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Abstract 

This exegesis outlines the procedures, processes and methodologies used in 

developing a body of studio work that investigates the artistic potential of 

scientific photomicrography made by the Scanning Electron Microscope (SEM) 

with a view to its possible social and cultural impact of this practice. The outcomes 

of this research are of two kinds: theoretical findings and the work developed and 

exhibited during the candidature and at the final exhibition, H2O+. 

Reflecting the chemical composition of water and interpreting photomicrographic 

images of it, my practice seeks to provide insights and awareness about water 

quality, that might be later used to encourage behavioural change to water 

management, and demonstrate productive transdisciplinary relationships and 

innovation between the arts and sciences. Artistic manipulation of a scientific 

process through experimenting with the SEM fuses science and technology with art 

and proposes a new meaning for what such images can say about water to a 

viewer. Transforming the microworld to a macro level causes a dilemma for 

viewers, mainly because enlarged photomicrographs placed in the gallery space 

are seen differently from those viewed for their scientific information within the 

laboratory. 

An aesthetic engagement with photomicrography gives viewers the possibility to 

see in the particular configurations of inherent features of water opening a horizon 

of meaning that was previously unseen as well as referring to the creative ability to 

observe natural phenomena over and beyond the directly visible. Building on the 

fact that scientific tools have brought new ways of seeing the world, the primary 

purpose of this research is to show that the artistic use of SEM-made 

photomicrography can shift the visual outcomes of scientific photomicrography to 

function within the context of art. 
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Chapter 1: Introduction 

1.1 Artist Statement 

My art practice involves an interplay between photography and scientific imaging, 

photomicrography in particular.  Originally being a technical discovery, 

photography has been widely used in almost all fields of human activity, acting as a 

research tool and as an independent artistic direction. Modern times offer 

"modern" interpretations of scientific photographs and attitudes toward them. 

Scientific photomicrography is a powerful tool for receiving and storing 

information and for providing solutions to a variety of tasks in many areas of 

science and technology. At the same time, the artistic application of 

photomicrography is capable of revealing a set of complex and interrelated 

principles that underlay the materiality of the human environment.  

Photomicrographs also expand human visual vocabulary, revealing principles of 

beauty which are difficult to access with the naked eye.  

I believe an interdisciplinary approach is the most appropriate one for deepening 

knowledge about unique properties of water and building a sustainable practice of 

water management through enhanced visualisation of water contamination. My 

focus is on interconnected artistic thinking and by developing alternate forms of 

visualisation, I aim to transcend disciplines and contribute to the new ways of 

seeing water. 

1.2 Background to the Research 

This research involves aesthetic approaches to scientific photomicrography. 

Scientific photography is commonly perceived as a way of recording scientific data 

through techniques such as photomicrography, high-speed photography, time-

lapse photography, X-ray photography, and aerial photography, among others. 

Throughout my academic and artistic career, I have been interested in obtaining 

new knowledge of the relationship between science and art. Therefore, I use 

scientific machines, particularly microscopes, in a variety of art projects. This 

doctoral project is concentrated in the particular area of scientific 
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photomicrography produced by the Scanning Electron Microscope (SEM), a tool 

that has expanded the boundaries of observation and representation of the 

microworld since it was introduced to scientific research in the mid-1960s. 

While the research presented here is studio- and laboratory-based, it contains 

important theoretical findings. I have successfully presented them as papers at two 

national and two international conferences (all papers were peer-reviewed and 

accepted for publication; Tyurina 2016a, 2016b, 2016c, 2016d, forthcoming) as 

well as in an article that has been accepted for publication in the peer-reviewed 

journal Leonardo (2017). During my doctoral candidature, I have held two solo and 

four group exhibitions and received various awards in art and science contests, 

including a mention of distinction at the 2016 Nikon Small World 

Photomicrography Competition. This experience and feedback helped me to 

significantly improve the production of my work and informed some critical 

criteria for my practice. 

By exploring the interplay between the indexical and iconic modalities in scientific 

photomicrographs, I try to imbue them with new meanings. By enhancing their 

aesthetic presentation, I use scientific photography as a creative process of science 

communication aimed at the general public. This project explores images produced 

by micro-scale drops of water from different aquatic systems after evaporation. 

This is done in an attempt to discover morphological features of the visual patterns 

related to water contamination. My artistic intervention into a scientific process 

through experimenting with the SEM is a way to find what potentially different 

things my images can reveal about water to a viewer. 

Both art and science are experimental in nature. There are different ways of 

artistically representing and perceiving an object, some of which may be valuable 

for science. This project investigates how to reinterpret photomicrographic images 

made by the SEM of micro-scale drops of water after evaporation and thus turns 

scientific photography into an art form. My practice aims to draw attention to the 

qualities of water through enhanced visual details that aid in the interpretation of 

and differentiation between water samples.  
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Modern science requires interdisciplinary approaches and communication. But 

collaboration between scientist and artist is somewhat like crossing the boundary 

between the subjective and objective and thus seems a challenging idea (Dalgarno 

2017). Dalgarno, Assistant Professor in Physics, Heriot-Watt University, states:  

“Whereas scientists may document their results and meticulously record and 

detail the analysis and discussions, they rarely do the same for setting out their 

ideas…. The so-called artistic process, seemingly uncoordinated and 

disorganised, mirrors the scientific process, only in this case it was more 

elegantly drawn and documented. It became clear that science and art can be the 

same – and that ultimately they are based on thoughts, ideas and passion. It’s 

only how we end up formulating those ideas and presenting our conclusions that 

actually differs” (Dalgarno, 2017). 

Specifically for this research ‘science’ can be described as a process through which 

new knowledge about the world is built. The scientific process relies on the testing 

of ideas through experimentation. Scientific photography, as a tool, aims to support 

the scientific process by capturing data about the world for examination. 

The main difference between ‘Artistic’ and ‘Scientific’ use of the SEM in this project 

is that the artistic approach has a focus on making aesthetic images. Within this is 

the substance of the scientific idea about showing water state and how it is 

changing. In my work the results of imagery processes become art pieces with both 

artistic and scientific applications. 

In last decades, there have been increasing concerns over the ecological 

management of water. Waterway pollution is recognised as placing urban 

ecosystems around the world at risk. Rainfall that washes oils, metals, and 

nutrients directly from streets into rivers and seas is hard to treat (De Haan et al. 

2015). This is a challenging problem for science and technology. The health and 

well-being of present and future generations are dependent on how quickly and 

well it is managed. There is also an opportunity to explore some concerns related 

to the environmental impact of water pollution in an artistic context. 

Photomicrography has a particular potential to respond to this issue from both a 

scientific and a cultural perspective. SEM-made photographs are capable of 
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visually representing features related to water composition and, in some cases, the 

contamination of water. At the same time, they can transmigrate from science into 

the domain of art and draw attention to water issues as well as to communicate the 

significance of water. 

 

My studio work is based on three different studies of water I completed during my 

candidature. I investigated collected samples from various water resources on 

North Stradbroke Island, including Brown Lake and the Key Holes7; from Brisbane 

waterways, including the Brisbane River and city ponds and creeks; and from the 

important water resource for the Sunshine Coast, the Mooloolah River. The study 

of water from the Mooloolah River framed the main artwork series and the final 

exhibition. This project was undertaken in collaboration with Mooloolah 

Waterwatch and Landcare Inc. (MRWL), an active community group dedicated to 

the health, protection and enhancement of the rivers and natural ecosystems of the 

Sunshine Coast (“About Us” 2017). This organisation provided me with an 

opportunity to explore the river water condition using professional water-quality 

monitoring equipment.  

 

1.3 The Research Question 

 

The primary purpose of my doctoral visual art project is to depict the inherent 

features of water that are invisible to the eye through using the SEM. To do so, I 

have used the process of evaporation as an alternative and unusual artistic method 

of visually presenting the composition of water. My approach is unique in the 

specific way in which I use water to create images using the SEM. During 

experiments for my project, it became evident that the structure of water 

impurities is visually transformed after evaporation and reveals a unique 

connection between evaporation and solidification. This process of revealing the 

nature of water (water chemistry) allowed me to play with the process like an 

artist. I was not aiming to produce scientific records through my use of the SEM; 

instead, like several artists before me (among them Claudia Fährenkemper, Martin 

Oeggerli, and Susumu Nishinaga), I have used scientific photography methods to 

create aesthetic images.  
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By exploring the integration of art and science in this way, my project focuses on 

the use of scientific tools to create science-based art. However, it must be 

recognised that my approach was primarily one of artistic research and 

experimentation: a search for new aesthetics, exploring spatial and temporal 

dimensions, engaging with materiality, and involvement of modern technologies in 

the formation of aesthetic experiences for the viewer. In my project, images are 

highly variable in what they show and how they show it because of changes in 

water content. My objective is to create ‘expressive portraits’ of water drops. 

Scientific photography aims to record and illustrate data and experiments that 

differ according to specific disciplines. Although the main purpose of scientific 

photography is to convey accurate information rather than beauty, its ability to 

record material in addition to that which is merely informative allows it also to 

serve expressive, subjective, and aesthetic purposes.  

Scientific tools have brought new ways of seeing the world. Although usually 

reserved for scientific use, such technology is now being used in the creation of art. 

In my case, this raises the following research question: how can artistic thinking 

and procedures shift the visual outcomes of scientific photomicrography to 

function with affect within the context of art? 

1.4 Discussion of Key Issues 

Microscopes and telescopes use similar scientific concepts and function similarly 

by letting us view objects not visible to the naked eye utilising lens to magnify the 

object. The main difference is that telescope’s lens produce an image smaller than 

the actual image, whereas, a microscope’s lens produces a larger version of the 

actual image (Johnson 2017). 

The process of the transformation of an original specimen to a magnified image, as 

well as its interpretation, has been widely discussed in the technical literature on 

microscopy (Rapport 2005). The object of the microscopic investigation is invisible 

to the naked eye; there is no way to see it without the help of the microscope, 

sample preparation methods, modern technologies, and the work of professional 
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microscopists. The exploration and analysis of a microscopic object can be divided 

into two parts: the observation and the interpretation of what is seen through the 

microscope. These two processes are both largely dependent on the technical 

issues associated with them.

1.4.1 Observation in Microscopy 

What does it mean to be seen and observed through the microscope? This question 

is interesting for both philosophers and practical microscopists. Gustav Bergman 

suggests that 

…microscopic objects are not physical things in a literal sense, but merely by 
courtesy of language and pictorial imagination… When I look through the 
microscope, all I see is a patch of color which creeps through the field like a shadow 
over a wall. (Bergman 1943, 342) 

In the textbook Optical Methods in Biology (1976), Elizabeth M. Slayter states that 

in optical microscopy, the process of seeing/observing through the microscope is 

quite similar to seeing through the eye; therefore, the object seen in the 

microscope and image of it can look “the same as the object” (262). She explains:  

Except for minor differences between the eye and the microscope (i.e., in aperture, 
extent of absorption by lenses, etc.) it is quite correct... to claim an identity of the 
object and the image formed in an ordinary light microscope. (1976, 262) 

But she also points out that the argument above can only be proved if the light 

conditions in the moment of seeing the object through the microscope are the 

same as those for the eye. 

