L CULTURE
ndolph, Dartmouth College

lege Press, develops and promotes the
itical and methodological perspectives.
sortance of visual signs in everyday life,
: termed “new media.” The broad cul-
e developments present new challenges
ciplines. These have resulted in a trans-
al, from “high” to “low,” and from es-
ether approaches to visual culture—
nics critically and break new ground in
s.

2: Rethinking
uilding and Science

auma and Visuality in

"w.upne.com

VISUAL
CULTURES

& SCIENCE

Rethinking Representational Practices in Knowledge

Building and Science Communication

Edited by Luc Pauwels

Dartmouth College Press
Hanover, New Hampshire

PUBLISHED BY. UNIVERSITY PRESS OF NEW ENGLAND
HANOVER AND LONDON




A Theoretical Framework for Assessing Visual Representational

Practices in Knowledge Building and Science Communications

Luc Pauwels

The multifaceted issue of visualization in science basically involves the
complex processes through which scientists develop or produce (and com-
municate with) imagery, schemes, and graphical representations, computer
renderings, or the like, using various means (ranging from a simple pencil
on paper to advanced computers or optical devices). Therefore, not just the
result, but also how it was attained (i.e:, the implicit or explicit methodol-
ogy in the broad sense of the word) and indeed the subsequent uses to
which the result is put should all be scrutinized as to their impact on the na-
ture of what is represented visually and the ways in which this representa-
tion can be employed. Visual representations in science differ significantly
in terms of how they relate to what they purport to represent (i.e., their rep-
resentational and ontological status), the means, processes, and methods
by which they are produced, the normative contexts involved, the primary
purposes served, and the many ways in which they subsequently are used
and combined, to name but some of the more crucial aspects.

Because of the diversity of appearances and applications and the broader
contexts in which they need to be placed (e.g., scientific theory and tradi-
tions, culture, media, and technology), it is indeed a challenge to make gen-
eralizations about the uses and functions of visuals in scientific discourses.
This may explain the remarkably few systematic attempts that have been
made at devising a common, by necessity rather basic, framework for in-
creasing insight into this complex domain. This chapter seeks to present
such a general framework for looking judiciously at visual representations in



the context of scientific endeavors. It discusses a number of critical aspects
that should be considered when producing, reading, or (re)using visual mﬁ-
facts. It will not be able to do justice to all aspects of and perspectives on this
complex problematic but might at the least help to bring some basic struc-
ture into it. The purpose of this model is to stress that the sciences, despite
their differences, in fact do have a lot in common—both difficulties m.nn_ sO-
lutions—and that bringing them together may illuminate future practice.

1. The Varied Nature of the Referent

The array of objects or referents of visual representations in m&@.:om m.m very
broad and of a highly heterogeneous nature. Visual representations in sci-
ence may refer to objects that are believed to have some kind of material
or physical existence, but equally may refer to purely mental, conceptual,
abstract constructs and/or immaterial entities.

Material or physical referents may have visual characteristics ﬁ.wmﬁ are
directly observable to the human eye (e.g., various types of human interac-
tion, the external structure of animals, trees, etc.). On the other _\_m.bmv n_pw.mm
are objects and phenomena with aspects that only become visible with
special representational means and devices (e.g., they can be observed only
using special techniques or instruments such as high-speed photography,
satellite image transmission, a telescope, a microscope, or an endoscope).
These aspects may be too fast (e.g., an explosion, eye movements), too
slow (e.g., transformations in a living organism), too big (e.g., mﬂ.o_r:.. con-
figurations), too small (e.g., microscopic organisms), too similar (e.g.,
color of vegetation), or too far away (e.g., planets) for the human eye to
discern, or they may be hidden (e.g., organs of a living body) or inaccess-
ible unless destructive course of action is taken (e.g., by dissection of an
organism, creation of a cross section of an object, excavation of remains).
Furthermore, physical objects or phenomena may not have visual charac-
teristics as such and still be translated from a non-visible state (e.g., sound
waves, thermal radiation) into visual representations using special devices.

Representational practices in science often do not seek merely to re-
produce visual or non-visual phenomena but also to provide visual data
representations (e.g., charts) of aspects of these phenomena based on
measurements of some kind (length, weight, thickness, resistance, quan-
tity, temperature, verbal responses, etc.). In the latter cases, data are de-
rived from or constructed on the basis of an observed reality and subse-
quently represented in a visual form that allows one to discern changes or
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see relationships more clearly. While the resulting representations are based
upon empirical observation or interrogation of the field, they are not reflec-
tions of visual natural phenomena. They are rather visual representations of
observations in the physical world that are not necessarily visual in nature.
In other words, what is represented are not physical objects or phenomena,
but data that are constructed by observing aspects of the physical world.
The relationships among the data and their representations are much more
abstract/arbitrary and conventional, though some aspects may also be #z0-
tivated or iconic (i.e., they may bear some resemblance to the referent). For
example, graphical representations of the evolution of the birth rate within
a particular population over a certain period of time, temperature fluctua-
tions during one month in summer, or the number of murders per state do
not necessarily entertain a visual iconic or indexical relationship with a
physical or material referent, as often there is none. Instead, these data rep-
resentations may have a mental referent as far as the source is concerned,
since the representations are not so much depictions of phenomena in the
real world as conceptual translations of aspects of it. Yet, they are based at
least in part on quantitative or qualitative aspects of an observed reality of
some kind and thus are not purely invented or products of the imagination.
The referent of a representation may be even more immaterial and ab-
stract in nature: for example, representations that primarily seek to visual-
ize relations among observed phenomena, hypothetical relationships, pos-
tulated phenomena (e.g., black holes) or effects, and even purely abstract
concepts. The referent of such representations may become an almost
purely mental construct that has no pre-existence in the physical, historical
world whatsoever. Nonetheless, representations of these kinds of referents
may play an important role in understanding or influencing that world.
Finally, it should be noted that many representations in science com-
bine several of the abovementioned aspects and thus have different refer-
ents. Certain aspects of the representation may, for example, refer in an
iconic way to an observed visual reality (e.g., it might mimic its shape or
color) and at the same time include conceptual structures (such as meta-
phors) or symbolic elements (arrows, markers, colors, shapes). An edited
film will refer iconically to the depicted subject matter (i.e., it will reflect it
to a certain extent), but at the same time it might allow scientists to ex-
press their vision or theory by means of the manner of recording and sub-
sequent editing processes. In fact, as is argued in chapter 6, mimesis with-
out expression is virtually impossible. At the root of every presentation of
fact is an implicit or explicit theory, a particular way of looking. In fact,
visual representations may not only refer to the material world or to an
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Figure 1.1. The divergent nature of the referent, from material existence to mental construction.

