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Introduction

Screens fascinate us. | recall an anecdote from some years ago when the
supermarket where | used to do my grocery shopping upgraded its security
system. Up until then they had huge mirrors hanging in the aisles of the shop to
observe if somebody would be stealing something. A prominent mirror sphere
right above the entrance would make you inevitably notice the mirror system
when entering the market.

Once they upgraded to a CCTV video surveillance system, they replaced the
mirror sphere with a large LCD screen, displaying the video signal of a cam-
era filming the entrance of the store. During the next weeks, whenever | was
standing in the queue at the cashier, | noticed little kids standing in front of the
camera, waving and jumping, while looking at their images being displayed in
real-time on the screen. Why did | never see any kids before, jumping in front of
the mirror sphere and looking at their reflections?

Is there a difference between images perceived on a screen and from its
surroundings? What is our relationship to screens, how do we influence them
and how do they influence us? And at a fundamental level: What are screens
and what do they do? And how did they became what they are today? These
questions might sound trivial, but the more | thought about it, the more complex

they became.

We use screens as well for working as for relaxation and leisure time. We
use them to communicate with our friends and families but also to get in con-
tact with people on the other end of the world we’ve never met before. We are
touched and moved by the movies we watch and the games we play on them.
They inform us what is happening around the world, when the bus is coming
and if it will be raining tomorrow. We use them to write texts like this one, but
also love letters or bookkeeping tables. They show us the things we want and
the thing we think we want. They are with us from our most intimate, private
moments to our most open and shared ones: People come together to watch
cultural or sport events on big screens in a huge crowd but they can also con-

sume Virtual Reality Pornography in the private solitude of their homes.

Nowadays screens increasingly structure and determine how we perceive
and interact with our environments. They appear to us in different shapes, sizes,
contexts, applications and circumstances. In most of our everyday encounters
with screens the content is confined to a flat rectangle within the context of
our regular field of vision. The images consist of many individual elements, but
they are so small and indistinguishable that they appear to form a coherent
image. We accept the patterns that are created by the modulation of light on
the surface of a screen as equally valid as the visual impressions we perceive
from the objects surrounding the screen. Today’s screens mediate most of our
interactions with the parallel digital world that is increasingly developing. They

are the meeting point, where these two worlds become mutual understandable.

No matter where you look, you see screens, but you seldom notice them.
This also reflects in media theory and scientific research in general: the screen
is an undertheorized aspect. This might have to do with the fact that screens
seem not very interesting by themselves. They have to be connected to some-
thing else to be able to show anything: “[The screen] is not in and of itself a
medium, format, or platform. Rather, it is often an in-between manifestation of all
the three, one that materializes how we come to see and describe the differences
and connections among television, film, computers, electronic signage, and digi-
tal spaces” (ACLAND 2012: 24). On the other hand, none of these would func-

tion without screens, or at least we wouldn’t be able to see their functionality.

Screens can be seen as the unnoticed common denominator of most modern
media. There are many perspectives and angles from many different disciplines
through which you could think about the screen, but | will mainly focus on the

role of the Screen in relation to Digital Media.

As this is such a complex, multi-layered topic, my approach relies on as-
pects of many more detailed observations that others conducted already. A
great overview of the screen gives “The Screen Media Reader”, edited by Ste-
phen Monteiro. As far as | know, it is the first collection of texts dedicated to the
screen in its material manifestation, crossing the borders of many disciplines.

The earliest conceptual predecessors of screens are described in great de-

tail in Lucia Sehnbruchs dissertation “EINE MEDIENGESCHICHTE DES BiLDSCHIRMS” from



which | adopted the conceptualizing of the screen complex as a Dispositiv.'
Sigfried Zielinksi's approach of Mebia ArcHeoLogy and especially Erkki Huhtamos
call for a new field of research called ScreenoLoay structured my interest to look
into previous manifestations of screenic characteristics to learn more about re-
cent and potential future developments. Lev Manovich’s categorizations into
three different stages of screenic development, and especially his thoughts
on the real-time screen greatly influenced my view on electronic screens, and
their separation from digital screens. The recent history of experimental screens
such as Mixed Reality or Projection Mapping technologies is mostly based on
a previous paper and interviews on the role of these technologies to shape our

perception | conducted in 2016 for my studies.

