 
when dropped onto a hardwood floor, whereas others (say, a ball of wet clay) will not. When diSessa 
asked one student to explain the difference,

She could not think by herself of springiness, and the interviewer suggested the compression of a spring. 
The subject had a clear intuitive understanding of the behavior of a compressed spring but nonetheless 
could not accept that the same explanation holds for the ball and generally, for every kind of piece of 
matter (for instance a ball made of steel). Her justification was that many objects are rigid and then 
they cannot be squished (deformed). For that subject rigidity and “squishiness” were p-prims, that is to 
say properties which may be understood intuitively by themselves and which, in turn, may explain other 
phenomena (Fischbein, p. 169).

For this student, the reason that a steel ball bounces is not identified with the deformation of the ball, 
but precisely because (in her view) the ball does not deform at all. And the ability for a ball to bounce 
is somehow–though not entirely clearly–associated with the “rigidity” (and thus, “bounciness”?) of the 
substance itself.

Why would someone have this intuition–that the act of bouncing involves no deformation? The most 
natural hypothesis is simply that we cannot see the deformation take place: it occurs too rapidly. My own 
intuitions about this scenario were fundamentally altered long ago when I saw a high-speed photograph 
(taken by Harold Edgerton) of a man hitting a softball with a bat: the photograph clearly shows what 
the naked eye cannot see, namely, a surprisingly deformed softball poised to “spring” off the bat (which 
is also visibly slightly bent in contact). Our visual limitations prevent us from seeing the deformation 
directly, without the aid of high-speed photography; and as a result our “common sense” notions of how 
the act of bouncing takes place are impaired.

Indeed, one of the very earliest anecdotes in “scientific visualization” similarly highlights the surpris-
ing difficulty of unaided vision of rapid motion. In 1872, Leland Stanford (later the founder of Stanford 
University) commissioned the photographer Eadweard Muybridge to photograph a horse in motion, 
with a particular interest in determining whether all four of the horse’s hooves were above the ground 
at any point in its stride. Muybridge’s classic series of photographs showed definitively that the answer 
was positive for a galloping horse; and the result was a triumph for the extension of human intuition via 
technology (Cf. Braun, p. 68ff).

To return, then, to the theme with which this chapter opened: a standard “scientific visualization” 
approach to the difficulty of high-speed perception would be to increase our access to photographs such 
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as those of Edgerton and Muybridge. This, inarguably, would be a positive step. At the same time, we 
might wonder about whether it might be possible to develop tools that augment our own vision so that (in 
appropriate situations) we could actually view events directly through a “stop-motion” interface. Conceiv-
ably, a consciously and controllably expanded visual system of this sort might serve, over time, to change 
the parameters of “common sense” itself. This is one instance of how educational visual enhancement 
might be achieved, and it suggests more broadly the motivating idea behind the discussion that follows.

A MAP OF THE TERRITORY

The remainder of this chapter explores a variety of plausible ways in which, through the development 
of technological tools, we might pursue the notion of enhancing vision for the purpose of scientific 
visualization and (more broadly) education in general. In the following sections, we discuss possible 
techniques for seeing in new ways: seeing motion, seeing beyond the visible electromagnetic spectrum, 
seeing pre-interpreted phenomena through the aid of intelligent sensors, and so forth. Most of these 
techniques involve ways of seeing the natural world; but the final suggestion involves ways of creating 
novel types of “artificial” graphics, designed in tandem with extra-ocular visual apparatus. In the final 
section of the paper, we take a step back and return to the topic of what constitutes “visual common 
sense”; and acknowledge a variety of cautionary notes in the pursuit of enhanced vision.

Seeing Moving Objects

The introductory example that we used above – “seeing motion” through photography – is perhaps a 
good jumping-off point for a more extended discussion. Some phenomena (e.g., the deformation of a 
bouncing ball) occur too swiftly to be seen by the human eye; others (the movement of a clock’s hands) 
occur too slowly; and there are still others (arguably including the eddying movement of fluids) that, in 
a sense, leave an impression of movement but are especially difficult for people to interpret in real time. 
From the evolutionary standpoint, human vision is (at least for survival purposes) as good as it needs 
to be; but from the educational standpoint, our limited sensitivity has intellectual consequences. Balls 
apparently bounce without deforming; continents and land masses don’t move (unless the movement 
is catastrophic in human terms); a bird’s wings seem to move up and down, and a running horse’s legs 
may (for all we know) never entirely lose contact with the ground. Much of science education, in conse-
quence, is devoted to convincing us of the fallibility of our day-to-day visual interpretation of the world.