abstract or imaginary world but also may refer to a possible world, as is
the case when scientists perform simulations to get an idea of what might
happen when combining such and such parameters or phenomena.

This concise taxonomic preamble with respect to the nature of the ref-
erent already indicates the wide variety of material and immaterial things
that a visual scientific representation, be it static or dynamic, may refer to.
But I also have touched implicitly in this brief introduction upon the diver-
sity that exists with regard to types of translation processes and actors in
the production cycle, as well as the different purposes and intents of repre-
sentations and specific contexts of use. The presentation and discussion of
the complex interplay of these aspects constitutes an analytical framework
for visual representations and related practices in the sciences.

2. Representational Production Processes: Social, Technological,
and Cultural Aspects
Inscription, Transcription, Invention, and Fabrication

Every representational process involves a translation or conversion of
some kind; a process of inscription, transcription, and/or fabrication
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whereby the initial source (phenomenon, concept) is captured, transformed,
or even (re-)created through a chain of decisions that involves several actors
(scientists, artists, technicians), technological devices, and normative set-
tings. This complex process of meaning-making has an important impact

“on what can be known and how, on what is revealed or obscured, and on

what is included or excluded.

The ontological relation between a representation and its referent is al-
ways somewhat problematic even with so-called automated processes.
However, all types of translational processes are not problematic to the
same degree nor in the same sense. It is therefore not very useful to chal-
lenge iconicity in general and thus to ascribe to all types of representation
a similar degree of arbitrariness. Also, the use to which a representation is
being put constructs its representational status, at least in part.

AsThave argued in the previous section, the divergent nature of the ref-
erent in science prefigures the crucial importance of the equally divergent
processes of producing a visual representation. These processes not only
involve technical issues but also encompass important social and cultural
aspects. Obviously, technology and each of its products are part and par-
cel of culture (i.e., they are both a cultural product or result and a cultural
actor or force), both in a broad cultural and a more restricted sub-cultural
sense (e.g., scientific disciplinary practices and purposes), and they em-
body specific norms and values. For example, the specific look and the
functionality of a photographic camera (i.e., dominance of the center of
the frame for both exposure and focus) to some extent reveals what its in-
ventors and subsequent developers valued the most and what kind of ap-
plications they primarily had in mind (e.g., portraits). But apart from the
characteristics of the instrumentation, which are to some degree a result of
cultural processes as well, a host of other social and cultural influences at
the moment of choosing and selecting the objects and samples also have
an important impact on how the representation will appear as well as on
the purposes it may subsequently serve.

Analyzing the Social and Cultural Setting: Division of Human Labor
and Different Normative Contexts

Barbara Rosenblum, in her sociological study of photographic styles, dem-
onstrates quite convincingly how the “look of things,” in particular the
typical appearance of press, mﬂ.rhm:n_ advertising photographs, are to a sig-
nificant degree a function of social, technological, and cultural factors and
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constraints that are connected with their creation. Her research into these
areas indicated that “photographic styles are directly correlated with
systems of production and distribution.” Her observations of news
photography as a highly conventionalized and comparatively homogene-
ous “system of images” that is generated within a bureaucratically co-
ordinated system (Rosenblum 1978, 111) provide some interesting par-
allels with at least some of the ways in which imagery is produced in
scientific contexts. After all, the division and standardization of labor, tech-
nological constraints, professional ethics, time pressure, as well as eco-
nomic factors, all play a significant role in their creation, look, and value.
Drawing on several fields of expertise and modes of practice, Charles
Goodwin (2001, T57) argues credibly that an ethno-methodological per-
spective provides an essential complement to any study of visual represen-
tation that seeks to go beyond textual borders and into the broader con-
texts of production and uses.