The “sameness” of object and image in fact implies that the physical interactions 
with the light beam that render the object visible to the eye… are identical with 
those that lead to formation of an image in the microscope. (Slayter 1976, 262) 

Most importantly, she concludes that 

Suppose however, that the radiation used to form the image is a beam of ultraviolet 
light, x-rays, or electrons, or that the microscope employs some device which 
converts differences in phase to changes in intensity. The image then cannot 
possibly be “the same” as the object, even in the limited sense just defined! The eye 
is unable to perceive ultraviolet, x-ray, or electron radiation, or to detect shifts of 
phase between light beams…This line of thinking reveals that the image must be a 
map of interactions between the specimen and the imaging radiation. The image 
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reveals only those properties of the specimen which microscope system is capable of 
revealing. (Slayter 1976, 262)  

 

The observation of a sample to be photographed is a real-time process undertaken 

by the microscopist that is dependent on their knowledge, sample preparation 

method, and apparatus capacity. In the article title “Do We See through the 

Microscope?”, Ian Hacking states that observation is not a passive form of seeing, 

but rather a skill. He points out that: 

Hardly any biologist knows enough optics to satisfy a physicist. Practice—and I mean in 
general doing, not looking—creates the ability to distinguish between visible artefacts 
of the preparation of the instrument, and the real structure that is seen with the 
microscope. (Hacking 1981, 309) 

 

In the early article “Photomicrography as It May Be Practiced To-Day”, David 

Worth Dennis writes,  

Doubtless it will always remain true that some things can be photographed better than 
others, and that a good preparation is to be preferred for this purpose to a poor one….I 
have often hunted for hours to find a section free from defects which told exactly the 
same story that another one told, the defects I could have removed harmlessly and 
easily. (Dennis 1900, 46–47) 

 

In his critical review titled “Catherine Wilson's The Invisible World: Early Modern 

Philosophy and the Invention of the Microscope”, Professor Brian Baigrie from the 

University of Toronto states that the microscope is best seen as a tool of 

visualisation rather than observation. He also points out that picture-making is a 

central part of what it means to work with a microscope: 

Besides the technical activities associated with operating, refining, and sometimes 
building the instrument itself, and associated speculations about the instrument and its 
impact on the hot topics of the day, the microscopist engages in assorted picture-
making activities. (Baigrie 1998, 165) 

 
The evolution of the modern microscope has brought the study of microorganisms 

far from the age of Robert Hooke, who built his instruments and drew pictures of 

what he saw. Microscopes have been developed to use X-rays, sound waves, and 

even the electron clouds that surround all matter to form images. However, the 

motive for using microscopes remains the same: being able to see and show the 

microworld, which is invisible to the naked eye (Burgess et al. 1987).  
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1.4.2 Interpretation in Microscopy 

In the technical appendix of the book Under the Microscope (1987), the authors 

point out that even very professional electron microscopists affect the final quality 

of images significantly: 

To become a proficient electron microscopist is a process of years rather than weeks 
or months. This is partly due to the complexity of the instrument, but it also reflects 
the fact that the electron microscopist has considerably more control over the 
quality of the final image than does the light microscopist. (Burgess et al. 1987, 196) 

This statement provokes another question: can such an image be considered as an 

objective representation of reality if its production involves the operator's 

manipulation, such as control over the quality? Additionally, different techniques 

of sample preparation are also involved in the interpretation of what is seen as a 

result of microscope work and no one method of specimen preparation can be 

considered ‘correct’ for a particular object. Different techniques yield different 

information about the same structure (Burgess et al. 1987). 

Furthermore, the same sample can look completely different in two pictures of it, 

depending on the interaction between various methods of sample preparation, the 

way one uses the microscope, the image-capturing settings in use, etc. Moreover, 

two different microscopists using the same instrument and sample will produce 

different micrographs. Even the results by the same microscopist can differ, as Dee 

Breger states in her book Journeys in Microspace: The Art of the Scanning Electron 

Microscope (1995). 

It is evident that the decisions made by the microscopist during the processes of 

observation and interpretation are based on their experience and intuition around 

image quality control; therefore, the processes are subjective. Hence, it is worth 

considering the ‘subjectivity’ and ‘creativity’ factors in the microscopist’s work.  

Ian Gibbins, in his article titled “A Feeling for the Image: Hands, Body and 

Visualisation of the Invisible”, suggests that  

Correct interpretation of the image requires knowledge of the source of the specimen, 
how it was prepared, the viewing conditions, and underlying operational principles of 
the microscope and its acquisition paradigms. 
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But something else is also going on, especially with experienced microscopists, or 
indeed, the users of any imaging instrument. It is readily apparent that such users 
develop a deep intuitive feel for the nature of the material they are observing. Such 
intuition arises from two sources: familiarity with the specimen under investigation, 

and familiarity with the mediation processes of the imaging instrument. (2014, 129) 

  
While professional microscopists may be ‘intuitively familiar’ with what they see, 

someone with a different background will not be. Gibbins states that 

The critical importance of familiarity is obvious if we are given a photograph of an 
object we have never seen before: not only will we fail to recognize it, to give it a name, 

but we may not even know which way the image should be oriented. (Gibbins 2014, 
131) 

 

He explains that when someone looks at a black-and-white photograph of their 

house or family, they can visually recognise familiar objects without direct 

awareness of shape or colour. When looking at a photomicrograph, it is impossible 

to recognise an object because there is no comparison to what has been seen 

previously, particularly in a high magnification (Gibbins 2014). If the shape of an 

object that is seen through a microscope is not the main purpose of that particular 

scientific observation, then it is not a parameter for further scientific analysis of 

the object. However, it remains a form of data that can be visually interpreted. 

Photographic representation of the microworld has faced difficulties due to the 

limitations of its photographic nature from the earliest application of photography 

to science. As Dennis observed in 1900:  

A man ten feet from the camera and a background of forest and hills from a hundred to 
a thousand feet away can not all be in correct focus at once... Photomicrography shares 
all these limitations. (44) 

 

Modern microscopy allows scientists not only to see/observe the natural 

phenomenon at hand through magnification, but also to make pictures/images of 

them. Moreover, with the use of modern technologies, such as the Internet, it is 

possible to share scientific images with anyone who is interested. This also allows 

different ways for scientific images to be interpreted. 

Photomicrography was originally a mechanical process by which it was only 

possible to obtain an image through the use of the camera attached or built into the 

microscope. Thus, the range of available photomicrography techniques was based 
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on the object interactions with the light. The SEM has expanded the boundaries of 

the observation and representation of the microworld because it allows us to study 

an almost unlimited range of specimens at a much higher magnification than was 

previously possible with the light-operated microscope. 

Images made by the SEM go beyond what can be captured with light because the 

process of producing a picture is camera-less; rather, SEM images are captured by 

a focused beam of electrons. Therefore, they are not photographs in the traditional 

sense. The apparatus tries to recreate a reality that is not a visual phenomenon, 

which scientists then try to analyse through its visual representation—the 

photomicrograph. 

Breger (1995) explores ‘compound reality’ in the nature of SEM 

photomicrographs, stating: 

And yet any image created with an SEM is still real in the sense that computer-
generated images are not. In another sense, the object that looks so solid on the screen 
or in the micrograph does not exist at all. Only electronic cables connect the image on 
the screen with the object in the sample chamber. In other words, though we 
experience the effect of direct observation, we are not even looking at the object we 
see. Electron microscopy is indirect and so can be disorienting. It is a matter of illusions 
echoing across dimensions, of technology-induced surreality. (11)  

Controlled by sophisticated computer software, the SEM apparatus produces 

images on a screen where each pixel represents some information encoded into a 

visual analogue. Therefore, the true nature of SEM apparatus is debatable: does it 

capture or generate images? 

1.4.3 Water Represented by the Scanning Electron Microscope 

The composition of water, even that which is entirely free from mineral and 

organic impurities, is complex and diverse because water is constantly in contact 

with all sorts of substances. The variety and frequency of the unusual properties of 

water are determined by the physical nature of its atoms and their association in 

the molecule and the group-formed molecules (“Chemical Association” 2017; 

Chaplin 2016)., One of technical requirements is that any biological object placed in 

the chamber of the SEM must be dry, because the SEM operates in a vacuum. As 

explained in Under the Microscope: A Hidden World Revealed (1987), 
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Turning to biological specimens for the SEM, it used to be necessary first to fix and 
dehydrate them, and then dry them either on air or by the use of liquid carbon dioxide 
(‘critical point drying’). The only exceptions to this were objects robust enough to 
withstand a vacuum without such treatment—pollen grains, for example, and insects 
with hard exoskeletons. (Burgess et al. 1987, 199)  

Dehydrating the specimen is not the only process of manipulation required for 

sample preparation, and others will be discussed in detail in Chapter 3. After the 

evaporation process, water is no longer a liquid; dry solids or other substances 

become watermarks that represent its previous composition. This natural process 

of drying reveals the unique, informative capacity of droplets as well as leaving 

behind the shapes and patterns. 

Desiccated drops of water that are attacked by the beam of electrons look different 

from one another under the same environmental conditions. In other words, SEM 

photomicrographs of water drops after evaporation can be seen as an alternative 

and unusual method of visually presenting the chemical composition of water. 

1.4.4 Photomicrography as an Art Form 

Contemporary practices in photomicrography are making significant contributions 

to the dialogue around aesthetics and artistic components in science. As far back as 

1963, in his article “The Aesthetic and Pictorial Applications of Photomicrography” 

for The Photographic Journal, Douglas Lawson wrote: 

When mentioned within the hearing of some pictorialists they immediately think it is 
only for the scientifically minded, or the record worker. Nevertheless, the so-called 
record photograph can be made to look quite attractive. Some of you may remember 
Mr. H. A. Murch, one of our great pictorial photographers, once saying, “I do understand 
the desire to apply pictorial ideas in record work, which is a very different objective, 
and we ought to welcome such an application when it can be done without losing 
anything of the essential factual value of the record”. Photomicrography offers 
expression not in what the painter has already done but in what the painter cannot do.  

Because this application of photography is highly scientific there is perhaps a tendency 
to think of it as being without scope for the artistic application. May I suggest that a 
work of art in any medium can be the deliberate creation of unity, and nature through 
the microscope is one medium provides us with plenty of scope for such unity. (Lawson 
1963, 1) 

Today, the practice of visually pleasing photomicrography is more mainstream. 