In the beginning | will refrain from using the term screen in a strictly defined
way and instead refer to something like a “common-sense” screen, something
that seems obvious as a screen to most people. Throughout the text we will
collect properties of screenic behaviors in its different stages of development,
but not try to find an absolute definition.

After a short disambiguation of the term Screen, the first chapter aims to
look at the current status of screens, to make an inventory of the global distribu-
tion of screens and the time and activities we engage with them. Later we will
have a look into the material function and composition of modern screens, as
well as some first thoughts about their more abstract characteristics.

The major part tries to understand how screens became what they are
now by tracing their lineage of development. A wide range of concepts, ideas
and technologies is covered in a more or less chronological order, interrupted
by selective closer looks. This general history is extended by a specific part
about digital screens, their contemporary transformations and experimental ap-
proaches. This part is concluded a description of screenic properties and an
attempt for a definition of what constitutes a screen for the further usage.

The last part tries to describe the formation of these screenic properties and
potential future developments as screenization and show its inherent interlink-
ing with the general trend of digitalization.

1 Sehnbruch describes a Dispositiv after Foucault as “a kind of heterogeneous ensemble that consti-
tutes the structural components of a discursive field” (SEHNBRUCH 2018: 6)

Etymology

A good starting point to think about the screen is to look at the etymology
and meaning of the word itself. In most European languages you find simi-
lar terms, with a likewise meaning that describe a separating, yet connecting
quality. The Proto-Indo-European *(s)ker- (“to cut, divide”) is believed to have
influenced many languages like the German ScHranke (“barrier, gate”) or the
Old Dutch *skrank (“barrier”) and also the French word £cran (from Old French
ESCREN).

In the fourteenth and fifteenth century, the English word Screen came to use
as a noun and a verb, describing “any thing that affords shelter or concealment”
and “to sift, to riddle” JOHNSON 1775, CITED IN HUHTAMO 2017: 82). The

first time commonly usage of the word screen, came in the form of fire screens?.

They protected the area around a fire from flying sparks and too much heat but
sometimes also had some holes or were partly transparent to let the light pass
through to enlighten the room?. Still nowadays the word screen is used outside
the media domain for physical dividers of different sorts and for the process of
checking or filtering.

Let us also have a brief look at some of the neighboring terms. The some-
times almost parallel used word pispLAy, derives from a meaning to “unfold” and
is nowadays mostly used for the act of presenting something. A more withdrawn
character is implied in the term MoniTor and its usage to observe or supervise.
The word proJECTION again stems from a Latin origin that means “to throw forth”
and is used in that sense in many cases, as in the emitting of light in the pro-
jector or the transformation from one system into another one in mathematics

or psychology.

N

Erkki Huhtamo describes the early uses of fire screens as domestic furniture in great detail, but at
some point concludes, that the variety of developments, “[makes] it impossible to cover the topic in
detail” (HUHTAMO 2017: 82)

3 This usage bears some interesting notions towards the screens ability to modulate light, to which
we will come back later in this text.
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An overview of
everyday screens

It is complicated to find research, articles or statistics about such a relevant,
but also fast-changing topic as our relation to screens. Public discussions about
the topic are often very emotional, which complicates it to distinguish between
facts and assumptions. Aimost all information you can find about the time peo-
ple spend interacting with screens are related to the “screen-time” of teenagers
or kids. Also the almost exclusive focus on Western countries make a global

overview or even comparison a complicated undertaking.
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Fig. 1 Daily Distribution of Screen Minutes across different countries.