How might we approach these issues through visual apparatus? In 1945, Vannevar Bush (1945) in 
his famous article “As We May Think” speculated on the rapid advances in mobile photography, and 
envisioned small head-mounted cameras with which people could take photographs of day-to-day phe-
nomena for later recording and interpretation. To a significant extent, this scenario has progressively 
been realized through the ubiquitous presence of cell phone cameras (and, in the case of head-mounted 
devices, through artifacts such Google Glass). We might nonetheless imagine an extension of these 
(increasingly day-to-day) artifacts by designing versions that could be used specifically for scientific 
education or understanding.

It might, for instance, be possible to create a head-mounted camera that automatically notes the 
presence of fast motion and takes the occasional stop-action photograph in case the phenomenon being 
viewed is of interest. The wearer of this camera, then, might witness a variety of phenomena during the 
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course of the day; and on returning home, the camera might alert her to the occurrence of potentially 
interesting dynamic phenomena that she might have seen (but were occurring too rapidly to see in de-
tail). A student who sees a baseball player hitting a ball (or, for that matter, a student lucky enough to 
see a running horse) might be able to answer questions that just two centuries ago were unapproachable.

What about slow phenomena? Could we devise photographic interfaces to help us (e.g.) see grass 
growing, or the movement of the moon across the night sky? This might be a trickier sort of design 
problem: after all, when nature photographers deal with these subjects, they generally position a single 
camera in one position for a long time to take successive images. Conceivably, we might imagine de-
vising computational interfaces for cameras that could “recognize” user-selected sites for successive 
images over time: for instance, a student might take a picture of a tree (in more-or-less the same posi-
tion) on successive days over the course of a month, and the software might create a dynamic image of 
the tree changing using these images as input. Or one might imagine taking a relatively brief video of 
a wall clock (not the digital sort!) and the software might use the very slight motion detected during a 
brief time as the basis for an extrapolated succession of images showing how the movement could be 
continued over time.

Still another possibility might be to create “seeing devices” that are tuned to specific sorts of mo-
tions–complex motions that illuminate scientific phenomena of various sorts. Much as a frog’s eyes are 
tuned toward the motion of small darting objects in front of them (like a potentially tasty fly), we might 
create visual devices that are specifically tuned to see (e.g.) rotary motion, or oscillations, or the complex 
eddies of flowing fluids or smoke. In effect, the goal here would be to create extra “special-purpose 
eyes” that are on the lookout for particular types of motions, and that are better at noticing these sorts 
of motions than we are.

Before leaving this particular topic, it is worth pausing to highlight two aspects of the ideas that we 
have just explored–aspects that will reoccur in the remainder of this chapter. First, there are many ways 
that we could imagine interfaces for the devices of the previous paragraphs. A user might position a 
camera with a strap on her forehead (that’s what Vannevar Bush seemed to envision in his 1945 paper), 
or on a cap; or the user might carry several such devices oriented in different directions. The operation 
of the device could be imagined along a spectrum of user control: for instance, the user might switch on 
a “rapid-motion-detecting device” only under certain conditions, or for selected periods of time. Second, 
and perhaps more interesting, the design of most (if not all) such artifacts involves a combination of 
hardware and (potentially challenging) software innovation. A day-to-day camera interface that can “look 
for” oscillations in the world is a non-trivial task; we might begin with a device that sees only a small 
subset of the oscillations out there in the world, and improve the intelligence of the device over time. 
(The reader might, in fact, note that this is not entirely unlike the likely evolutionary development of the 
eye itself, from a simple light detector to the much more complex organ present in higher vertebrates.) 
Crucially, then, we should not view these proposed devices as merely exercises in the creation (say) of 
specific lenses, but rather as potentially complex combinations of accessible hardware and maximally 
rapid (if occasionally flawed) visual pattern recognition–again, rather like the biological eye.