Sociologists of science have studied the complex interactions in a la-
boratory setting where science is being produced (Goodwin 2001; Latour
and Woolgar 1979; Lynch 1985b), an approach that yields insight into
how an object of inquiry is selected, delineated, and prepared to fulfil its
role. Lynch has looked at the laboratory setting and the processes by
which natural objects are visualized and analyzed. Preparatory proce-
dures that turn the object of investigation into a “docile object” fit to be
studied according to the established methods and mores of science, the
instrumentation and the laboratory set-up all challenge the idea that sci-
entific visualization provides an unproblematic or uncompromising
“window” onto the natural world (Lynch 1985b, 43-44). Similar pro-
cesses are at work when scientists make observations in the field, as ob-
jects likewise are selected and prepared to be subjected to scientific prac-
tices or made to participate in data-generating procedures. Not only
natural scientists, but also social scientists try to produce “docile objects”
through sampling techniques, pre-structured questionnaires, and statisti-
cal operations. What cannot be measured, or only very inconclusively, is
often overlooked and assumed to be non-existent. The picture that is ob-
tained by the established procedures often is presented as a reliable and
valid reflection of a broader phenomenon or population. Even in more
qualitative types of visual research, such as anthropological filmmaking,
the crucial importance of the process of data gathering and processing is
recognized, and fierce debates continue to rage about what types of ex-
pertise should be combined in the scientist, what are (in)appropriate
forms of collaboration with professional filmmakers and/or editors, how
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the field can be involved actively, what purposes a scientific film may ful-
fil, etc. (Pauwels 1996).

Furthermore, the issues of research funding, academic recognition, peer
relations, and societal trends must all be taken into account if one endeav-
ors to reveal and explain the processes that lie at the heart of particular
visual representations of facts or ideas. They likewise may influence what
is selected and how, and the way in which it is processed.

The Varied Nature of Visual and Non-Visual Transcription

There is a fairly significant though not exclusive or unconditional relation
between the nature of the referent and the processes through which a rep-
resentation is or ought to be produced.

Obviously, conceptual constructions that have no material, let alone vis-
ual, substance cannot be recorded automatically or according to standard-
ized and repeatable processes (for example, mental images cannot be
hvoﬁommmwr& or scanned electronically), as they are the result of multiple
intentional acts that, first and foremost, require a suitable production tech-
nique for such highly intentional activity (e.g., pencil and paper or a com-
puter drawing package). The involvement of the originator of the idea is
paramount, and a demanding process of translating a mental image into an
inter-subjective visible image is required. Aspects or dimensions that can-
not in any way be visualized or verbally described are in fact lost to science.

Objects or phenomena that are visible to the human eye through direct
o.vmﬂémmon. on the other hand, can be captured by representational de-
vices such as a photographic camera that will produce detailed representa-
tions characterized by uniform time and a continuous space. This may re-
sult in a kind of indifference (some might say objectivity, though this may
be too burdened a term to use), since all elements and details are treated
equally (even though photographers have ways of foregrounding or em-
phasizing certain aspects at the expense of others, such as through mrm
choice of lens, film, filters, lighting, framing, viewpoint, etc.). However, di-
rectly observable phenomena also can be represented through more swmc-
ual techniques, using simpler media, such as pencils and brushes, which
require much more intentional series of acts by humans (draftsmen, illus-
trators) and which produce imagery that do not have a uniform time (in
fact quite some time may pass during the creation of the different parts of
the representation) and that are not bound by continuous space or a uni-
form use of scale.
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Every representation requires some kind of device or medium. %m.ﬁ itis
useful to make a distinction between mediation processes that are highly
automated, or algorithmic processes (e.g., photography), and more man-
ually and intentionally performed activities (e.g., rmsm-m.nmsﬁ or A.rusws
representations). However, these are not absolute categories and it is bet-
ter to think about this useful distinction as two extremes of a continuum.
Moreover, current digital technologies have blurred the &oroﬁ.oB%
between machine-generated and handmade imagery and increasingly
have allowed for more complex combinations of the two (for instance,
digital photographs that can be manipulated at will with the aid of so-
phisticated software). N

The process whereby one works from a directly S%Ew wm\w&i to a
visual representation of it would appear to be the most straightforward,
but even then a great variety of techniques are available. Moreover, even
the more commonly applied techniques have their intricacies, which are
easily overlooked. This is true of relatively simple and ubiquitous tech-
niques, including photography of directly observable phenomena, where
one often has the advantage of being able to compare the referent (the ob-
ject or phenomenon with a material existence) and the mahmoaws (a draw-
ing or photograph). However much such devices may differ in terms of
the manner in which they #ranslate an object or phenomenon into a
record of it, it is important to note that both the source or the Homonaa.;
(the natural object or phenomenon) and its representation are visual in
nature and are respectively captured and constructed by methods or pro-
cesses that are essentially visual as well, In such instances, there is at least
the theoretical option of comparing the source and its representation in
order to assess to what degree and in which respects they resemble one
another. Thus, a check of correspondence can be performed, albeit only
to a certain degree.

A much more complex translation process occurs when the referent is
visual and physical in nature (though often hidden from direct observa-
tion), while the intermediate steps are not based on reflected visible light
waves. This is the case, for example, when ultrasound scans or X-rays are
used: In these instances, it is not light that is reflected by the object that is
recorded, but a reaction of other types of invisible waves to some charac-
teristic or aspect (such as density) of the structure of the referent. These
translations, while equally indexical in nature, typically require a more
cumbersome process of decoding and calibrating (see, for example, Pas-
veer 1992) and they do not allow a simple check of visual correspondence.
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Radiologists, for instance, need to learn how to read these images and
even then they may differ on how a particular one should be interpreted.

If the translation process is not visual or if the referent is inaccessible or
invisible to the unaided human eye, one has to rely on—and thus transfer
authority to—the “machine” (Snijder 1989) in order to chart often un-
known territory. In such cases, one has to be particularly aware of the pos-
sibility that one is looking at artifacts of the instrumentation, that is, ob-
jects and effects that are generated by the representational processes
themselves and that do not refer to anything in the outside world or at
least not to the phenomenon that is under scrutiny. In many data-
generating processes, it is not always easy to differentiate #oise from daza.
Artifacts or effects thus may be attributed erroneously to the outside
world while in fact they are produced standardly by the instruments or as
a result of technical failure. Moreover, an atypical representation also may
result from an unexpected and unaccounted for event or coincidence in
the physical world.