Nevertheless the collected information and different statistics, show a glob-
al average of 6-8 hours that people spend in front of a screen daily. In the
changes of screen usage over the years we can see a correlation to the general
ratio of existing screens. TVs were the primary interaction point with screens,
until only recently, when the usage of computer screens and mobile screenic

devices caught up.
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Fig.2  Daily TV and Internet consumption worldwide (in minutes)

What might seem surprising is that screen time seems to be more or less
similar distributed all over the world, but you can see from the statistics, that
“more developed” countries engage with screens more through older technolo-
gies such as TVs and PCs, whereas “developing” countries engage with screens
much more through mobile screenic devices. This goes hand in hand with some
previous research for a University course about the role of digital technologies
in South Africa. In 2014 there were around 150 mobile phones per 100 people
in South Africa, compared to 80-90 in most European countries. In the text |
argue that South Africa, as many countries of the Global South leapfrogged a
certain stage of development in digital technology, namely the phase of station-
ary PCs and fixed land line Internet access (POTTHAST 2015: 10).

For the seemingly simple question “How many screens are existing in the
world?” is quite complicated to find satisfying answer. One problem is obvi-
ously the definition of a screen, the other one again the rapid changes and in
this case specially the lifespan of the devices. After the comparison of multiple
sources | assume there are around 9,5 billion common-sense screens that are
currently in use worldwide. The number of screens that are not used anymore

but have not been scrapped | estimate to be another half of that number.
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9.350.166.667 Total

2.400.000.000 = PC Displays
2.266.666.667  m Smartphones
2.127.500.000 mTVs
1.355.000.000 = Tablets
640.000.000 m Laptops
180.000.000 m Navigation screens

171.000.000 ®HMDs

100.000.000 M Projectors
90.000.000 m E-Book Reader

20.000.000 m Public Screens

Fig.3  Estimation by the author of the number of screens worldwide in 2018

Depending on the sources, until recently the most common screen was the
TV set with around 2,1 billion devices, but in recent years the mobile screens
such as smartphones or tablets overtook the TV and it is assumed there are
now around 3,8 billion mobile screenic devices. PCs with external screens and
laptops follow next with ca. 3 billion devices. After a huge gap follow navigation
screens e.g. in cars, cinema, home and office projectors, Mixed Reality devices
such as head mounted displays and screens in public space. A rough, curious
calculation reveals that if all the screens where spread out next to each other,
they would fill an area of 1.828 square kilometers. This might not sound too
much, but at still it would be able to cover 2,5 million soccer fields or ca 3/4 of

the country of Luxembourg with screens.

No matter how complicated it is to count the number of screens worldwide
or to measure the time spent interacting with them, one thing is for sure: There
is an immense number of screens worldwide that keeps on growing and they

are used more and more.
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What screens
are made from

At this point it is worth looking into an aspect, that is often neglected out-
side of engineering circles: The actual physical composition and functionality of
current screen technologies. This helps to problematize not only the normative
qualities of the established grid-based screen, but also shows its very fragility
and critical composition regarding sustainability.

Sean Cubitt lays out this aspect in his text “CurrenT Screens” in great preci-
sion and | will mostly follow his argumentation. As mentioned earlier, the pre-
dominant technology for both television and computer screens were cathode
ray tubes (CRTs) up until the 2000s. An electron beam is focused onto a layer
of phosphor that keeps glowing for a short period. Through rapid line-by-line
scanning of the screen the illusion of a consistent image appears for the human
eye. One huge innovation that separated CRTs that were used for TVs or PCs
from previous technologies used in oscilloscope and radar screens was the in-
troduction of a raster, a Cartesian grid that separated the viewing area in small
portions and allowed for brightness gradients and finally the representation of
different colors.

The phosphors that are used to generate the different colors in a CRT screen
and also the frequent use of barium in the electron gun are often toxic and
almost impossible to extract. To withstand the extreme pressure of the tube,
the glass in front of the screen has to be very thick and is often reinforced with
additional metal. To decrease the risk of radiation of X-rays and ions generated
by the electron beam also the glass is normally leaded. In addition, the pow-
er usage of CRTs is extremely high, as up to 32.000 volts are required in the
screen anode (See CUBITT 2011: 39F)

In 2004 CRT sales were overtaken by liquid crystal display (LCDs) for the
first time, which follow a very different approach of image generation than CRTs.
Instead of a very fast moving light beam, the light-modulating properties of spe-
cific liquid crystals are utilized to create a homogeneous image. The liquid crys-

tals do not emit light themselves, but they can be used to control the brightness
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of a back light or a reflector. Broadly simplified, the amount of current applied
to a liquid crystal determines how much light it lets through or reflects. LCD
screens depend on a grid structure, in which each pixel consists of three liquid
crystals with different color filters. Similar technologies are nowadays also used
in many projectors and e-book readers.