Seeing Beyond the Visible Spectrum

One of the most obvious limitations of human vision is our electromagnetic imprisonment within the 
visual spectrum. We are generally unable to see the near infrared or ultraviolet versions of the world; nor 
can we see (e.g.) radio waves or X-rays. Indeed, so obvious are these limitations that it is not particularly 
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eccentric to imagine devices to overcome them. The technology for (e.g.) creating wearable infrared 
goggles is by now well established for such tasks as night vision; while for the most part ultraviolet light 
is something that people want filtered out (through protective eyewear) rather than noticed.

In any event, rather than think of these unseen wavelengths as approached directly through eyewear, 
we might instead create interfaces rather like those envisioned for motion in the previous section. That 
is, a camera interface might not be worn over the eyes, but rather in clothing; and the goal of the cam-
era might not be to transfer images directly to the eyes, but rather to “notice” specific phenomena in 
infrared or ultraviolet wavelengths over the course of a day. Such an interface might enable students to 
go back over the events of the day and re-interpret scenes from the point of view of a viewer sensitive 
to wavelengths outside the range of human vision.

Seeing with Intelligent Sensors

As already noted, the types of visual apparatus that we are imagining in this essay involve the interwoven 
design of hardware and software. The previous examples focused on the resolution and frequency limita-
tions of human vision; but there are many more boundaries that could be tested. “Sensors” of various 
sorts could be tuned, algorithmically, to look for particular objects or phenomena in the world. To begin 
with a now-familiar example: current-day photographers routinely own cameras that (in fractions of a 
second) can detect the presence of human faces in the field of the camera’s view, and tune the camera’s 
resolution accordingly. The (surprisingly effective) software behind sensors of this type looks for visual 
patterns and features indicative of a human face, and in this sense loosely mimics the evolutionarily-
derived attention that human beings devote to identifying the presence of faces.

Beginning with this as an existing proof-of-concept, one could imagine equipping students with a 
variety of “intelligent”, software-intensive sensors, ranging from the plausible to the futuristic. If a sensor 
can detect a human face, perhaps one can be devised to make a rapid Sherlock-Holmes-like inventory of 
unusual features in people (a distinctive article of clothing or jewelry). Likewise, if a sensor can detect 
a human face, it seems reasonable that we might create sensors for the presence (e.g.) of birds sitting 
on tree limbs, or butterflies on leaves, or animal prints in the ground, or particularly interesting cloud 
formations, or constellations in the night sky. Perhaps, moving towards more abstract subject matter, 
we could create sensors that look for classical geometric forms, such as parabolic or elliptical outlines. 
In short, then, we might imagine intelligent sensors as ever-alert aids to noticing certain features or 
phenomena in the external world.

There is no reason to stop with these particular examples; it might be instructive, for research purposes, 
to imagine still other types of sensors. Might it be possible to create a sensor to distinguish (with reason-
able accuracy) between inanimate and living entities? Or a sensor to detect Gaussian distributions (e.g., 
of the sizes of many similar objects in one’s field of view)? Or a sensor to look for abstract machines 
of various sorts (levers, gears, linkages)? Again, such examples might prove difficult to engineer–or 
it might only be possible to engineer relatively error-prone versions–but the challenge itself would be 
instructional for educational researchers.

Seeing In and Beyond Three Dimensions

One of the recurring issues in science education is the difficulty of visualizing three-dimensional objects 
and events. Molecular structures, crystal lattices, the interior of the Earth, the structure of the human 
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brain, and myriads of other scientific topics require, for their understanding, an ability to envision, and 
often mentally manipulate, spatial forms. Often, such difficulties only emerge upon reflection: the classic 
misconceptions that many people have about the cause of Earth’s seasons, or the phases of the moon, 
derive from the necessity of three-dimensional thinking for understanding.