So, especially if the referent is of an uncertain nature, the problem of
artefacts of instrumentation may arise. This may be the case when the ex-
istence of the referent is postulated rather than confirmed by fact and the
process of representation serves the purpose of providing such evidence,
or when complex instruments are being used, or when aspects of reality
can only be seen through the instruments, that is to say, as a representa-
tion. But even with very realistic renderings of directly visible objects (e.g.,
simple camera images of directly observable phenomena), one should be
wary of the possibility of effects induced by the instrumentation. Such ef-
fects can present themselves to the uninitiated eye as qualities or traits of
depicted objects (color, shape, spatiality) while in fact they are merely
properties of the instrumentation (e.g., the extremely foreshortened per-
spective when using telephoto lenses makes objects appear much closer to
one another than they are in reality; internal reflections may produce flare
and ghosting; etc.).

In a similar way, scientists should be aware of the possibility that im-
portant aspects of the referent might not be captured by the instrumenta-
tion (e.g., because of an inadequate resolution or insensitivity caused by a
limited spectral range) or might mistakenly be weeded out as noise.

Instruments, in addition to capturing or recording data, invariably both
reduce (or lose) data and tend to mold (and add) data in a particular way.
These two phenomena in themselves should warn against a naively realis-
tic view of the merely technical aspect of representation.
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Algorithmic Versus Non-Algorithmic Processes

Technically sophisticated instruments that produce representations or im-
ages in a highly automated and standardized way (such as cameras and
scanning devices) are generally thought of as the most suitable for scien-
tific purposes, as they produce coherent, reliable, and repeatable represen-
tations with a predetermined level of detail. Moreover, they tend not to
rely too much on personal judgement or skills in the process of image gen-
eration, unlike manual techniques such as drawing (though the interpreta-
tion of such representations may still require a lot of personal judgement
and experience!).

However, in some cases more intentional processes and products may
be far more convenient. This is true, for instance, if the depiction is zoo
detailed for the intended purpose. This may be the case when using a
highly automated and indifferent process such as a camera recording.
Such a recording can be indifferent in the sense that all visible elements in
front of the lens receive the same treatment, irrespective of whether they
are relevant to the researcher. Thus, the essence of the recording may be
obscured by unneeded, distracting, or irrelevant detail that can prevent
insight. Furthermore, intentional processes allow a much swifter combi-
nation of different types of signs (iconic, indexical, and symbolic) and
levels of signification. Consequently, they may yield a more functional ex-
pressive presentation of fact and vision. A third important consideration
is that intentional processes may provide a much needed synthesis of fea-
tures rather than a simple transcript of a particular (snapshot-like) in-
stance of a phenomenon.

For instance, ornithologists who use imagery to determine the species
of a particular bird encountered in the field may be better off with well-
crafted illustrations of a number of similar-looking species—such as a
colored drawing that contrasts a heron (Ardea cinerea L.) and a purple
heron (Ardea purpurea L.). After all, they can derive from such a drawing
how the two birds differ in general. Color photographs, on the other
hand, necessarily show a particular specimen of each type of heron in a
particular stage of its development and photographed against a particular
background, in particular light conditions, from a particular angle. This
photographic particularity may be less helpful in determining the species
of an individual bird in the wild. On the other hand, purposefully sim-
plified representations and abstractions may instill some misconceptions
in people’s minds if they are not duly communicated or if they are used for
other than the initially intended purpose. For example, medical students
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_ Figure 1.2, Determining aspects of the production/translational processes on the appearance of
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the visual representation.

- may be baffled by the visual difference between stylized and simplified

anatomical drawings of heart, lungs, and vascular system in their intro-
ductory courses and the real thing. Similarly, engineering students may be

surprised by the difference between a highly stylized drawing of engine
‘wiring and the three-dimensional reality of a dismantled engine that

needs reassembling.

Scientific illustration as a sub-discipline of science is an interesting ex-
ample of a specialization that has evolved in recognition of the fact that
both scientists and artists in general lack the skills to produce renderings
of birds, human anatomy, or complex technical artifacts with the required

level of detail and generic faculties. Using artists who are very skilled in

drawing but largely unaware of the exact purpose of the illustration inad-
vertently will produce imagery that may thwart that purpose. For exam-
ple, they may make “corrections” according to their own aesthetic insights,

or provide too much unnecessary detail, or fail to highlight elements prop-
erly that do not stand out very well in reality because they are buried in
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other visual stimuli but that are nevertheless central to the purpose. Scien-
tific illustrators, on the other hand, need to be well-versed in both the art
of illustration and in specialized fields of science. They are trained to have
a thorough and fully integrated knowledge of the subject matter or con-
cepts that they are asked to draw and of the exact scientific and didactic
purposes their products need to serve.

3. The Visual Product: The Impact of Medium and Execution
Cultural Impact on Style and Use of Media

Visualization obviously results in a product that can be seen: a graphic
representation, a photograph, a computer rendering. The term “represen-
tation” in this chapter is restricted to what in “social studies of science” is
commonly referred to as “inscription” (Latour 1987; Roth and McGinn
1998) as some authors feel that “representation” as a general term is
rather ambiguous. However, this should not be the case if one requires
that a visual representation has a material substance that is intersubjec-
tively available as a social object. Mental images then, have no material
and intersubjective character and therefore will not be called representa-
tions here. (They may, however, be the referent of a representation.)