LCD screens have a much lower power consumption than CRTs, but never-
theless some of their components are similarly dangerous to the environment.
The back lights contain significant quantities of mercury and the per-fluorinat-
ed compounds used in the crystals are contributing to the greenhouse effect.
In addition LCD screens require a range of scarce natural resources like rare
earth minerals and metals. To produce the color red for example the element
Europium is required, “which is considered one of the scarcest elements in the

universe” (MONTEIRO 2017: 9). Even if these components can be extracted

and recycled in theory, in practice they are often incinerated

A relatively new development are LCD screens back lit with light-emitting
diodes (LEDs) or even fully consisting of individual LEDs. So far these are most-
ly utilized for large scale, low resolution displays, but in both applications they
promise to be much more energy efficient than previous display technologies.
Also many experimental screens rely on different technological approaches
than the majority of contemporary screens

One main problems with all digital screens remains, that they are almost im-
possible to repair. The underlying grid structure is of such a delicate complexity,
that it is mostly not possible to replace parts or repair individual pixels. Also
quite often, even if only one pixel fails it affects the whole row or column sur-
rounding it. Other problems can occur in the power supply, the back light or the
video buffer. All the components are produced and assembled on such com-

pressed space, that the only solution is normally to replace the whole screen.
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Structure

This current grid-based structure of digital screens is incredibly powerful
and it is a truly technical and conceptual masterpiece of engineering. They carry
out an incomprehensible amount of microscopic electronic manipulations mul-
tiple times per second.

| conducted a small calculation about the number of possibilities of differ-
ent images that can be displayed on a digital screen. Even with specialized
Online large-number calculators | could only compute the number for a screen
of 320 by 240 pixels, the other numbers were simply to big. If we assume that
each pixel can display a standard color depth of 256 states for each of the
Red, Green and Blue (RGB) colors, we already have 16,777,216 different color
states that can be displayed with one pixel. Combined with the 76,800 pixels
(of a 320%X240 pixel screen) the number of possible constellations has more
than 500,000 digits or fill over 200 Din A4 pages. And that all can change

multiple times per second.

The grid of the screen works in many ways as a intermediary between the
physical world and abstract systems or concepts. Light modulation becomes
calculable, colors and shape can be described in a discrete form. The screen
manifests the transitional layer between the world as we can perceive it sen-
sually, and the mathematical descriptions that are understandable for the com-
puter.

In the following chapters we will see, how the idea of separating given
things into even smaller portions is inherent to the history of natural science
and especially image producing technologies. Hannah Higgins even describes
the grid as “the most prominent visual structure in Western culture” (HIGGINS
2009). From Diirer’s drawing grid, to Babbage’s usage of punched cards, to the
partition of individual lines in CRT monitors the pixel emerges as the ultimate

concept of the “picture element™.

4 This is also visible in the word pixel as a portmanteau of pix (from “pictures”, shortened to “pics”)
and el (for “element”).
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Materiality

After looking into the technical functionality, material composition and grid
structure of nowadays screens, let us think about more general tendencies, that
associate all of appearances of screens: Their ambiguity and their self-efface-
ment®.