In some respects, this difficulty should be puzzling from the evolutionary standpoint. We live, after all, 
in a three-dimensional (spatial) world: why should we find such difficulty visualizing three-dimensional 
objects? The question is profound, and there is no reason to expect a resolution here. Nonetheless, at least 
two points should be noted as likely elements of a complete answer: first, that the initial stages of the 
human visual system are (at least when monocular vision is considered) two-dimensional, with light rays 
projected onto the retinal surface; thus, the effortful recovery of three-dimensional from two-dimensional 
structure is arguably the central task of human vision (Stone, 2012). The tools employed in this task 
include (among others) binocular vision, head and eye movements, multisensory integration (especially 
between vision and touch), and heuristics derived from background knowledge (both conscious and un-
conscious). Even with all these techniques at our disposal, humans are still capable of systematic errors 
in interpreting three-dimensional scenes, such as the famous “Ames Room” illusion (Behrens, 1997).

A second point to be considered in understanding the difficulty of three-dimensional visualization, 
at least for the purposes of science education, is that we (as students) are often called upon to visualize 
objects that in fact we have never actually seen or touched: protein molecules, star clusters and galaxies, 
the interior of a cell. Indeed, the creation of graphical or tangible models to aid this sort of visualization 
has historically been the main business of educational visualization in the past.

What would it mean to imagine visual aids to three-dimensional thinking? Here, we are faced with 
potentially more tricky engineering (and human interface) issues than have been considered up until 
now in this chapter. We might experiment with certain types of visual apparatus: for example, glasses 
that allow the wearer to see the world as if through a pair of eyes placed somewhat further apart than 
human eyes generally are, and thus to see sharper binocular disparity than we are capable of. (In the 
animal world, hammerhead sharks seem to have evolved a head shape with widely spaced eyes for this 
purpose.) Or we might investigate human response to still stranger or more exotic visual apparatus: per-
haps lenses that attempt to integrate multiple (more than two) eyes, or cylindrical eyes that can take in a 
360-degree field of view, or a visual apparatus that is designed to surround an object and “see” it from 
multiple angles simultaneously. It might well be that some of these potential visual devices would be 
unhelpful (or even disconcerting) but others might provide unorthodox intuitions into 3D structure–this 
is an empirical question, and one that might also require caution (in the form, say, of animal testing) in 
the early stages of implementation.

Another approach to these issues – one with perhaps a somewhat greater chance of success – might 
be to integrate relatively straightforward visual apparatus with motor control and tactile sensation. One 
might design visual apparatus whose binocular disparity can be controlled by hand or finger movements 
(so that the apparent distance between the two eyes is completely and smoothly within the control of the 
user), and simultaneously signals the disparity through, e.g., a variable pressure applied to the user’s 
fingertips or forearm.

Having broached the topic of aids to three-dimensional vision, it is perhaps only a mild leap to con-
sider devices whose goal is to explore the possibility of “seeing” (or experiencing) four-dimensional 
mathematical objects. The notion of understanding unseen dimensions (beyond the familiar three of our 
spatial world) is one that has long tantalized mathematicians and geometers; and as Rucker (2014) notes 
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in a marvelous short book on the subject, there have been a few (very few) individuals who have in fact 
claimed to be able to visualize four-dimensional objects.

Again, the standard approach of the educational visualization community would be to attempt to 
design graphical effects that provide intuitions about higher dimensional objects (see, for instance, the 
lovely book by Banchoff, 1990). This, as noted before, is focusing on the problem of the object perceived 
as opposed to the perceiver. What would it mean, in contrast, to design apparatus to approach four-
dimensional vision (or visualization)? As in the three-dimensional case, a possible approach might be 
to employ tactile sensation to register input along an unseen dimension, and to use some sort of motor 
control to move one’s apparent gaze in that dimension. The overall apparatus might involve a headset 
to see a projection (in 3D) of a four-dimensional object like a tesseract; and then to use motor control 
to (say) rotate the object in the fourth dimension while sensing through pressure the diameter (in the 
fourth dimension) of the rotated object. The design of such a device would be a welcome research topic 
for a variety of fields–an interweaving of exploration in mathematics education, cognitive science, and 
human-interface design.