The most popular international photomicrography competition is Nikon’s Small 
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World Photomicrography Competition, which dates back to 1975. Participating 

images are judged for “their scientific and artistic merits” (Thompson 2013) and  

represent a broad range of visual studies of the microworld. Some of these 

photomicrographs have allegorical titles, a fact that highlights the relation of 

artistic intentionality in producing images and the scientific objectivity underlying 

the concept of the competition. Participation in the competition is restricted to 

images made by optical microscopes of any kind, which are capable of revealing 

natural colours of objects. As mentioned above, the SEM apparatus is camera-less; 

there is no light involved in the process; it is not an optical instrument. Thus, 

colours cannot be reproduced. Rather, artificial colours can only be added with the 

help of graphic software such as Adobe Photoshop. Therefore, colourised SEM 

photomicrographs cannot be considered as authentic as those made with the use 

of daylight or fluorescence and cannot be entered into the contest.  

 

The cost of producing photomicrographs made by modern scientific microscopes, 

both optical and electron-based, requires acknowledgement. Artists who use 

photomicrography in their practice face several obstacles, including having limited 

access to expensive equipment and well-equipped laboratories. This is in contrast 

with scientists, who generally have access to the sophisticated imaging technology 

commonly housed in research and academic institutions. As Burgess et al. observe, 

“Electron microscopes are large, expensive instruments which require careful 

installation and constant maintenance. They are almost never encountered outside 

the laboratory” (1987, 196). This partly explains why the majority of submissions 

to Nikon’s Small World Photomicrography Competition are from scientists.  

 

In 2016, I participated in this competition, and was fortunate enough to be 

included in the top one hundred finalists, receiving an award of “Image of 

Distinction” (“Winners” 2016). I did not enter an SEM photograph into the 

competition; instead, I entered the image made by the Fluorescent Confocal 

Microscope. I was one of the few participants who was not a scientist or a 

professional microscopist. It is a crucial point of difference between my work and 

that of other participants that the specimen I photographed was not involved in 

any scientific investigation related to it; it also was not a part of any technical work 

associated with microscope performance, such as testing. Rather, my only 
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intention for working with the specimen was to create an artistic image of it—to 

make an artwork. Therefore, I used the SEM as a creative tool. Such awards and 

competitions as Nikon’s Small World and International Images for Science (The 

Royal Photographic Society) are very popular and generate much public interest 

for photomicrography. With the Internet and social media, such projects now have 

a much wider audience, contributing to the general movement of joint artistic and 

scientific practices. 

1.5 Explanation of the Research Question 

Visual art is a powerful platform for alternative approaches to scientific outputs, 

but it is crucial to differentiate between visual data in images captured by devices 

designed as resources for scientific investigation and ‘visual elements’ in scientific 

images.  

To effectively engage with photomicrography as a social phenomenon, it is crucial 

for an artist to demonstrate an understanding of its ‘scientific’ protocols of 

representing. But will the viewer be familiar with what he or she sees in scientific 

images? If not, how will they perceive such images? Do the images need to be 

explained or are they capable of conveying messages in a different context? 

Through my work, I place (virtually and physically) the scientific image into the 

‘hostile’ environment of the art gallery. In this space, the significant scale of the 

photomicrographs, their impeccable details, and photographic materials used lead 

to a disconnection between pure data and their visual form. Artistic 

photomicrographs of water after evaporation call upon the viewer’s creative 

ability to perceive previously unseen water composition after evaporation as well 

as to observe natural phenomena over and beyond the directly visible.  

My images transform the microworld to a macro level and evoke an interest in 

water chemistry that is shown as being beautiful. This causes a dilemma for 

viewers, particularly because the gallery space is different from a laboratory. The 

captions for my photographs refer to the sites where the water samples were 

collected. It is intriguing that they can resemble aerial photographs of 

topographical features of particular water reservoirs.  
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This research aims to explore the artistic potential of scientific photomicrography 

and its social and cultural impact. Reflecting the chemical composition of water 

and interpreting photomicrographic images of it, my practice seeks to provide 

insights and awareness, and to encourage behavioural change, resolutions and 

transdisciplinary relationships and innovation. To achieve these ambitions, I 

actively engage with scientific and local communities, as well as expose them to my 

work through exhibitions and competitions. I use a combination of scientific 

techniques of water sample collection and preparation, scientific imaging methods, 

digital manipulation with photomicrographic images (in both lab and studio), and 

computing tools to create my works. They provide new models which can enhance 

participation, public engagement, information literacy, and ecological action. 

1.6 Exegesis Structure 

Having outlined the research interests of this exegesis, I will now outline the 

structure of the remaining chapters. In Chapter 2, I focus on the digital era, a time 

when photography’s status as independent indexical register of reality began to be 

undermined by computerised imaging processes. I discuss the influence of digital 

technology in representing data in science. Following this, I explore the 

contemporary movement Science Art (or Art-Sci). I discuss the emergence and 

existence of the phenomenon Third Culture and give some examples of its 

implications. I also focus on eco-activism, both in science and art, with a particular 

focus on water and water-management issues. Finally, I discuss in detail particular 

collaborative and individual projects where artists bring together art and science 

using the microscope as a medium. 

Working on this project included mostly working in a laboratory with collected 

water samples. In Chapter 3, I discuss principles of working with the SEM since 

they are very different from those related to the fluorescent and stereo-optical 

microscope. I also describe the data collection and sample preparation methods I 

used, including the drop evaporation technique, which has been the focus of 

numerous studies in the last few decades. I then explain my artistic intervention in 

the scientific process through experimenting with the SEM. This important section 

highlights the creative status of scientific photomicrography in an artistic context. I 
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provide a detailed description of the digital computer manipulations and creative 

coding I used in the development of my work. 

 

In Chapter 4, I discuss my main project. Here I focus on my field trips, including a 

water-monitoring trip with MRWL, with particular emphasis on the processes of 

water-quality monitoring, water sample collection, and engagement with 

community groups. I further address the work flow and production processes used 

in the laboratory and techniques of image manipulation using artistic methods. I 

discuss my creative works and provide some technical details of images of water 

collected from particular sites. I explain the significance of the project and suggest 

possible future developments of my work. I also provide critical reflection on the 

project and its aesthetic quality through the feedback I received regarding my 

exhibitions, artist talks, and dialogues. 

Chapters 5 and 6 are devoted to the theoretical and artistic findings of my project. I 

discuss the aesthetics of the SEM photomicrographs, as it is my tool and medium. 

Particular attention is paid to the indexical function of artistic photomicrography 

made by the SEM. I suggest a few ways of seeing water from a different perspective 

and these ideas are reinforced by my artistic practice. I explain an artistic 

interaction with scientific data as a process of discovery of a new application of 

scientific photomicrography. I explore how new meaning can be attributed to 

photomicrography made by the SEM. 
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Chapter 2: Literature and Visual Context Survey 

 

2.1 Ambiguity of the Meaning in the Photographic Scientific Image 

 

In this sub-section I explore the ambiguous nature of photography, and scientific 

photomicrography in particular. I present a literature review that overlaps 

interdisciplinary research in rhetoric, art, science, and communication to 

understand how different messages can be conveyed through scientific images. 

The purpose of this analysis is to rethink the scientific visual literacy of 

photomicrography made by the Scanning Electron Microscope (SEM). By analysing 

what role scientific photographic images play in the interpretation of scientific 

phenomena, I attempt to form a theoretical frame that can help to rethink the 

meaning of scientific photography, and to discover whether images created by 

photomicrography are capable of expressing more than just scientific data. I also 

examine the digital shift in scientific imaging and the implication of digital 

technology to photography, particularly photomicrography produced by the SEM. 

 

2.1.1 Narrative and Meaning in Photography 

 

The meaning of the photographic image has always been problematic and has been 

widely discussed since the invention of the photographic process. In his essay 

“Invention and Discovery: First Images” (1997), Larry J. Schaaf mentions that “The 

duality of photography’s role as both science and art has challenged the 

imagination from the very beginnings in 1839” (Schaaf 1997, 26). 

 

This debate, which is ongoing within philosophical communities and the general 

public, generates around the topics of whether photographs can be considered an 

art form and whether the photographic image can convey messages or if it only 

reproduces the form of objects. Some critics (e.g., Santayana 1988; Scruton 1981) 

do not dismiss photography as being a creative pursuit; however, they consider 

photography as a mechanical medium for reproduction which produces objective 

images of the world without artistic intervention. Others (e.g., Singer 1977; Weston 

1943; Burgin 1982; Sekula 1982) consider and employ photography as an artistic 

medium.  
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These two different views, which address the aesthetic foundations and limitations 

of what photography can convey, have been widely discussed in philosophical 

literature (Benjamin and Underwood 2008, Sontag 2008, Berger 1989, 

Trachtenberg 1980, Sekula 1982, Burgin 1997). However, very little research has 

addressed the problem of meaning in scientific photographic imagery. In the 

attempt to understand what scientific photomicrography is capable of achieving, it 

is useful to examine and compare the fundamental philosophical views on 

photography held by theorists such as George Santayana and Roger Scruton, who 

reject the artistic capability of photography, and Irving Singer and Edward Weston, 

who assert the opposite. 

Santayana, a cultural critic and philosopher, takes the position that photographs 

are very accurate, trustworthy representations of objects because photography is a 

casual, mechanical medium. He points out the aesthetic limits of photography and 

claims that photographs retain the “visible semblance” of interesting things; that is, 

how the photographic image relates to the image in mind. In his famous essay “The 

Photograph and the Mental Image”, he discusses that: 

The eye has only the retina, a brain, and a limited capacity for storage; but the 
camera can receive any number of plates, and the new need never blur nor crowd 
out the old. Here is a new and accurate visual memory, a perfect record of what the 
brain must necessarily forget or confuse. …Photography imitates memory, so that its 
product, the photograph, carries out the function imperfectly fulfilled by the mental 
image. The virtue of photography is to preserve the visual semblance of interesting 
things so that the memory of them may be fixed of accurately restored. (Santayana 
1988, 259–260) 

He also claims that the photographic image offers a “literal repetition” of objects. 

To him, the non-intentional nature of photography allows it simply to repeat or 

revive experience, whereas the creative arts interpret the experience of the viewer. 

As Santayana explains: 

…both camera and the brain transform their impressions in many ways, but not as a 
moral and conscious interest would transform them. The accidental transformations 
of the image in photography and memory are consequently defects and 
imperfections, while the intentional transformations of ideal art are beauties. For 
the function of photographs and of mental images is to revive experience, but the 
function of creative art is to interpret experience. Creative art must transform the 
object, in order to tell us something more about it; for an interpretation that merely 
repeated the identical terms of its text would be a laughable and stupid thing. Yet 
just this literal repetition makes the success of an art whose function is revival. 
(Santayana 1988, 263) 
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In his article “Santayana and the Ontology of the Photographic Image”, Irving 

Singer, an American Professor of Philosophy previously on the faculty of the 

Massachusetts Institute of Technology (MIT), makes an important note that 

photographs of objects are ontologically different from the real-world objects they 

depict. They are photographs and, as such, are experienced as photographs. From 

this perspective, the viewer is offered to perceive the representation of objects, not 

literal duplicates of the objects themselves (Singer 1977). 