The products of a visualization process emanate the characteristics of
the (final) medium or successive operations as well as the features of the
particular application or instance: the selections and choices of what and
how to depict. The end medium or medium of presentation has an impor-
tant impact on the final appearance of a visual representation. But while
each medium has a number of preset characteristics, within each medium
there is almost always a great variety in the manner in which a particular
referent may be represented (mimetically and expressively). This choice
and combination of specific formal options henceforth will be referred to
as the “style of execution.” The style of execution is only partly deter-
mined by the medium. The notion of a wide variety of styles within the
same medium is illustrated easily by divergent painterly traditions such as
Cubism and Hyperrealism. Similarly, scientists may choose a variety of
methods and techniques (ranging from realist to extremely stylized to
metaphorical or even phantasmagoric) for depicting a particular subject
or idea. These variations in style have to do with genre conventions, cul-
tural schemata, scientific traditions, specific circumstances of the produc-
tion process, skill, preferences and idiosyncrasies of the maker, as well as
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ific purposes the representations need to serve. To complicate mat-
rther, various media and styles may be combined in a particular rep-
ion, lending it a highly hybrid character.

if the referent is a phenomenon that is accessible through direct
vation, this is still not a guarantee for a faithful or reliable reproduc-
-especially if a non-mechanical process such as hand-drawing or
ng is involved. This is particularly true if phenomena are drawn
memory after a brief and perhaps exciting encounter (for instance,
early drawings of newly discovered animals). For representations
ed on first encounters or limited study, it is unlikely that even the sci-
ists know to what extent their representations have a rule-like (gen-
) as opposed to an exception-like quality (deviant). Even if memory is
-the major obstacle, perception is always colored by prior knowledge
other phenomena, drawing conventions, cultural representational
mata, matters of skill, and mental processes. The human mind, as
stalt psychologists revealed, seems very eager to fill in the gaps and to
ke us see what we want to see. Art historian Gombrich provided a
book example of this when he commented on Diirer’s famous wood-
of a rhinoceros: “He had to rely on second hand evidence which he
d in from his own imagination, coloured, no doubt, by what he had
arned of the most famous of exotic beasts, the dragon with its armoured
ody” (Gombrich 1994, 70-71). But even drawings that are claimed to
ve been made “from life” (“sur vif”), such as Villard de Honnecourt’s
jon and Porcupine, may not provide us with depictions that are as faith-
1 as the medium allows, but can be highly ideosyncratic or artistic ren-

erings, which in de Honnecourt’s case included a quirky, stylized lion
t would better serve heraldic purposes than (naturalistic) representa-

onal ones. Gombrich concludes that the claim that it was made “from

e” clearly must have had a different meaning at that time (about 1235):

e can have meant only that he had drawn his schema in the presence of

real lion” (Gombrich 1994, 68). In this same classic of art criticism,

sombrich provides another remarkable example of the impact of cul-

ral schemata on the style of a representation when he comments on a

trangely oriental-looking illustration of Derwentwater in the English

akeland by Chiang Yee:

We see how the relatively rigid vocabulary of the Chinese tradition acts as
* a selective screen which admits only the features for which schemata exist.
The artist will be attracted by motifs which can be rendered in his idiom.
As he scans the landscape, the sights which can be matched successfully
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with the schemata he has learned to handle will leap forward as centres of
attention. The style, like the medium, creates a mental set which makes the
artist look for certain aspects in the scene around him that he can render.
Painting is an activity, and the artist will therefore tend to see what he
paints rather than to paint what he sees. (Gombrich 1994, 73)

Visual Representational Latitude: Coping with Controlled and Uncontrolled
Variation in the Depicted and the Depiction

Though visual media and techniques provide many unique advantages in
representing the physical world and in expressing scientific ways of think-
ing, as soon as a certain level of abstraction or generalization is needed—
an essential facet and phase of many scientific undertakings—some dis-
tinctive problems may arise.

Verbally, for instance, one can state that a certain bird species may have
three to seven spots on its wings. However, when producing a visual rep-
resentation, one inevitably must draw a definite number of spots. Visuals,
unlike verbals, do not offer the option of indicating a range, say “from
three to seven.” Instead, a choice needs to be made out of the five possibil-
ities when representing in a single drawing a species that exhibits that
amount of variation. Moreover, if a photograph is used, one is even forced
to show a particular specimen of the species (or a series of photographs of
different specimens), of a particular age and sex, and in particular circum-
stances (habitat, weather, time of day, season). Neither intentional nor
more automated (algorithmic) visual images can in themselves express in
a simple way the variation (in shape, color, amount) one may expect to en-
counter in the real world, nor can they fully explain the connections
among the particularities of the representation (the variation in the depic-
tion) and what they seek to refer to (the phenomenon and the different
forms it can assume in reality).

This multifaceted problem of different types of justified or unjustified
variation in scientific representations, combined with both the variation
that exists within the species or phenomenon that is depicted and the
variation in the depiction of certain phenomena or ideas, could be termed
“visual representational latitude.” This latitude will be determined partly
by the capacities of the medium applied (e.g., intentional versus algorith-
mic media) in coping with the variation observed within the depicted
phenomenon or process, but more importantly by the manner in which
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(see Figure 1.1)
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e.g., resolution,
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permanence, interactivity,
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Style / Execution

- Realistic
- Schematic
- Metaphorical
- Mixed
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- Scientific representational traditions
- Level of skill/ proficiency
- Personal preferences
- Purpose-driven choices

CONTEXT / USES
(see Figure 1.4)

Figure 1.3. Inherited, medium-related, and execution-specific characteristics and constraints of

visual representations.

that medium is used, including the stylistic options it offers, the scientif-
ically motivated choices and the various liberties that producers allow
themselves. The “room for maneuver” or representational margins may
or may not be purposeful, functional, and understood.