Creating Graphics to Be Visualized with Extra-Visual Apparatus

Throughout this chapter, we have drawn a distinction between designing graphical effects (the traditional 
approach to visualization) and designing innovative perceptual apparatus that expands or refines sensory 
perception. It should be noted that these two approaches are not by any means mutually exclusive: it 
might be profitable to create scientific or educational visualizations whose appreciation is enhanced (or 
made possible) through perceptual apparatus.

Students are already familiar with such artifacts in the form of “3D drawings” that, in combination with 
inexpensive tinted plastic lenses, allow viewers to see drawn figures at a variety of depths by exploiting 
binocular disparity. These may be seen as a proof-of-concept (if one were needed) that special-purpose 
graphical design may be accompanied by special-purpose visual apparatus. The examples of this chapter 
could suggest more complex or challenging phenomena that educators might explore. Conceivably, one 
might create visualizations on a computer screen whose interpretation radically changes in the presence 
of appropriate visual tools. A dynamic display (or video) might include phenomena that occur too fast 
to be visible to the naked eye, but that can be noticed with appropriately-tuned motion lenses. A math-
ematical simulation might be viewed through lenses that filter out (or highlight) phenomena at particular 
frequencies. A coded display could hide a “secret message” using techniques of steganography (Cf. 
Abelson, Ledeen, & Lewis, 2008) and the message might be decoded through the use of special-purpose 
software-augmented visual apparatus. A physical demonstration for a classroom or museum might be 
created so that (e.g.) special-purpose lenses could note phenomena at given speeds, frequencies, or ac-
companied by specific wavelengths of light.

FUTURE RESEARCH DIRECTIONS

The Prospect of Rethinking Common Sense

The various examples and possibilities discussed in this chapter are perhaps new to the field of educa-
tional visualization; but they are hardly unprecedented (or even very daring) in other respects. The notion 
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of augmented visual apparatus is a recurring idea in science fiction – including movies like Robocop 
and The Terminator, and such television staples as Star Trek (with its VISOR device) and the old Eight 
Million Dollar Man series. Numerous fictional characters in these settings have been endowed with vi-
sion that surpasses the biological, including (among other things) sensitivity to wavelengths outside the 
standard visible range, night vision, or telescopic sight.

Moreover, there are aspects of enhanced vision that are often discussed in current technological writ-
ing, but that have (with some deliberation) not been included in this discussion. The alert reader may 
have noticed that there is little discussion here of “Web-connected” vision (e.g., the sorts of scenarios 
in which a student views a famous artwork or historical site and simultaneously reads explanatory mate-
rial about what she is viewing). Nor, for that matter, have we discussed related topics such as endowing 
glasses with abilities such as face recognition or email readers. The reason for highlighting the particular 
topics that we have treated in this chapter is to focus on the issue of sensory limitation for the purpose 
of scientific “common sense” and understanding. It is one (quite useful) thing to see an animal running 
and to read automatically retrieved text about the animal and its biology; but it is another thing to see the 
animal differently–through different visual capacities–than before. Arguably, much of our difficulty in 
understanding scientific concepts stems not from a lack of immediate information, but from the paucity 
or limitations of our bodily endowment.

A harbinger of the growing interest in sensory extension can be found in the fascinating recent book 
by Platoni (2015), particularly in its final chapters. The author describes, for example, a provocative (if 
somewhat discomfiting) subculture of “body modders” who experiment with techniques for expanding 
their sensory apparatus. A typical (if that word can be applied) choice is to implant magnets in one’s 
hands or fingertips; those who have done this (not, it seems to me, without some medical risk) report 
that they are able to detect magnetic fields through an “add-on” to their sense of touch.

The purpose of this chapter is not to advocate for such radical embedded changes to the body (at 
least not without a great deal of caution and prior experimentation); but the individuals encountered in 
Platoni’s book are, in the main, motivated by a sense of curiosity about the world and a defensible sense 
of frustration about the putative biological boundaries of human understanding. It is that notion–the 
notion that we are embodied observers who have the capacity to augment our inborn apparatus–that is 
shared by this chapter. Why can’t we see flowers in ultraviolet wavelengths, as bees do? Why can’t we, 
in high resolution, the flicker of a snake’s tongue, or the movement of a bird’s wings? Why can’t we see 
the polarization of light? Why can’t we see (in graphical form) four dimensional objects? Such questions 
approach basic questions of cognitive science – the relationship between human evolutionary endow-
ment and the limitations of mind–that tend to be suppressed by an exclusive focus on (say) improving 
the quality of graphical presentations or chart design.