In line with Santayana, English philosopher Roger Scruton claims that there is no 

possibility for artistic creativity in the photographic process, because it is merely 

mechanical and casual. Moreover, this process places considerable limits on what 

can be aesthetically achieved. In his article entitled “Photography and  

Representation” (1981), Scruton concludes that photography is not an art form, 

and is not representational art. Scruton believes that the term ‘representation’ 

must only be used in a context of artist’s intentionality to produce their artwork. 

Being a casual medium, photography precludes this type of intention (Scruton 

1981). 

With an ideal photograph it is neither necessary nor even possible that the 
photographer’s intention should enter as a serious factor in determining how the 
picture is seen. It is recognized at once for what it is—not as an interpretation of 
reality but as a presentation of how something looked. (Scruton 1981 cited in 
Koobatian 1983, 12) 

Scruton believes it is impossible to convey thoughts through the medium of 

photography. However, there are many available objections to Scruton’s argument. 

For example, Dawn M. Phillips’s article “Photography and Causation: Responding 

to Scruton’s Scepticism” argues that Scruton’s argument is flawed in two 

significant respects. Phillips explains:  

He [Scruton] is not entitled to the idea that an ideal photograph has a subject and he 
is not entitled to the restriction he places on how we might take an interest in the 
ideal photograph: namely that we may only take interest in photographs that 
visually resemble the photographed objects. Both of these flaws share, as a root, 
Scruton’s underestimation of the causal provenance of photographs and the extent 
to which the nature of the photographic process makes photography a distinctive 
‘medium’. (Phillips 2009, 338) 

Canadian philosopher Professor Peter Alward from the University of 

Saskatchewan states that the photograph becomes narrative after it is taken. A 
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photograph can be representational through its art-historical context or the 

artistic statement it makes, but, unlike paintings, photographs cannot be 

intrinsically representational, Alward concludes (2012). 

Professor of Philosophy at the University of British Columbia Dominic M. Lopes 

also challenges Scruton’s argument. In his article, “The Aesthetics of Photographic 

Transparency”, he proposes that the aesthetic attraction of the photograph is 

different from the attraction of seeing the objects that the photograph represents. 

Lopes’s statement supports Singer’s point of view that a photograph of the object 

and the object itself are ontologically different: 

Photographic seeing through may foster and satisfy aesthetic interests that face-to-
face seeing cannot foster or satisfy. The equivalence thesis is false. It is fair to 
conclude (modestly) that photographs engage genuine aesthetic interest when seen 
as photographs. (Lopes 2003, 446)  

 

Many philosophers try to defend the representational nature of a photograph and 

its capability to be aesthetically interesting. But it is necessary to find out how 

photographs can be representational and then be considered aesthetically 

attractive. In this philosophical debate, I believe that too much emphasis is placed 

on the mechanical aspect of the camera, disregarding the photographer using the 

camera.  

The American photographer Edward Henry Weston argues for the importance of 

the subjective, creative aspect in photography. He states that “seeing 

photographically” is the most important and at the same time the most difficult 

task when compared to managing the camera or developing the film or printing it 

(Weston 1943). In his essay “Seeing Photographically”, he writes: 

By varying the position of his camera, his camera angle, or the focal length of his 
lens, the photographer can achieve an infinite number of varied compositions with a 
single, stationary subject. By changing the light on the subject, or by using a color 
filter, any or all of the values in the subject can be altered. By varying the length of 
exposure, the kind of emulsion, the method of developing, the photographer can 
vary the registering of relative values in the negative. And the relative values as 
registered in the negatives can be further modified by allowing more or less light to 
affect certain parts of the image in printing. Thus, within the limits of his medium, 
without restoring to any method of control that is not photographic (i.e., of an 
optical or chemical nature), the photographer can depart from literal recording to 
whatever extent he chooses. (Weston 1943, 213)  
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The same view was expressed by Singer in his previously cited article: “… against 

Santayana, I suggest that even automatic technology cannot eliminate the need for 

an artist to make sense out of the world he wishes to introduce into his work of 

art” (Singer 1977 cited in Koobatian 1983, 20). 

Following Weston’s and Singer’s positions, one may conclude that if a 

photographer intends to transform the reality before their camera, it is possible for 

them to represent their personal ideas and thoughts through their work. This 

artistic intentionality is not precluded by the ‘casual’ nature of the camera or the 

photographic process (Koobatian 1983). 

This view is also supported by a statement expressed by Martin Kemp, Professor of 

Art History at Oxford University, in his book Seen/Unseen: Art, Science and Intuition 

from Leonardo to the Hubble Telescope (2006), where he argues that the crucial 

subjective choices that a photographer makes at every stage in the photographic 

process determine the appearance of the photographic image. Kemp points out:  

The first and absolutely crucial choices involve the selection of the subject to be 
represented from a particular viewpoint, and, not infrequently its staging with 
respect to the preparation, arrangement, and lightning of the subject. (Kemp 2006, 
267) 

 

To summarise, a photographer does not simply represent a particular subject, but 

rather they interpret it. When an artistic intention is expressed before and after a 

photograph is produced, it means that the photograph is capable of conveying 

aesthetic meaning.  

 

2.1.2 The Ambiguity of Scientific Photographs  

 

While scientific photography is a specific field, it shares all the problems that 

general photography endures. It is expected that scientific photography is 

restricted to simply reproducing appearances of reality instead of recreating or 

interpreting it. Its capacity for conveying aesthetic messages is perceived as 

restricted because of the scientific rigorous nature of photographic apparatuses 

used in science, with the microscope being one such device. Scientific photographs 

can be perceived as being more ‘objective’ than other photographs because their 

primary focus is to convey accurate information. Supposing the scientific image 
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can tell us something more than the fact it simply represents, its meaning can 

surely be ambiguous. What a viewer sees in a photograph and how they interpret it 

seem to depend largely on the context in which the photograph is placed. A 

photograph is ambiguous because it represents a form taken out of context; it is a 

frozen visual moment of a continuing event. The ambiguity of photographic 

meaning can be seen in scientific photographic images and the way in which they 

represent a reality. 

The ambiguity of scientific images has been examined by Curtis R. Newbold in his 

dissertation titled “Ambiguous Science and the Visual Representation of the Real” 

(2012) Here, Newbold explores how the influence of aesthetics in visual 

representations of science creates ambiguous meanings and how communicating 

the real world is affected by ambiguous representation. He states that it is 

impossible to avoid ambiguity in scientific representations; moreover, it may even 

be desirable for a clearer understanding of the subject. (Newbold 2012). 

Nevertheless, he also points out that  

Science itself doesn’t necessarily have to be ambiguous for the communication of it 
to be. “The real” in the title is the objective scientific phenomena that 
representations seek to mimic but fail to, with precision, mimetically do so. 
“Ambiguous science” represents the signified interpretations that “the real” 
becomes after being mediated by visual representations. (Newbold 2012, 141) 

Visual ambiguities are not necessarily just design mistakes or confusions, but rather 
they are spaces in which the abstractness and vagueness of science can be made 
clear. Paradoxically, then, visual ambiguities epistemologically become a discipline’s 
understanding of what is real. (Newbold 2012, 144) 

As well as the context an image is presented, our knowledge of the subject in a 

scientific photograph influences our understanding of the photograph’s meaning. 

Interestingly, scientists do not reject the ambiguity of photographs in science, 

particularly images made by the SEM. In his article “The Process of Interpreting 

Images Obtained by Scanning Electron Microscopy”, Patrick Echlin, analytical 

microscopist at the University of Cambridge, highlights:  

Photographs preserve the look of things and although they may cut across a time 
line, they can be studied over time. Unfortunately, photographs have a number of 
failings. They are always of the past and may be ambiguous and non-representative 
if out of context. Electron beam images can only be expressed in amplitude 
contrast—we do not have green or red electrons. Transient effects of illumination 
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may, unknowingly, limit the images we photograph and we must remember that 
they are always 2-D representations of 3-D objects. (Echlin 2005, 1320) 

 

Janet Vertesi, a sociologist of science and technology at Princeton University, 

points out that early modern communities believed that all that was needed for an 

accurate image production of something microscopic was a “sincere hand and 

faithful eye” (2002, 3), whereas the advent of technical and mechanical 

representation meant that the human was no longer believed to be an accurate 

instrument. Therefore, the informant was excluded from the process of 

representation (Vertesi 2002). Echlin concurs with this, stating “A photograph is 

accepted as a piece of ideological positive evidence and an objective representation 

of truth” (Echlin 2005, 1320). However, later in his article, Echlin claims that the 

image acuity is the prime responsibility of the microscopist. He writes: 

Before we attempt to consider interpreting the SEM images, we first need to confirm 
the image acuity. This is the prime responsibility of the observer who views and/or 
records the image. We first need answers to the following questions. Is the image, 
which may well be unique, representative of the object from which it is derived? Is 
the transformation from the object to the image of sufficiently high fidelity? Are we 
aware of all the perturbation which may have been introduced by faulty 
preparation, instrumentation, examination, analysis and recording? Are we able to 
recognize, isolate and separate artefact from damage? Damage is defined as 
something that occurs as an unexpected event during preparation, examination and 
analysis. In contrast, artefacts arise as a consequence of deliberate attempts to alter 
the state of the object so it may be better imaged and analysed in the microscope. 
How much correlative microscopy has been carried out on the object? What 
additional non-optical information is available about the object? (Echlin 2005, 1320) 

 

Such a long list of requirements in an attempt to produce a ‘good’ and ‘truthful’ 

photomicrograph indicates the significant involvement of the operator in the 

process of making photomicrographs, and this involvement undermines the ‘truth’ 

of photomicrographic images. 

Scientific photographs often record too much information, and, as Galison points 

out in “Judgment against Objectivity,” in Picturing Science Producing Art, scientists 

discuss whether to remove this unnecessary information or to accept it (Galison 

1998). Regarding this debate, Vertesi raises the following questions: “should the 

object ‘speak for itself’? Must the scientist depict a universal type, or is interpretive 

intervention required to highlight the important aspects of the picture?” (Vertesi 

2002, 3) 
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Further in this sub-section, the problem of the meaning in the scientific image will 

be explored from the perspective of semiotics, the study of signs. Much of 

foundational work in semiology belongs to Charles Sanders Peirce, who divided 

signs into three different categories: the icon, the index, and the symbol (Peirce 

1955, 107). 