As demonstrated in our previous calculations, the pixels of a present day’s
screen can display an almost infinite combination of images. Therefore they can
show nearly all pictures that can be imagined®. Independent of their meaning,
a screen can show images, texts, movies, websites, a random noise or a com-
bination of all of them. As long as the content is available in a digital form, it
can be displayed on a digital screen. Coupled with the general trend for Dig-
italization” the screen becomes a flexible vessel for all sorts of digital visual
media. “[...] The computer screen has led the way in modeling itself as a contain-
er for anything (just as the computer models itself as a ‘machine for anything’).
(WHITELAW 2011: 288)

The second tendency is to be found in this strong symbiosis of the screen

with its content. It relies on an additional device to provide the images to be
shown. “The screen operates as a mediating substrate for its content — the
screen itself recedes in favor of its hosted images” (WHITELAW 2011: 287).This

tendency can also be found in what seem to be desirable features of screens

and how they are advertised today: They are supposed to be as slim as possi-
ble, ideally with no visible frame and of such high resolution that you cannot
distinguish the individual pixels. The supporting framework and the structural
elements of the apparatus should be invisible. And when the screen does show
some content, the materiality of its surface steps in the background even more.

So in conclusion, the screens we surround ourselves with, are an ambiguous
substrate for digital computing. They have the potential to make almost every-

thing seen, while themselves staying unseen.

5  These observations are very precisely formulated in the beginning of Mitchel Whitelaw’s text “After
the Screen: Array Aesthetics and Transmateriality”

6 A great inspiration to think about the number of existing combinations of pixels was Jorge Borges
short story “The Library of Babel” (1941)

7  Also used as Digitization: In the original meaning the word simply means the process of converting
information in a digital format, that is computer-readable. By now it is often used as a synonym for
the Digital Revolution. In the rest of the text | will use it in its duality for both meanings.
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In 1957 the French philosopher, linguist and semiotic Roland Barthes wrote
a series of observations in the form of little essays for his book “Mythologies”.
One of them is about the role of plastic as ubiquitous material in the 20th cen-
tury. In 2012 the Canadian communication researcher Charles R. Acland drew
an intriguing analogy to the role of the ambiguity of the screen as surface in the
beginning of the 21st century.

From his perspective in the 1950s, Barthes’ describes the characteristics
of the fairly new material of plastic as a truly artificial one. It has no “natural
appearance”and comes as a granulate, that can be shaped into any given form:
“It can become buckets as well as jewels.” (BARTHES 1957: 110). Looking at

the ambiguity of screens which can show (almost) everything, but are noth-

ing without their content, their dependent, artificial quality becomes evident as
well. In the constitution of individual picture elements (pixels) as the substrate
of screens, the granular, raw material of plastic is reflected that waits to be
shaped. Barthes sentence “[...] more than a substance, [it] is the very idea of its
infinite transformation... [It] is ubiquity made visible” (IBID: 110) could easily be
applied to both, plastic and screens. In Barthes times, the ecological impact
of plastic was not as obvious as today and maybe outshone by the potential
new applications. Looking at the descriptions about the biological footprint of
screens from above, we are in a similar situation today. Screens are as surfaces
to the 21st century what plastic was as a material to the 20th century.

Finally, Barthes also describes how plastic is able to imitate a wide range
of natural materials and how it substitutes their role bit by bit. “The hierarchy of
substances is abolished: a single one replaces them all: the whole world can be
plasticized.” (IBID: 111). Here lies the equivalent to one of my main objectives
of this text and the impulse for the following chapter: To look at the historic
development of screens, the increasing diffusion of screenic properties and the
substitution of other media as the process of screenization as diffusion. Also,
let us keep the analogy to plastic in the back of our head, as a illustration of the

screen’s two tendencies for ambiguity and self-effacement.
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History of the screen

Perhaps it would be possible to revisit the whole history of humanity along
humans’ relationship to light® and many of our modern behaviors through our
interactions with screens. We won’t be able to cover all these developments in
great depth, but rather focus on those connected to the history and narrative
of screens.

This history is not only a pure sequence of technical developments, but rath-
er implies a whole history of cultural changes and epistemological paradigm
shifts. The history of screens is found in a diffuse interplay of science and illu-
sion and in constant exchange of visual perception, natural science, performa-
tive practices, media archeology, computer history and the duality of abstract
concepts and concrete manifestations. Thereby we aim to trace the establish-
ment of the cultural practices, that enable us to accept the light changes on

a surface, mediated through a technical device, as part of our physical reality.