Visual representational latitude, therefore, is not just a producer’s (or
sender’s) problem, that is, it is not just a matter of deciding how to express
<.mnmao=, of choosing the right level of iconicity or abstraction for a spe-
o.bmn purpose. It is also a user’s (or receiver’s) problem: What kind of varia-
tion is to be expected in the real world, and which elements in this particu-
lar representation are motivated by a perceived reality, and which others
are due to specific, intentional, or unintentional choices of the producer,
 limitations of the medium or larger production context? To what extent is
every choice to be interpreted as “necessarily so” or as just “one way of
putting it”? If, for instance, a physical phenomenon s depicted as consisting
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of a core with, say, twenty-three particles revolving around it, one is still
uncertain whether this exact number of particles is a unique and thus de-
termining trait of the phenomenon or whether the person who produced
the diagram merely meant to indicate that many particles are revolving
around the core. Similar questions could be raised with respect to the rela-
tive distance of the constituting parts of the drawing, their scale, color, and
shape, etc.

Verbal comments (e.g., in the form of an extended legend) are one way
of making sure that users know what they are looking at, what codes are
being used, what semiotic variation is being employed, and what represen-
tational claims are put in effect by the representation. Another way is to
develop further a visual language of scientific representation, which in a
sense restricts the ways in which visual elements may be employed but at
the same time enables a more visual and less ambiguous form of informa-
tion transfer and expression.

4. Types and Contexts of Use: Matters of Encoding and Decoding
Representational Constraints

Representations cannot serve adequately just any purpose or intent. Vari-
ous significant relationships exist between the type of referent, the produc-
tion process, the medium, and the types of uses and claims that can be at-
tached to them. Visual representations must have the necessary properties
to fulfil certain functions or uses. These properties, for that matter, refer
not only to the characteristics of the medium that is employed but also to
the broader contexts of both production and use.

Mitchell distinguishes between two types of representational “con-
straints” or, put differently, two factors that both the producer and user
will have to take into account when trying to apply visuals successfully in
a communication and cognition process. First, there is what he calls “rep-
resentational commitment,” by which he means that certain techniques
are (more) appropriate for recording certain things and less suited or even
totally unsuited for recording others: “different medical-imaging tech-
niques—CT, ultrasound, PET, MRI, and so on—are committed to acquir-
ing different types of data about bony and soft tissue diseases and physio-
logical activities, and so are used for different diagnostic purposes”
(Mitchell 1992, 221). Similarly, black-and-white photography may offer
the right kind of detail to study naturally occurring phenomena in a social
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context and thus may be an ideal tool for anthropologists and sociolo-
gists, but in some instances this representational choice will be less than
adequate. This will be the case, for example; when documenting trends in
fashion, home decoration, or the like, where the use of color embodies es-
sential information, or when a detailed account of processes is required,
which can only be achieved by means of a continuous record of moving
images. A second requirement that Mitchell puts forward is that a visual
representation “must have the correct type of intentional relationship to
its subject matter” (Mitchell 1992, 221, italics added). Some examples
may help illustrate the importance of this requirement: The picture of an

~ escaped convict may help police track down that particular individual, but
~ his facial characteristics cannot be used to identify other individuals with
- criminal tendencies before they can actually commit a crime. A scan of a
~ pathogenic heart may serve as a diagnostic tool to help one particular pa-

tient, but that is not to say that it is the most appropriate representation

 for use in a general biology textbook. A picture of a young blond girl liv-
- ing in Norway could be used as a visual representative of the Norwegian

population, and as such she would be interchangeable with thousands of
other Norwegian girls. However, if one uses a particular picture of a
young blond girl on a missing person poster, it is not necessarily the girl
who bears the greatest resemblance to the picture who is being traced, but
the actual girl who is represented in the photo, even if she might today no
longer resemble that image at all. This implies an indexical, not just an
iconic relation!

‘Mitchell’s dual requirement that particular representations should be
(1) “fit for the particular uses to which they are put” (representational ca-
pability) and (2) be “about the right sort of thing” (intentional position-
ing) may remind us of the long-established scientific requirements of rep-
resentativity and validity, and indeed can serve as an important element of
their much-needed visual translation. Both terms underscore once again
the paramount importance of distinguishing clearly between the varying
functional capabilities of different types of visual representations in sci-
ence. Moreover, they may help overcome the idea that visual media have
intrinsic representational qualities irrespective of their use and production

~ context (e.g., the false but persistent view that photography is always bet-

ter at describing than drawings, or that paintings are always more expres-

_ sive than photographs, and that the latter are highly “objective” records).