Photography used as proof of scientific data often encompasses overlapping 

indexical and iconic features. Peirce did not see all three types of signs functioning 

as mutually exclusive operations with distinct boundaries of definition. 

Considering the use of photography in science, it is first necessary to point out that 

the meaning and interpretation of scientific photographs are based on their 

indexicality. When the indexical sign itself refers to an object, it is something 

different from the sign itself—which depends on the basis of its nature or the 

condition the sign is in (Peirce 1955). Photomicrographs made by the SEM are not 

an entirely indexical register of what is seen in the microscope. They are also 

iconic due to the instant capturing of the sample after which the image seems to 

look like the objects they represent. However, an index, defined by Peirce, is a 

category of sign that has some physical connection to its referent, in this case to 

SEM, which leaves it its own traces through the specific way of producing an image. 

Thus, indexicality may be considered as an ontological condition of the 

photographic images made by the SEM. (A detailed explanation of how the SEM 

produces its own traces will be provided in Chapters 3 and 5.)  

When we look at a photograph made by the SEM, we see an image of the object and 

an image of the environment the object was placed into. Additionally, we see black 

and white areas in the photograph, which we recognise as tones. They can be 

perceived as shadows and bright parts of the object or under- and overexposed 

areas in the photograph. However, these black and white areas indicate the level of 

depth in the surface of the object or they can refer to the intensity of the electrical 

charge used—meaningful information for scientists and microscopists. This 

example illustrates a few options when black and white work as indices of 

something different from themselves. Here again, it is evident how the 

interpretation of a photograph deeply depends on its context, and the experience 

and cultural background of the viewer.  
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It is also important to distinguish between form and content in conveying 

messages through photographs. British conceptual artist, photographer and 

theorist Victor Burgin argues that photographic content is the subject of 

deliberation (interpretation) because photography is not a universal visual 

language. He suggests that the photographic message derives from the knowledge 

that is "cultural, verbally transmitted, and in the final analysis, ideological" (Burgin 

quoted in Evans 1997, 79). In the essay titled “Art, Common Sense and 

Photography”, he explains his argument: 

Most photographers are aware of using some sort of system of effects in their work, 
but such systematisation as may be achieved is generally believed to concern only 
the purely formal—the 'visual'. Content, it is behaved, is just there in the world, and 
therefore in the picture, whether lined up with the frame or composed on the 
diagonal. But once we reject the idea of photography as a purely visual language, 
understood equally by everybody everywhere, then we may begin to consider the 
possibility that content too, may be produced as deliberately as one may plan the 
formal composition of the photograph. (Burgin quoted in Evans 1997, 79–80) 

Burgin points out that in relation to the photograph, content is not possible 

without form, and he continues this discussion in terms of semiotics, providing an 

analysis of some examples of the use of photography in advertising. 

Both Burgin and Koobatian suggest that semiology can help to interpret the 

meaning of the photograph but it cannot explain completely how photographs 

convey messages. With reference to Rudolf Arnheim, Koobatian states that the 

unlimited aesthetic suggestions in photography enrich the experience of a viewer, 

whereas semiology “attempts to reduce such experiences to a number of rigid 

concepts which cannot fully characterise nor appreciate the inexhaustible 

individuality of appearances” (Koobatian 1983, 99). Arnheim, an art and film 

theorist, is best known as a perceptual (Gestalt) psychologist. In his essay titled 

“On the Nature of Photography”, he states: 

The standardized designations of things are nothing but the husks of information. By 
reducing the message to meager conceptual fare one accepts the impoverished 
practical responses of modern man in the street as the prototype of human vision. In 
opposition to this approach we must maintain that imagery can fulfill its unique 
function—whether photographic or pictorial, artistic or informational—only if it 
goes beyond a set of standardized symbols and exerts the full and ultimately 
inexhaustible individuality of its appearance. (Arnheim 1974, 159) 
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From this standpoint, it is necessary to examine the work of visual theorist Roland 

Barthes, who claims that photographs can express meanings and, in the same way 

as artists do, they can interpret reality. 

 

According to Barthes, when a photograph can be identified but it does not have a 

meaning, then it is capable of communicating a “first-order message”, the denoted 

message of a photograph. He claims, however, that the purely denoted message of 

a photograph coexists with its connoted message when it is read and understood 

in terms accepted for the general public. To explain this paradox of co-existence, he 

suggests that a “connoted (coded) message develops on the basis of a message 

without a code” (Barthes 1977 quoted in Koobatian 1983, 88). 

…on the one hand, the press photograph is an object that has been worked on, 
chosen, composed, constructed, treated according to professional, aesthetic or 
ideological norms which are so many factors of connotation; while on the other, this 
same photograph is not only perceived, received, it is read, connected more or less 
consciously by the public that consumes it to a traditional stock of signs. Since every 
sign supposes a code, it is this code (of connotation) that one should try to establish. 
(Barthes 1977, 19) The photographic paradox can then be seen as the co-existence 
of two messages, the one without a code (the photographic analogue), the other with 
a code (the 'art', or the treatment, or the 'writing', or the rhetoric, of the 
photograph); structurally, the paradox is clearly not the collusion of a denoted 
message and a connoted message (which is the—probably inevitable—status of all 
the forms of mass communication), it is that here the connoted (or coded) message 
develops on the basis of a message without a code. (Barthes 1977 quoted in 
Koobatian 1983, 89) 

 

He also states that the photograph is at once “‘objective’ and ‘invested,’ ‘natural,’ 

and ‘cultural’” (Barthes 1977 quoted in Koobatian 1983, 89), thus encapsulating 

the coexistence of objective representation and coded cultural message. Depending 

on the educational and cultural background of the individual, the way they 

perceive the configuration of shapes and colours in a photograph will be 

transformed into a number of different meanings (Barthes 1977 quoted in in 

Koobatian 1983). 

  

In other words, a photograph can convey meaning that derives from both its visual 

representation (denoted message and signs to be read) and the result of the 

viewer’s reading into or out of the representation. Barthes’s main point is that 

symbolic meaning in photographs is culturally generated, and that culture is the 
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crucial element in transforming perception into a collection of iconic symbols that 

give perception meaning (Koobatian 1983). 

In his essay “On the Invention of Photographic Meaning,” American photographer, 

theorist and critic Alan Sekula supports Barthes’s idea that the context in which a 

photograph is perceived is important for its understood meaning. He expands this 

point of view by stating: “The photograph, as it stands alone, presents merely the 

possibility of meaning. Only by its embeddedness in a concrete discourse situation 

can the photograph yield a clear semantic outcome” (Sekula in Burgin 1982, 91). 

2.1.3 The Implications of the Digital Era on Representation Data in Science 

The earliest techniques of digital manipulation began to emerge in the 1970s, 

when photography was still largely considered a less significant form of art than 

painting because of its mechanical nature. Writing for the catalogue to the 

exhibition Before Photography (1981), Peter Galassi explains:  

Regarded essentially as a child of technical rather than aesthetic traditions, the 
medium is inevitably considered an outsider, which proceeded to disrupt the course 
of painting….Devotees of the camera obscura explain the machine's growing 
popularity as a symptom of a new thirst for accurate description. (Galassi 1981, 12) 

This suggests that photography was not perceived as an art form precisely because 

of its iconicity and indexicality. With the initiation of digital technologies of 

photographic reproduction, the authenticity of its indexical status as an ontological 

condition for photographic images inherently lost its functionality. In his book 

After Photography, media theorist Fred Ritchin explains that “Photography in the 

digital environment involves the reconfiguration of the image into a mosaic of 

millions of changeable pixels, not a continuous tone imprint of visible reality” 

(Ritchin 2009, 18). Therefore, many scientific photographs made by digital 

methods face a challenge in terms of their ‘objective’ status.  

The interpretation of SEM photomicrographs is even more complex due to the 

electronic nature of the SEM apparatus. Breger explains that the SEM is not only 

capable of using electron beams to illuminate the sample at hand, but of 

manipulating isolated groups of electrons to create pictures (secondary or 
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backscatter images) that contain different kinds of information about the sample 

(Breger 1995). 

In addition to Breger’s note that “only electronic cables connect the image on the 

screen with the object in the sample chamber” (Breger 1995, 11), Echlin points out 

that the SEM-produced image is constructed of pixels, and makes an important 

note in relation to this: 

It will be necessary to consider how much information is needed to interpret the 
image. Previous experience and context lessen the required pixel density. 
Unfamiliarity will require more pixels to provide more information. (Echlin 2005, 
1320) 

Significantly, these pixelated computer-generated images have been programmed 

to produce a resemblance of the traces produced in analogue photography. As a 

product of electron microscopy, such images are perceived as ‘real’ photographs. 

The photographic process, be it digital or analogue, is based on the work of light 

forming an image, while there is no light in SEM image-making. Echlin 

acknowledges that:  

Our first view of the image of an object is that displayed on the microscope TV 
screen. To avoid further beam damage, we usually quickly record this image in a 
digital form that can be easily transformed into a permanent photograph. (Echlin 
2005, 1320) 

Echlin’s description of an “image in a digital form” is probably more appropriate 

than a “photograph” for an image made by the SEM.  

In the late 1980s, with the escalating availability of new technologies, the medium 

of photography’s privileged status as a marker of truth and measurement of reality 

began to be undermined by computerised imaging processes (Green and Lowry 

2003). Despite photographs being no longer considered literal traces and often 

susceptible to manipulation, it is important to account for the social function of 

digital photographs. The loss of faith in photographic truth is not entirely due to 

digitalisation—although it is definitely a contributing factor. Even today, the 

traditional outputs of analogue photography, such as photojournalism, and the 

perception of the general public still cling to the belief and expectation that there is 
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some indexical relation to reality in each photograph. Many digitally generated 

images "look like" analogue photographs. 

Damian Sutton downplays the loss of indexicality in digital technology because 

digital images are perceived in the way a viewer understands analogue 

photography. Although Sutton acknowledges that analogue photography’s 

connection with indexicality was always challengeable, he argues that perceiving 

an analogue photograph as an image connected to reality is an ideological function 

of photography based on its indexicality. In his essay "Real Photography", he 

explains: 

Digital photography, and especially its apparently invisible manipulability, 
destroyed the photograph's privileged connection to the object. Without this anchor 
to reality, the semiotic relationship seemed over-balanced towards the iconic and 
the symbolic i.e. representation. Yet the concerns expressed in the 1990s, that the 
digital image equates photography with fallibility and distrust, now seem caught up 
in the historical moment of digital technology's first real flourishing; photography 
has always been "dubitative" ... and this characteristic is not the province of the 
digital image alone. (Sutton 2007, 165) 

Ritchin supports this point of view in his book In Our Own Image: The Coming 

Revolution in Photography (1999), where he points out that misrepresentation 

through photography appears not to be due to digital techniques, but to the nature 

of photography in general: “Photographs have long been used to illustrate 

preconceptions. They have long been decontextualized, misdirected, cynically 

relied up to confirm certain values by those who control their use” (125). 