As everything else would go beyond the scope of this text, | also decided
to focus mostly on the sequential history established in the Western discourse,
even if many individual ideas or concepts were developed earlier or under dif-
ferent circumstances in different cultures. Also, for the first part of the text, | will
focus on functional developments and usages of screens, rather than artistic
ones. | will have to neglect the inherent forms of artistic expression, that take
place within the individual screens (photography, video art, computer art, etc)
and their experiments to explore the limits of the medium, as each of them in-

cludes a whole field of study for themselves.

Early times
Most texts dealing with the history of the screen begin around the 18th
century. If we remember the etymology of the term screen, this is also the time,
when things that resemble what we understand today as screens, were started
to be called screens. | instead agree with Lucia Sehnbruchs approach, that one
has to go back in time even further, to bring this line of linguistic developments

8  This ideas first came up in an discussion with Light Art curator Bettina Pelz, and is apparently also
the basic concept of Sean Cubitt’s book “The Practice of Light”.
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together with the conceptual precursors of what we understand as screen to-
day.

One could argue, that the basic concept of screens goes back as far as the
concept of perception and depiction in general. Even if we cannot verify how
people were first inspired to start drawing, the earliest known form of drawings
can be found in the form of cave paintings and date back around 40.000 years
BC?®. In different locations in Europe charcoal drawings of animals, humans and
abstract shapes can be found. One theory about the origin of these first depic-
tions of the environment suggests that the prehistoric artists where inspired by
the flickering shadows of fires (see HERZOG 2010) or traced the shadows of
small figurines onto the walls (see DAVID & LEFRERE 2014). Some even claim
that small cracks in the caves or holes in tents acted as a kind of “accidental”
Camera Obscura, that inspired early natural depictions (GATTON 2009).

If we think about the origin of drawings on a more abstract level, the con-

cept to change the appearance of a surface as an act of communication can be
seen as a very important phase in the development of mankind as a “symbolic
construction to make the invisible visible and to see the connections behind the
obvious things” (SEHNBRUCH 2018: 8). Also it marks the beginning of man-

kind’s ability to externalize communication and pass on knowledge without di-

rect interaction’®,

Now we will skip a long period of mankind'’s further developments, in which
paintings, drawings and even writings have been cultivated in numerous cul-
tures all over the world, and will come to the first recorded thoughts and theo-
ries about the concept of perception.

Shadow plays have been known in Central Asia, China and India for almost
three thousand years. In the European culture we can find one of the earliest
descriptions of a shadow play in Plato’s allegory of the Cave around 400 BC.

In ancient Greece existed two competing ideas about visual perception: The

9  These are at least the oldest still preserved drawings. There might have been early drawings on less
stable materials like leaves or even much more transitory procedures like scratches in the ground
or sand.

10 | investigated this quality of the origin of depiction as “Communication with the Future” in greater
detail in my Bachelor Thesis.
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“emission theory” and the “intro-mission” theory. The first one was represented
by scholars like Plato, Euclid and Ptolemy and followed the idea that perception
works through some kind of beams, that are emitted from the eye and would be
intercepted by the objects surrounding it.

Around the same time Aristoteles expressed the idea, that “what we can
perceive is potentially such as the object of sense is actually” (IBID 350) and
introduced the idea that something travels from the object to the eye. This con-
cept was refined by Lucretius, who claimed in his groundbreaking book “De

rerum natura”'' that “objects continuously emit forms that are like * membranae

vel cortex’ ['skins or bark)” (AKBARI 2004: 17) and also expressed precursors of
the idea that light is emanated as particles from external light sources. Around
1,000 AC the Arabic scholar Ibn al-Haytham'? was the first one to describe how

vision occurs when light is reflected from objects and then enters the eye.