Yet the same medium types of representation may serve a great many

_ purposes and they may entertain widely divergent relations with the de-
~ picted matter. Furthermore, a particular visual representation that was
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made for a specific purpose may be suitable for other purposes, even mm.:.
some that were not envisioned at the time of production. However, in
most cases one needs to know exactly how the images or visual represen-
tations came about and what their broader context of production was be-
fore one can assess their validity for those other purposes. The use one can
make of a representation is determined, to a considerable extent, by its
generative process (choice of visual medium and broader @n@&ﬁnﬁ_os as-
pects, choices regarding style, selection and preparation of m:_u_owﬁu norma-
tive systems) vis-a-vis its intended use. So, insofar as this is possible, a pre-
determined purpose should guide the production process. Some purposes
(e.g., the exploration of a naturally occurring phenomenon) may require
an indifferent, detailed account of particularistic data in their specific con-
text, while others (e.g., educational aims) may be served better by highly
stylized and synthetic representations highlighting only the essence of a
more general phenomenon. So the medium and techniques in part will de-
termine the uses that can be made of a representation, but even represen-
tations produced with the same medium or technique may have widely di-
vergent intents and representational positions.

Kinds of Intents and Purposes

The intents and purposes of visual representations in scientific discourses
are manifold. For one thing, natural phenomena might be visualized for
the purpose of further analysis: to make a diagnosis, to compare, to de-
scribe, to preserve for future study, to verify, to explore new territory, to
generate new data. Representations that serve these primary purposes
often will be algorithmic in nature and they may have only an intermedi-
ate function, since they are primary data. Visual representations that have
no material referent may serve primarily to facilitate concept development
or to uncover relationships, evolutions (e.g., through charts of all kinds)
and, in general, to make the abstract more concrete and thus more access-
ible for further inquiry. Forms of externalized thinking (conceptual
graphs) may be useful both on an intra-personal level (for example, to
guide researchers in a dialogue with themselves) and an inter-personal/
inter-specialist level (to exchange ideas in an early stage, to invite feed-
back, or to prompt co-operation from peers).

Visual representations not only serve analytical and intermediate pur-
poses, but they are often also used to summarize or synthesize nB?nom_
findings or a theoretical line of thought. Thus they may provide an over-
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view, display results in their spatial organization or conceptual relations,
or clarify the textual or numerical part. More synthesized or purposefully
assembled visual representations in science generally serve to facilitate
knowledge transfer in a variety of ways and seek to communicate with di-
verse audiences. They can illustrate, demonstrate, or exemplify features,
relations, and processes, or provide mediated experiences in ways that
are adapted to the audience (which may vary from highly specialized to
lay audiences).

Many visual representations intentionally or inadvertently will embody
an implicit or more explicit view on or argument about what is being pre-
sented visually, through the many elements and choices that make up the
representation. This expressive function of scientific visualizations need
not be a problem as long as it is duly acknowledged and, if so required, ex-
plained. As intentional forms of communication and through the selection
and formal execution of the representations as well as by their thoughtful
arrangement in the broader context of an article—a presentation or a
multimedia product—visual representations will attempt to exert a certain
amount of persuasion. Often, receivers or users of the representation will
be invited, seduced or even compelled, in subtle ways, to adopt the views
of the sender and to perform the preferred actions (to believe, give ap-
proval, appreciate, change opinions, donate money, or support morally).
For those reasons, but also for the more acclaimed function of cognitive
transfer and education, a visual representation may perform the function
of an eye catcher, a means to arouse and maintain attention and interest,
or even to entertain the reader/spectator (and thus bring them into the
right mood for acceptance). Some aspects of a visual representation in sci-
ence may even perform no other function than to appeal to the aesthetic
feelings of the receivers or just be an expression of the personal aesthetic
preferences of the maker. These latter functions, though not readily asso-
ciated with a scientific discourse, are not necessarily detrimental to the
mission of a scientific undertaking, as long as these traits do not interfere
with the more fundamental functions of data or cognitive transfer, and on
condition that transparency is provided.

While one can never be complete in the listing of possible functions and
intents of a scientific visual representation, this brief discussion of func-
tions demonstrates that the idea that scientific visualizations and represen-
tations are solely meant to generate and present objective data or to facili-
tate pure cognition should be abandoned. It should be clear that most
functions and intents that are found in human communication in general
also will be found in scientific representation, though some functions and
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routinely is characterized by many different skills, viewpoints, and goals
spread over as many actors, the vagueness and multi-interpretability and
multi-usability of the same representations may at times even play an im-
portant role in mitigating possible tensions among these heterogeneous
contexts of actors, viewpoints, and functions (specialized and non-
specialized audiences: scientists, designers, sponsors, management, etc.)
and promote co-operation and mutual understanding. Star and Grie-
semer (1989) have coined the concept “boundary object” to denote such
interfaces between multiple social worlds that serve to facilitate the ex-
change of skills, knowledge and materials among different social actors
(Roth and McGinn 1998, 42). For instance, a map of an area, which is al-
ways a highly reductive representation, may be a “boundary object” to
the degree that it is accepted and used by multiple parties to serve their

needs. It then becomes a communication device across social and discipli-
nary boundaries.

4. Target

> nd
ose(s) a Audiences

0 Aid to concept development
O Input for further analysis

0 Communicate results / inform
0 tlustrate / clarify / exemplify
0 Pedagogical / educate

O Stimulate co-operation

0 Persuade / "sell" ideas

in/ 0 Other stakeholders
0 Entertain / amuse

o Mixed audiences

5. Re-use /
Reécontextualization

1 Used for other purposes
than intended

0 Used for other audiences
than intended

11 Combination with new /
different "text" elements

words) and design

Figure 1.4. Representational status, context, and use: connections between representations,
purposes, and audiences.