Ritchin argues that advanced electronic technology just makes photography more 

sustainable for manipulations that lead to misrepresentation, and this requires a 

reexamination of their photographic meaning. William J. Mitchell (2001) agrees 

with Ritchin’s assessment that photographs have long been manipulated in a 

variety of ways and urges a rethinking of the ethical principles of the use of digital 

technology in graphic communication. He claims: 

The growing circulation of the new graphic currency that digital imaging technology 
mints is relentlessly destabilizing the old photographic orthodoxy, denaturing the 
established rules of graphic communication, and disrupting the familiar practices of 
image production and exchange. This condition demands, with increasing urgency, a 
fundamental critical reappraisal of the uses to which we put graphic artifacts, the 
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values we therefore assign to them, and the ethical principles that guide our 
transactions with them. (Mitchell 2001, 223)  

 

Meanwhile, Sutton’s argument is that the transfer from analogue to digital is not 

significantly noticed when the viewer perceives digital photographs (Sutton 2007, 

169). It is important to add that the digital manipulation of an image can also go 

unnoticed by viewers.  

 

To conclude, this sub-section has shown that the belief that scientific 

photography—and SEM photomicrography, in particular—records and conveys 

accurate information was challenged by the emergence of digital technologies. 

Moreover, the production of photomicrographs requires a significant level of 

involvement from the operator, which, in turn, undermines the belief in an 

accurate, mechanical representation of reality. This sub-section has also shown 

that interpreted scientific images can convey different meanings if they are placed 

in different contexts. Photomicrographs can be considered as representational art 

if they are created with an artist’s intention to communicate particular thoughts 

using the microscope as a medium. In subsequent sections, I will closely discuss 

intersections of science and art, and photography and photomicrography in both 

theory and practice to illustrate the capability of scientific images serving aesthetic 

and artistic purposes. 

 

2.2 Third Culture: The Fusion of Art, Science, and Technology  

 

Art and science have been perceived as mutually exclusive epistemologies since 

the late 1950s. However, in recent years, there has been increasing interest in 

merging arts and sciences into a singular culture. In addition to this shift, the use of 

modern technology and science in artistic projects has created a new art 

movement called ‘Art-Sci’. 

 

The paradigm of the 'two cultures' was popularised by C. P. Snow through his 

fundamental publication The Two Cultures, first published in 1959. Snow divided 

intellectual thinkers in two groups: those from arts or humanities disciplines 

(literary intellectuals) and those from the sciences (scientists). This heralded the 

perceived split between the so-called 'left brain' and 'right brain' functions, and the 
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education system of society and its intellectual life were subsequently designated 

by this separation. 

However, in the second edition of The Two Cultures, published in 1964, Snow 

predicted that the emergence of a ‘third culture’ would enhance communications 

between the literary intellectuals and the scientists. In the chapter titled “The Two 

Cultures: A Second Look”, he writes: 

…literary intellectuals represent, vocalize, and to some extent shape and predict the 
mood of the non-scientific culture: they do not make the decisions, but their words 
seep into the minds of those who do. Between these two groups—the scientists and 
the literary intellectuals—there is little communication and, instead of fellow-
feeling, something like hostility. (Snow 1964, 61) 

He also states that 

In our society (that is, advanced western society) we have lost even the pretence of a 
common culture. Persons educated with the greatest intensity we know can no 
longer communicate with each other on the plane of their major intellectual 
concern. (Snow 1964, 60) 

Later, he concludes that 

There is, of course, no complete solution. In the conditions of our age, or any age 
which we can foresee, Renaissance man is not possible. But we can do something. 
The chief means open to us is education—education mainly in primary and 
secondary schools, but also in colleges and universities. There is no excuse for 
letting another generation be as vastly ignorant, or as devoid of understanding and 
sympathy, as we are ourselves. (Snow 1964, 61) 

In the introduction to his book The Third Culture: Beyond the Scientific Revolution 

(1996), John Brockman states that despite Snow predicting the ‘third culture’ and 

that literary intellectuals would find the way communicate with scientists, Snow 

did not describe it accurately. Brockman explains: 

Literary intellectuals are not communicating with scientists. Scientists are 
communicating directly with the general public. Today, third culture thinkers tend 
to avoid the middleman and endeavor to express their deepest thoughts in a manner 
accessible to the intelligent reading public. …The role of the intellectual includes 
communicating. Intellectuals are not just people who know things but people who 
shape the thoughts of their generation. (Brockman 1996, 18) 

Accepting the concept of the Third Culture, artists and scientists are trying to find 

their position within the field of intersections between art and science. Many have 

started to believe that the combination of scientific knowledge, technological 

innovations, and artistic creativity is essential for a sustainable future. 
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In his catalogue essay for the seventh Adelaide Biennial of Australian Art (2006) 

conVerge: Where Art and Science Meet, Ian Lowe, Emeritus Professor of Science, 

Technology and Society from Griffith University, claims that “A creative synthesis 

of the arts and sciences is critical to the future of civilisation” (21). He mentions 

challenges and complex issues that both disciplines meet when crossing the 

boundaries between Snow's ‘two cultures’. However, he also argues that solving 

the modern problems of society will require a melding of science and art (Lowe 

2002, 21). 

In the same catalogue, Terry Cutler, a former Chair of the Australia Council for the 

Arts, points out the challenges that collaborations between arts and science face. In 

his essay “The Art of Collaboration”, he explains: 

Collaborations between the arts and sciences involve establishing new paths to 
discovery and 'breakthrough' insights. Such connections re-establish the social 
context of scientific and intellectual inquiry, and its dependence on forms of shared 
expression and communication. (Cutler 2002, 12) 

In his opinion, the transition from a collaborative approach in arts and sciences to 

a social model of partnerships and the need to develop new methodologies for 

such practices are big challenges in the twenty-first century (Cutler 2002). 

The conference “Art + Science – Towards a Third Culture?”, which was held in 

2013 at Overgaden, the Institute of Contemporary Art, in Denmark, explored art–

science intersections and “the current hype surrounding the phenomenon”. 

According to the curatorial statement on the conference website, it remains 

unclear how can art and science mutually benefit each other. 

…more and more artists have started to work with scientific areas of research, 
technologies, and methods in the field of “sci-art,” often in collaboration with 
scientists. Parallel to this, scientific institutions have begun to examine the creative 
aspects of research processes and the broader dissemination of their research 
results. …Yet despite formal artist-in-residency programmes, economic support, and 
countless collaborations and exhibition projects, it remains unclear how and on 
which terms—if any—art and science can be seen to cross-pollinate each other 
today. Which structural and methodological similarities and differences characterise 
the two disciplines? Why is an exchange between them relevant right now? Is it a 
dialogue between equals? And what role does financing and funding play in a 
relationship between what sceptics might call a mismatched couple? (“Art + Science 
– Towards a Third Culture?”)
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At the conference, these questions were explored in lectures and debates with 

leading experts in the field. A particularly noteworthy presentation was physicist 

and astronomer Roger Malina’s talk titled “Creating New Forms of Collaborations 

between the Arts and Sciences”. On behalf of the Sciences, Engineering, Arts, and 

Design Network (SEAD), he presented a meta analysis on the integration of art and 

science funded by the National Science Foundation. Malina observes:  

We noted for instance that there is a growing cohort of true hybrid professionals 
who have higher education in both a field of science or engineering and a field in art, 
design or humanities, and who have professional activities in both the arts and 
sciences. We also noted the growing number of PhD programs in art and science or 
art and technology, the growing number of both artist and scientist residencies 
programs. (Malina 2013, 6)  

 

In a particularly interesting statement, Malina said, “We do not argue for a third 

culture, but rather for a complex network that links different fields in different 

ways depending on the intentions, problems or areas of research” (2013, 6). 

Nevertheless, questions remain: How can art and science benefit each other? Is 

there agreement between artists and scientists on the understanding of 'aesthetics' 

and 'beauty'? What is the nature of creative thinking and creative aspects of 

research processes?  

 

A significant contribution to the popular debate over these questions was made by 

Arthur I. Miller, Emeritus Professor of History and Philosophy of Science at 

University College London. His ongoing research has been widely published in 

many critically acclaimed books, including Insights of Genius: Imagery and 

Creativity in Science and Art (1996), where he puts forward the “Network Model”, a 

model of how creative thinking is carried out; Einstein, Picasso: Space, Time and the 

Beauty That Causes Havoc (2002), nominated for a Pulitzer Prize; Empire of the 

Stars: Chandra, Eddington and the Quest for Black Holes (2005), shortlisted for the 

Aventis Prize; and 137: Jung, Pauli, and the Pursuit of a Scientific Obsession (2010), 

which covers a wide range of questions on the nature of creativity, both in art and 

science. Miller earned a PhD in Physics from MIT but then turned to cognitive 

science, while his involvement with scientific creativity led him to investigate such 

concepts as intuition, symmetry, and beauty. In his words, this work was 

influential in his studying the relationship between art and science, and between 

artistic and scientific creativity. On his website, he explains his interests:  
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The theory of elementary particles was my interest but, as always, my passion was 
the “What is the Nature of…” questions. So it was inevitable that I would change 
directions and take the leap into the history of ideas. Reading the original German-
language papers written by giants of twentieth-century physics – scientists such as 
Albert Einstein, Niels Bohr, Werner Heisenberg and Wolfgang Pauli – drove home to 
me the importance of visual thinking in highly creative research. I became interested 
in how visual images are constructed and stored in the mind and how they are 
accessed and then manipulated in thinking. (“Arthur I. Miller: Biography” 2017) 

His recent book Colliding Worlds: How Cutting-Edge Science Is Redefining 

Contemporary Art (2014) tells the story of how art, science and technology are 

fusing in the twenty-first century. To research this phenomenon, he interviewed 

leading figures in the field of contemporary art who are influenced by science and 

explored how scientific advances are shaping contemporary art. He explores the 

current era of digital contemporary art, where artists are using electronic media 

for a wide range of projects, from representing data sets aesthetically to using 

living matter to manipulate inert materials into new forms. 

The ‘colliding worlds’ phenomenon has generated much interest in the last few 

decades, which has led to the emergence of a number of Sci-Art projects and 

organisations such as MIT’s Media Lab,1 La Laboratoire in Paris,2 SymbioticA in 

Perth,3 Harvard University’s Initiative for Innovative Computing,4 the ArtSci Center 

in at the University of California, Los Angeles (UCLA),5 and Arts Catalyst6 in 

London. 