Middle Ages

Influenced by theories from ancient Greece, the Arabic world and the school
of Chartres, Robert Grosseteste defined the light as the source of insight, both
spiritually and scientifically. In Grosseteste’s key work for the Natural Science
DE LUCE SEU DE INCHOATIONE FORMARUM'® he investigated the phenomena of optics
and set the light and the vision in a cause-effect relationship. If you can see
through light, you also should be able to measure through light. By assuming
that seeing occurs through light and concluding that the human eye can be in-
terpreted as an optical apparatus, a new dimension of symbolic and mechanical
influences entered the traditional Christian relation between viewer and world.
(See SEHNBRUCH 2018: 38FF)

Roger Bacon continued this research and emphasized the technical, exper-

imental and mechanical aspects of natural sciences. In his main work “Opus
Maius” he focused on the discipline of Optics (Perspectiva) and identified it as
a key to knowledge of nature (See_ IBID: 59F). He conducted a series of exper-
iments with lenses in the field of military applications, as reading helps and

even for scientific experiments. Up until now they were — similarly to mirrors —

11 The original Latin title is usually translated to English as “On the Nature of Things”
12 Also sometimes referred to in the latinized form of Alhazen
13 The original Latin title is usually translated to English as. “ON THE LIGHT; OR THE BEGINNINGS OF THE FORMS”
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”

disqualified from the common discourse as not being “things of gods creation”

due to their deceptive characteristics.

Renaissance

With the Renaissance, the Christian literal discourse transformed towards a
more technical and naturalistic view of the world. In the course of these events,
also an extension from the seeing-theory towards an image-theory was active-
ly pursued by artist-scientists such as Fillippo Brunelleschi and Leon Battista
Alberti (See SEHNBRUCH 2018: 81F). Sehnbruch describes the two as univer-

sal scholars that combine expertise in the fields of mathematics, architecture,

crafts, painting and theory that established a new field of experimental culture
in the visual art and science.

Arguably in 1425 Brunelleschi conducted two panel paintings and an ex-
perimental setup, that is considered as the first demonstration of the mathe-
matically constructible perspective in Western cultural history. There have been
perspectively correct paintings before', but Brunelleschi’s experiment is im-
portant in so far, as it can be seen as the beginning of the experimentalization
and thereby machinization of human perception (See IBID: 82).

=3 25

Fig.4  Leon Battista Albertis drawing of perspective construction, around 1435

14 For example Ambrogio Lorenzetti’s PReseNTATION AT THE TEMPLE in 1342
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Leon Battista Alberti was the one, that turned Brunelleschi’'s experiments and
thoughts into a perspective drawing matrix, that can be applied practically. In-
troducing the concept of planes intersecting the viewing pyramid and its projec-
tions, he described a method for perspective construction that became known
as the AigerTiINAN WinDow. One of the revolutionary aspects of this concept was
the transfer of the three-dimensionality of the world into the two-dimensionality
of the picture surface.

In opposition to Vilém Flusser, who sees the birth of “technical images” not
before the upcoming of the photo camera (See FLUSSER 1990), Sehnbruch

argues that the history of technical images already started with the mathemat-

ical description of perspective.The visual turn of the Renaissance was also a
technical turn and an important step for the development of the screen.
Alberti’s devices were soon followed by more advanced technologies that
extended the construction of perspective towards an almost machinic produc-
tion of images. The visual artists of the time created their paintings with great
accuracy following detailed instructions and using specific tools for measure-
ment and depiction, and insofar resembled our understanding of a machine.
As long as the rules of Perspective, Algebra, Geometry, Astronomy, and ba-
sically all natural sciences are followed, artist-inventors like Leonardo da Vinci
and Albrecht Diirer saw the act of drawing as “Divine Science” that was able to
create “truly genuine depictions”® (GIESECKE 2002, CITED IN SEHNBRUCH
2018: 120). Albrecht Diirer’s textbook UNDERWEYSUNG DER MESSUNG MIT DEM ZIRCKEL

UND RicHTscHEYT'® from 1525 contains two drawings with huge importance for

the development of the screen in general and the digital screen more specifi-
cally. The first drawing “Der ZeicHNER DER LAUTE” shows a quite complicated pro-
cedure to create a perspectively correct two-dimensional image of a three-di-
mensional scene'” that can be seen as a direct predecessor of the Ray-tracing

procedure, used for 3D rendering today.