At the same time, it is inevitable that exploration in this area will entail not only intellectual or cogni-
tive questions (e.g., how to convey information about high-speed phenomena), but also social and ethical 
issues. Might it be possible for people to become so used to “enhanced” vision that they are, in a sense, 
dependent on it? (The “magnetically enhanced” individuals in Platoni’s book seem to have become 
so accustomed to sensing magnetic fields that they would feel unduly deprived if that sense were now 
to be taken away). The apparatus envisioned in this chapter is, in all cases, temporary and removable, 
but one might imagine students becoming (in a broad sense) addicted to particular sensory extensions, 
with debatable consequences. (An alarming corollary to this scenario is one in which students become 
uncomfortable or even compromised when the additional sensory apparatus is removed or unavailable). 
And there are still other societal issues to consider: might we end up with a world in which the already-



85

Better Visualization through Better Vision
 

troublesome class-driven “technological divide” extends to sensory abilities as well? It is at least possible 
that students with augmented senses would be (or would be perceived as) privileged or advantaged; and 
that those without such opportunities for sensory extension would be seen as lagging behind (perhaps 
not unlike those current-day students without mobile phones).

A brief discussion such as this one can hardly do justice to these (very real) issues–but as the history 
of the cell phone and personal computer show, many of these issues, including those of class distinctions 
or brain alteration, are hardly unique to the world of visual augmentation. Indeed, these types of issues 
have arisen throughout the long history of technological change (arguably dating back to the invention of 
agriculture, numbers, and the written word). The consistency of these issues does not, of course, absolve 
us of considering them in the face of new technology; but we should treat these issues not as sudden 
arrivals in human affairs, but as the latest manifestation of an enduring theme in our species’ history.

In any event–and to return to the subject of education–regardless of how we choose to navigate these 
difficult questions, we nonetheless cannot escape the central problem of scientific understanding, which 
remains, as always, the limitations of “common sense.” According to common sense, the earth is flat 
and doesn’t move; the air surrounding us is not made up of particles but is rather a continuous substance; 
animals come in fixed “kinds” and do not evolve; continents don’t move; nothing can be both a wave and 
particle at the same time; and so forth. Science education is a continual struggle, or interplay, between the 
immediate images of our sensory experience and the (far more effortful and unfamiliar) models derived 
from experiments. To the extent, then, that we can narrow the gap between sensory experience and the 
world revealed by experiments, we can aspire toward a deeper, more transcendent, science education; 
and a greater appreciation of the larger world in which we happen to live.
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KEY TERMS AND DEFINITIONS

Ames Room: A well-known optical illusion created by Adelbert Ames, Jr. At full-scale (some science 
museums boast such a display), the room is an irregular shape which, when viewed from the outside 
through a carefully placed window, presents the illusion of a standard rectangular space. Viewers look-
ing through the Ames Room window will mistakenly interpret two identical objects as having vastly 
different sizes when those objects are placed at opposite corners of the room. (The objects are in fact 
at significantly distinct distances from the viewer, but they are mistakenly interpreted as objects with 
different sizes, and at the same distance from the viewer).

Sensory Augmentation/Extension: A style of design (particularly, in this context, for education) 
emphasizing the ways in which technology can be used to alter or augment the human sensory apparatus.

Stop-Action Photography: A general term referring to a variety of techniques for capturing high-
speed motion in a photograph.

Tesseract: A four-dimensional hypercube: one can think of this as an extension of the cube into four 
dimensions. Perhaps the easiest way to visualize such a thing is to imagine a (two-dimensional) square 
as the result of joining two parallel lines; the (three-dimensional) cube is formed by joining two parallel 
squares; and the (four-dimensional) hypercube is formed by joining two parallel cubes.
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