Such collaborative research spaces are placed in environments that unite 

previously incommensurable working spaces, such as the laboratory with the 

studio or gallery. These platforms are designing innovative projects that are 

1 The MIT Media Lab is “an interdisciplinary research laboratory at the Massachusetts Institute of Technology 
devoted to projects at the convergence of technology, multimedia, sciences, art and design” (“About the Lab” 
2017). 
2 Le Laboratoire is “a contemporary art and design centre where artists and designers experiment at frontiers 
of science” (“Le Laboratoire” 2017). 
3 SymbioticA is” the first research laboratory of its kind, enabling artists and researchers to engage in wet 
biology practices in a biological science department. It also hosts residents, workshops, exhibitions and 
symposiums. With an emphasis on experiential practice, SymbioticA encourages better understanding and 
articulation of cultural ideas around scientific knowledge and informed critique of the ethical and cultural 
issues of life manipulation” (“SymbioticA” 2017). 
4 The Initiative in Innovative Computing (IIC) is” a group of scientists from the Faculty of Arts and Sciences and 
the Medical School at Harvard in response to the solicitation for ideas made by the Task Force on Science and 
Technology, chaired by Provost Steve Hyman, in 2004” (“IIC Archive” 2014). 
5 The UCLA Art|Sci Center is” dedicated to pursuing and promoting the evolving “Third Culture” by facilitating 
the infinite potential of collaborations between (media) arts and (bio/nano) sciences” (“About Artsci” 2017). 
6 Arts Catalyst is “one of the UK’s most distinctive arts organisations, distinguished by ambitious art 
commissions and its unique take on art-science practice” (“About Arts Catalyst” 2017). 
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providing findings and new ways to communicate with audiences. They suggest 

that such collaborative experiences can be important in relation to communicating 

a broad spectrum of issues to the general public.  

 

2.2.1 The New Role of Photography in the Art of Science  

 

To evaluate the role that the visual plays in science-influenced art projects, it is 

important to examine different views on the aesthetic component of scientific 

imagery. While some critics believe that the realm of scientific imagery does not 

have a link to the realm of scientific reasoning, others believe that knowledge of 

reality can be broadened and deepened, and even transformed, by artists, 

musicians and poets.  

 

According to Kemp (2000), the processes of science and art share many aspects: 

observation, speculation, visualisation, exploration of analogy and metaphor, 

experimental testing, and the representation of these processes in particular styles. 

The visual very often has a central role in these shared features (Kemp 2000). 

Photography seems to epitomise the shared features of these two disciplines. In 

her article “Photography and the Art of Science”, the director of Photographic 

History Research Centre at De Montfort University, Kelley Wilder, provides a 

historical overview of the symbiotic relationship that photography and science has 

always had. She points out: 

In the art/science debates as they have run from the end of the nineteenth century 
and through the twentieth, it is remarkable how often photography was and is 
pressed into service to bridge the seemingly insurmountable gap between two 
apparently disparate fields, art and science. Both scientists and the public have for 
many decades ‘seen’ science through the prism of photography. Countless students 
have also studied art through that same prism. (Wilder 2009, 166) 

 

Wilder argues that despite photography being an imaging technique that serves 

various disciplines, “it is also a science in its own right, and an art in its own right, 

bringing its tally of identities to four” (2009, 166). She illustrates the increasing 

interest in such intersections that occurred in 1920s, writing, 

László Moholy-Nagy called on not only science and industry, but scientific and 
industrial photographs to inject meaning into contemporary art. Gyorgy Kepes 
continued this tradition, and it is common today not only to see scientific motifs in 
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contemporary photography but to see scientific photography as art photography. 
(Wilder 2009, 166) 

 

Gyorgy Kepes, who co-founded the Center for Advanced Visual Studies (CAVS) at 

MIT in 1967, believed in a relation between mathematical forms and the workings 

of the mind through Gestalt psychology. He taught at the Bauhaus and then at MIT 

where he was able to use advanced technological tools in his art practice, such as 

X-ray machines, sroboscopic photography, telescopes, sonar and radar graphing 

systems. In his book The New Landscape in Art and Science (1956), Kepes writes: 

As a painter, l need visual values that can bring into common focus the rich world of 
the unaided senses recorded in our artistic heritage and the new vistas of nature 
which have hardly yet reached our sensibilities. As a teacher, I need tools of 
communication in which rational analysis through intellectual concepts and 
emotional delight through perception of nature's configurations are fitting 
complementaries. (Kepes 1956, 17) 

 

Kepes claimed that symmetry, balance and rhythmic sequence express essential 

characteristics of natural phenomena: the interrelation of the order, the logic, and 

the living process. He mainly experimented with visual images by trying to fuse 

them with verbal communication in a common interrelated structure. He explains: 

Image-making is basic for art. It is basic for science, too, defining goals, delimiting 
fields for study and providing sense models which anticipate the corresponding 
scientific statements of order relations. On the image-making level, the difference 
between a pre-scientific and pre-artistic perception of order is a difference of 
attitude, an attention to structure, on the one hand, to the felt quality of experience, 
on the other. There is no need for these attitudes to exclude each other. Structures 
can be understood and qualities felt in a single, balanced perception of order, in an 
experience which has characteristics of scientific and artistic activity both. This 
balance is also possible on complex levels; one and the same set of created symbols 
can evoke an intense emotional response to the richness of its sensed patterns and 
convey an idea of logical structure. (Kepes 1956, 22) 

 

In his foreword to Kepes’s The New Landscape in Art and Science (1956), John E. 

Burchard, a Dean of the School of Humanities and Social Studies at MIT, highlights 

the various contributions that Kepes’s important work offers, the most important 

of which is understanding the visible forms in science and the creation of visual 

stimuli for architect students. He states: 

But there is perhaps another level in which the book may be still more important. 
Professor Gyorgy Kepes, and a few others like him (and they are not very many) are 
able in their own teaching to help a few students to see. These students, who are 
mostly going to become architects, must be able to see. But it will do neither them 
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nor us much good in the long run if most of us continue not to see, if we perpetuate 
the schism between the rational and the intuitive which is characteristic of our day. 
So I lay down this text and its visual stimuli with the hope that it may somehow be 
most effective in the way it encourages many of us, people who are in no sense 
professional artists, to keep our eyes open as we go through the world. (Burchard in 
Kepes 1956, 15) 

 

In his book Visualizations: The Nature Book of Art and Science (2000), Kemp 

assumes that the human ability to activate a system of gratification artificially is a 

component of intuition when applying aesthetic criteria such as symmetry and 

order. This ability, which has been cultivated in science no less than in art, may 

lead to the application of inappropriate 'aesthetic artefacts' in visual 

demonstrations of scientific investigations and undermine their objectiveness 

(Kemp 2000). 

At every stage in the process of the undertaking and broadcasting of the most 
committed kinds of science lie deep structures of intuition which often operate 
according to what can be described as aesthetic criteria. These may involve such 
things as the conducting of an ‘elegant experiment’, the formulation of a ‘pretty 
explanation’, the recognition of a ‘beautiful proof’. It also involves the ‘look’ of any 
visual demonstrations, even, if these, like the approved verbal modes, have in 
modern science become matters for abstinence from stylishness in the rhetoric of 
absolute objectivity. (Kemp 2000, 21) 

 

Special problems that are raised by the mere presence of visual elements in 

scientific images made by pictorial devices designed as scientific resources are 

addressed in an anthology of essays edited by Brian Baigrie, Picturing Knowledge: 

Historical and Philosophical Problems Concerning the Use of Art in Science (1996). 

Baigrie examines the philosophical and historical problems regarding the role of 

scientific illustration in scientific knowledge creation, distinguishing pictorial 

devices as resources for doing science and the special problems that are raised by 

the mere presence of visual elements in scientific treatises. Baigrie states that 

thinking, rather than visualising, is the traditional approach of scientific 

endeavours to find knowledge. Scientific illustrations here are considered as tools 

that assist as experiential/explanatory aids when reasoning breaks down. If not 

used in this sense, they  are more likely to be engaged as metaphors with no 

special visual content. Baigrie points out that: 

When symbols are integrated into the picture to label objects that are depicted, the 
line is drawing transformed into powerful epistemological vehicle – the simple 
caricature is changed to a map or a plan. (Baigrie 1996, 10) 
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Carlo and Stefano Greco (1987) believe that a scientific image appeals to audiences 

on a broader scale than information they contain and depends on viewers’ 

interpretation and that the reaction of viewers and their experience will direct the 

way an image is received. In their book titled Piercing the Surface: X Rays of Nature 

(1987), Greco and Greco assert that the images of the natural world made as a 

result of radiological studies they conduct may be perceived as scientific protocols 

and at the same time perceived as aesthetic narratives that hint at artistic, poetic, 

or even philosophical content. They argue that although the contribution of 

scientists and philosophers should not be overlooked, the X-ray photography 

interpreted by artists in case of radiology may offer aesthetic narratives for 

broadening our knowledge of nature (Greco and Greco 1987). 

An important historical review of photomicrography is provided in Jon Darius’s 

book titled Beyond Vision (1984), which reproduces one hundred photographs that 

have been selected for their historical significance as well as for their aesthetic 

appeal. Darius points out that the first photographs with scientific significance 

were taken by French bacteriologist Alfred Donné and his laboratory assistant 

Leon Foucault for an anatomical atlas and were printed in 1845. Donné was also 

the first to obtain what he called “photogenic images” of microscopic objects, going 

on to become Professor of Microscopy at the College de France in Paris. However, 

he claimed both scientific and pedagogic motives in his work:  

Before drawing conclusions from our observations, we shall let Nature reproduce 
herself; we shall fix her upon a daguerreotype plate with all her details and infinite 
nuances… We are determined to support each new observational fact on a rigorous 
representation safe from any illusion or preconceived ideas. (Donné in Darius 1984, 
22) 

Lewis Wolpert, Professor at the Royal Geographical Society, supports this idea, and 

states that since the society has developed a difference between science and art, 

which originally had similar roots, science provides the only correct explanation 

for any phenomenon:  

We should stop pretending that art and science are similar and instead rejoice in the 
different ways they enrich our culture…. To talk of progress in art makes no sense: 
there is change but not progress. Art is not constrained by reality. (Wolpert 2002, 1)  
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His point, however, is limited to the position someone can take about a 

phenomenon in a particular context. In his review of Ann Thomas’s Beauty of 

Another Order: Photography and Science (1997), Bettyann Holtzmann Kevles 

(1998) discusses the science–art relationship in photography and raises an 

important question about accounting for the experience of the viewer: 

The difference between science and art, suggests Ann Thomas, is intent. Artists look 
at the world around them for beauty and contradiction, as well as for signs of human 
experience, not for logical, measurable terms. Scientists, on the other hand, seek to 
alter our collective understanding by finding patterns that reveal the way nature 
works, using photographs as permanent records of their observations. But where 
does this leave the viewer? How should we classify an image that someone ignorant 
of the photographer’s intent simply finds beautiful? (Kevles 1998, 93) 

In line with Wilder, Thomas states that the combination of science and art might 

create something that is both science and art at the same time and also bring it 

onto another level altogether. The mid-nineteenth-century critic Francis Wey 

stated that photography could act as something of a bridge between science and 

art. Photography highlights the relationship between the two and helps to reunite 

them, making it possible to shape a single field just as the Ancient Greeks pictured 

science and art (Wey in Thomas 1997). 