Chart flow: Visual representations with a particular ontological status (1), in interaction with
other representational and presentational elements (2) may be used for different purposes and
intents (3) with specific target audiences (4) in mind. Subsequent uses (5) may involve new goals
(3) and new textual combinations (2) for different audiences (4) and may challenge the
ontological status and the representational fit of the original presentation (1).

intents obviously will serve a more central role while omwo.n.m will not .mm»-
ture prominently or may be intended to perform an mcx:_mQ function.
Moreover, it should be clear that any visual representation :moﬂ as part of
a scientific discourse will serve and combine different functions at the
same time, whether intentionally or unintentionally. These purposes may
be scientific in a narrow sense, but they may also have to do with intents
that lie outside the realm of the acknowledged scientific purposes, such as
to serve vested interests of persons and institutions (see, for ox.maw_o,
Lynch and Edgerton 1988). Finally, it should be stressed that &o different
functions that are embodied by aspects of the visual representation may be
read or decoded in many different ways by different receivers (based on
their intents, experience, formal background, etc.) in different .ooamxﬁm
and over time. This need not always pose a problem. As scientific work
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5. Conclusion: Developing Visual Scientific Literacy

The principle underlying this chapter is that representations and represen-
tational practices may be extremely helpful in developing, clarifying, or
a.msmgmanm scientific knowledge. However, when not produced and used
with extreme care and competence, they may create at least as much con-
fusion and misunderstanding. If one considers scientific representations
- and the ways in which they can foster or thwart our understanding, it is
clear that a mere object approach, which would devote all attention to the
representation as a free-standing product of scientific labor, is inadequate.
What is needed is a process approach: Each visual representation should
be linked with its context of production. Moreover, it cannot be under-
stood sensibly outside a particular and dynamic context of use, re-use, and
reception. However, given the great many types of referents, representa-
tional techniques, purposes, and uses, it seems fair to assume that the vast
consequences of this requirement are hardly grasped by the growing num-
ber of people who produce and use visual representations on a daily basis.

Scientists should develop a sensitivity for the wide variety of visual rep-
resentational practices and products and the many ways in which they can
be deployed in scientific discourse. Furthermore, a real set of skills is
needed in order to be able to assess the usability of given representations
based on a thorough knowledge of their generic processes, and to be able
- to produce visual representations with the required representational and
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expressive properties in relation to their purpose(s). Visual representations
invariably have a strong communicative function, certainly with regard to
the originator (e.g., to guide his or her thinking, or to serve as data for fur-
ther analysis), but often also toward a variety of specialized and non-
specialized audiences. Unconsciously applied and/or unmotivated use of
aesthetics and unexplained use of certain conventions are a potential haz-
ard, while well thought out and reflexive use of aesthetics, formal choices,
and well-explicated representational codes and conventions may create
hitherto not fully exploited opportunities to further scientific knowledge
building and communication. Modern technology offers many complex
ways of generating images, but few users have a clear understanding of all
the steps involved. To counter this emerging “black box syndrome,” it is
clear that scientists need to keep track of new media technologies to the
extent that they offer new ways of looking and (not) knowing.

This complex set of requirements involving specific knowledge attitudes
and skills may be understood as a specific kind of visual literacy for scien-
tists. Visual literacy for scientists therefore can be defined as a reflexive atti-
tude (throughout the production process), a specific body of knowledge,
and even a certain level of proficiency or skill in assessing and applying spe-
cific characteristics (strengths and limitations) of a particular medium, and
awareness of cultural practices (codified uses, expectations) and the actual
context of use (including the cultural repertoire of the intended audience).
In other words, a visually literate scholar should be aware of the impact of
the social, cultural, and technological aspects involved in the production
and handling of representations, as well as the different normative systems
that may be at work and how they exert a determining influence on the
eventual appearance and the usefulness of representations.

Visual scientific literacy shouldn’t just imply establishing a clear divi-
sion of labor (every person keeping to his or her trade) and then linking to-
gether those various types of expertise, as in fact they need to be merged
rather than developed and applied according to a separate logic for each
specialized aspect. The different normative systems (e.g., scientific, techni-
cal, creative, cultural) that are employed consciously or unconsciously
need to be combined skillfully with a view to the ultimate purpose of the
representation. While expertise obviously cannot be accumulated end-
lessly in one and the same person, a serious effort should be made at pro-
viding a unifying framework whereby each contributor develops a knowl-
edge about and sensitivity for the bigger whole. What they should not do
is lock themselves up in their own area of expertise, as hardly any choice
that is made along the way is without epistemological consequence. A
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The aspects and issues that have been discussed in this chapter may
serve as a theoretical framework for the thoughtful production of visual
representations in science or they may be used as a tool to assess critically
the appropriateness of different aspects of particular representations. Such
a framework may prove useful in examining the complex interdependen-
cies that exist among the nature of the referent, the social, technological,
and cultural context of production, the choices with respect to medium
and style of representation, and the purposes and uses that need to be
achieved. Figure 5 is an attempt to summarize and in a very limited way
visualize the elements and arguments of this framework as gradually de-
veloped from figures 1 through 4. While these schematic representations
may help to map the complex issue of visualization and visual communi-
cation in science, to some extent they will remain inadequate for visualiz-
ing the complex interrelations among its constituent parts. Nor will they
ever be complete and fully self-explanatory in any of their dimensions.
Interestingly, while these figures may serve to clarify and promote insight,
they inevitably will also obscure and hinder insight to some degree, but
this in itself actually illustrates one of the arguments put forward in this
chapter. Visual representations always will be used to enlighten and
broaden our understanding, while at the same time, they will obscure it. It
is the task of visually literate scholars to make sure that the enlightening
aspects gradually gain the upper hand.
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