15 [Translated by Author]: “Wahre Abbildungen”

16 In English: “Instruction of the measurement with the compass and straightedge”

17 A cord is pinned to a point in space which signifies the origin of perception (or the observers eye).
From here the cord is moved to different points on the object, it’s location within a frame is marked
and than transfered to the foldable screen. This process is repeated with several important points
on the object, which can than be used to interpolate the connecting lines. For a more detailed
explanation see: https://www.martin-missfeldt.de/perspektive-zeichnen-tutorial/perspektive-al-
brecht-duerer.php
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Fig.5 “Der Zeichner des liegenden Weibes” Albrecht Direr: 1512-1525

The second image “DER ZEICHNER DES LIEGENDEN WEIBES'®” shows the painter
using a grid structure through which he is looking at the scene, and a corre-
sponding grid overlaying his canvas'®. This can be seen as an early example to
subdivide a given image into a Cartesian coordinate grid, and thereby make it

mathematically describable and reproducible.

Modern Era

Already in the 4th century BC the functionality of the Camera Obscura was
described by Chinese writings and questions about its principle were asked in
one of Aristoteles books. Also Da Vinci examined the light path of the Camera
Obscura, realized that the same principle is to be found in the vision of the
human eye and introduced the idea of using lenses. Based on this?° and many
more previous thoughts, Giovani Baptista della Porta popularized the function-
ality of the Camera Obscura for scientific research but was also the first one to
use it for entertainment purposes (see BRAUCHITSCH 2002: 19FF). Apparently

no specific screen was used, just any given surface was utilized to cast the light

onto. In opposition to the “conceptual” screens — e.g. the projection plane in the
mathematical construction of perspective — a concrete manifestation enters on
which images can be perceived directly.

Through his interest in Anatomy and Astronomy Johannes Kepler was able

18 In English: “The Draftsman of the lying woman”

19 The image has been used by Postmodern criticism to illustrate the patriarchal gender roles in early
modern culture, which is also evident in the previously mentioned established Western discourse.
(See FARBER)

20 Da Vinci wrote his findings in a kind of mirror writing, so that is was only deciphered and published
in 1797 by Giovanni Battista Ventur
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to directly prove the optical function of the lens in image acquisition, equally on
the retina and the projection surface of the Camera Obscura and “as first one
[explained] the human vision as a physical process.”’ (WOLLGAST/MARX 1977:
44, CITED IN SEHNBRUCH 2018: 178). Directly following Kepler’s findings

René Descartes continued the experimentation of perception and was the first

one to develop a purely mechanical theory of light, that is commonly seen as the
birth of modern physical optics. Thereby, the two laid the conceptual foundation

for the acceptance of surfaces, whose appearance is artificially modified?? as

equally valid by the human eye as everything else it perceives.

gL

Fig.6  Johann Zahn’s “Artificial Eye” in a drawing from 1685

Only shortly afterwards, Johann Zahn turned Descartes’ research in a mech-
anized replica of the human eye, his “Artificial Eye” (Oculus artificialis teledi-
optricus) in 1685. Looking at the drawing of this machines, one can find an
astonishing resemblance to what we would today describe as an archetype of

a screen: an apparatus that creates images on a surface.

21 [Translated by Author]: “[...] erklart als erster das menschliche Sehen als einen physikalischen Vor-
gang*
22 Or even more accurate: whose physical interplay with light is purposefully manipulated
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Photography

Even if the Camera Obscura became widely used in the following decades,
the image stayed ephemeral. It was used as a support for painters, but the pro-
cess of capturing it into a more stable form stayed an manual one.

In chemical experiments in 1674 the alchemist Christoph Adolph Balduin
stumbled upon the light capturing properties of a mixture of chalk and nitric acid
and called them ProspHorus (“= light carrier”). In the 1820s Joseph Nicéphore
Niecpe began si