A similar idea is expressed by Lewis R. Wolberg in the book Micro Art, Art Images 

in a Hidden World (1971) where he states that there is a perfect harmony between 

science and art which can lead to the same truth regardless of the means used for 

reaching the goal: science or art. He states:  

Through the combination of the microscope and photography it is possible to reveal 
the artistic beauty in life's eclectic complexity….The correspondence between 
images of art and science meets no difficulty. The thinking goes somewhat like this: 
what is revealed by science in the process of explicating laws is revealed by the 
artist through an intuition of these laws. (Wolberg 1971, 8) 

Today, many institutions and organisations host scientific photography and 

visualisation competitions (and associated exhibitions), which encourage scientists 

from different disciplines to contribute. The images are not only judged by 

professionals (scientists and photographers) but often the audience is also invited 

to evaluate the competing images. By doing so, all three groups apply their own 

aesthetic judgment criteria. This illustrates how scientific images can be evaluated 

from different contexts.  
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A few examples of such events include the annual The Art of Science exhibition at 

Princeton University (“Art of Science” 2017); the Art of Science Competition at the 

University of Bristol (“Art of Science Competition” 2017); the UNSW Science Photo 

Competition, University of New South Wales (“2016 UNSW Science Photo 

Competition” 2016); The art of research scientific image competition, Imperial 

College London (“About the Competition” 2016); the Art of Science Award, The 

Walter and Eliza Hall Institute (“Art of Science 2015” 2015); the Art of Science 

Image Contest, The Biophysical Society (“Art of Science Image Contest” 2017); the 

Visualization Challenge, National Science Foundation (“About Visualization 

Challenge” 2017); the Wellcome Image Awards, Wellcome Trust (“About the 

Wellcome Image Awards” 2017); Nikon’s Small World (“Small World 

Photomicrography Competition” 2017); The Royal Photographic Society 

International Images for Science (“About International Images for Science” missing 

2017); and the Eureka Prize for Science Photography, Australian National Museum 

(“2015 New Scientist Eureka Prize for Science Photography” 2017). 

This popular trend indicates the growing interest in the visual coalescing of science 

and art through photography, particularly through photomicrography. 

Nevertheless, the idea that the photographic scientific image can be artistic and 

that the arts can serve science and vice versa still generates skepticism, and the 

debate will surely continue. Regardless, it is obvious from the discussion in this 

sub-section that the arts have the potential to reveal important aspects of the 

complex world in their own way, which is complementary to what scientists do 

and may be useful for both disciplines.  

2.3 Image and New Media 

The application of advanced digital technologies to image making brought new 

ways of interacting with images, from standard animated GIF (Graphics 

Interchange Format) to visual computing science dealing with animation, 3D 

modelling, computer graphics, image processing, visualisation, virtual and 

augmented reality, including such aspects as pattern recognition, human computer 

interaction, digital libraries, and machine learning. There are many applications of 

advanced digital and computer techniques involved in different areas of human 

http://www.wehi.edu.au/news/illuminate-newsletter/december-2015/art-science-awards-announced
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activity from making effects in computer games to creating interactive weather 

maps and biomedicine analysis. 

Lev Manovich’s book The Language of New Media (2001) is pertinent to the 

exploration of a digital shift in my project. Manovich provides an important review 

of the roots of ‘new media’ influenced by synthesised media technologies (dealing 

with images, sounds and text) and computing. In the section “Media and 

Computation,” he points out that 

new media represents a convergence of two separate historical trajectories: 
computing and media technologies. Both begin in the 1830s with Babbage's 
Analytical Engine and Daguerre's daguerreotype. Eventually, in the middle of the 
twentieth century, a modern digital computer is developed to perform calculations 
on numerical data more efficiently; it takes over from numerous mechanical 
tabulators and calculators already widely employed by companies and governments 
since the turn of the century. In parallel, we witness the rise of modern media 
technologies which allow the storage of images, image sequences, sounds and text 
using different material forms: a photographic plate, a film stock, a gramophone 
record, etc. The synthesis of these two histories? The translation of all existing 
media into numerical data accessible for computers. The result is new media: 
graphics, moving images, sounds, shapes, spaces and text which become 
computable, i.e. simply another set of computer data. (Manovich 2001, 20) 

Exploring the idea of 'interactivity' for my project, I looked for a method that 

allows viewers to interact with photographs by altering the work’s visual content. 

Utilising the programming language Processing,7 I developed an algorithm which 

allows viewers to physically interact with my photomicrographs so that they 

become direct objects of manipulation. Using the random human touch of some 

areas of the developed algorithm alters the static image, which in some senses 

visually represents non-visual elements: scientific data. 

In his book A Philosophy of Computer Art (2009), Lopes argues that digital art can 

be considered as art because it can make objects of appreciation, similar to what 

traditional art can do. He explains that some works made by the digital process 

make a difference to appreciation because technologies used in the making of a 

work of art may or may not be relevant to appreciation. However, considering 

modern technologies as a form of media, the same as traditional media such as 

7 Processing is a programming language that has expanded into the development environment and the online 
community. It is a complex platform that has been promoting software literacy within the visual arts and 
technology since 2001 (“Processing” 2017). 
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sculpture or painting, it is possible to say that digital art media are technologies 

that figure in appreciation. However, as Lopes notes, digital art is not a new form of 

art. He explains: 

Digital photographs remediate film photographs, and digital music remediates 
traditional music. In other words, digital photographs belong to the same broad 
tradition as film photography, and likewise for the other digital art media, each of 
which belongs to a traditional art form. (Lopes 2009, 16) 

Nevertheless, this remediation is different from the process of remediation 

described by Jay David Bolter and Richard Grusin, who see the digital arts as 

borrowing from earlier art media, when “one medium is itself incorporated or 

represented in another medium” (Bolter and Grusin quoted in Lopes 2009, 16). 

What is particularly important for my project is that Lopes also suggests that to 

better understand computer art and the role of technology as an art medium, we 

need to rethink the ideas of 'inter-activity' and the 'user'. He explains: 

Spectators look, listen, read, and feel. They also interpret, and let their interpretation 
seep into their experience of the work. Since interpretation usually aims to put a 
work in the best possible light, evaluation comes in too. All these activities feed into 
the bigger task of appreciation, which is the characteristic task of any audience 
member. Why put audiences down as “passive” when appreciation can be so 
strenuous? 

Giving traditional art spectators their due still sets them apart from computer art 
users. Users do something that traditional art audiences don’t do. Through their 
actions, they generate displays of works. More importantly, they appreciate works 
by generating those displays. Traditional audiences experience, interpret, and 
typically evaluate works, but they don’t carry out these tasks by generating their 
displays. That power’s reserved to computer art users. (Lopes 2009, 77) 

Through my research, I have explored different digital tools and realised that 

creative coding suits my goals because this type of computer programming is 

designed to create something expressive instead of something functional. Using 

creative coding tool such as Processing, it is possible to create art installations, 

projections, sound art installations, and much more within the context of the visual 

arts. Before I started developing the code for my project, I explored different art 

practices that have used digital technologies, which will be briefly described below. 
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To illustrate the application of modern digital technologies to the photographic 

medium, it is worth mentioning cinemagraphs, the hybrid of photography and 

digital animation that gives the effect of the dynamic moment frozen in time. 

Technically, the cinemagraph is a short video that is played recurrently over a still 

image that lays underneath. The visual artist Kevin Burg and photographer Jamie 

Beck invented this method of making pictures in 2011.8 To make the video loop 

less visible, they suggest using a fade effect in video editing software. Since the first 

application of this technique for capturing live moments in the duo’s fashion 

photography, the format has evolved into an art form of its own, applicable to any 

genre (O'Connor 2017). 

To explore Manovich’s observation on the development of historically separated 

trajectories of computing and digital technologies, I took a closer look at artistic 

practices that use computer software. For example, using OpenFrameworks, Greek 

digital artist and electrical engineer Petros Vrellis transformed the classic Vincent 

van Gogh post-impressionist painting Starry Night into an interactive, playful piece 

of digital art (2012). Swirling patterns of colour can be experienced in motion 

because a touch-sensitive interface alters the image, animating the painting. When 

patterns are left untouched, the image returns to its original state (Vrellis 2012).9 

According to Bolter and Grusin (2000), new visual media is trying to achieve 

cultural significance by refashioning earlier media (similar to photography, which 

remediated painting, or movies, which remediated photographs), and the example 

of Vrellis’s work illustrates such ‘remediation’ or ‘borrowing’. 

teamLab, a group of artists, engineers, and computer scientists working at the 

intersection of contemporary art, engineering, and computer science, believe that 

the capacities of art can be expanded when transmigrated in the digital domain. On 

teamLab’s website, the group state that 

Digital technology enables complex detail and freedom for change. Before people 
started accepting digital technology, information and artistic expression had to be 
presented in some physical form. Creative expression has existed through static 
media for most of human history, often using physical objects such as canvas and 

8 Burg and Beck’s cinemagraphs can be found on the artists’ website (“Cinemagraphs” 2017). 
9
 The video of this interactive art installation can be found on the artist’s website (“Petros Vrellis” 2017). 
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paint. The advent of digital technology allows human expression to become free 
from these physical constraints, enabling it to exist independently and evolve freely. 

The characteristics of digital technology allow artworks to express the capacity for 
change much more freely. Viewers, in interaction with their environment, can 
instigate perpetual change in an artwork. Through an interactive relationship 
between the viewers and the artwork, viewers become an intrinsic part of that 
artwork. (“Digital Art” 2017) 

They emphasise the role of interactivity in digital art. Many of their artworks are 

created within the computer-generated space, and the physical human interaction 

with objects is calculated in real time, altering the space using a complex computer 

animation.10 

In line with these three described artistic practices, the media I use can be seen as 

a convergence of scientific imaging, modern digital technologies, and computing, 

which results in a unique composition. For my interactive installations, I use static 

SEM-generated photomicrographs of water, then apply a digital code which allows 

the image to be altered by the audience’s interaction with its touch-sensitive 

interface. Thus, anyone who touches the screen can create, display and experience 

a ripple effect, which is very similar to the effect we can see and observe when we 

interact with the surface of water by touching or disturbing it. When SEM-

generated photomicrographs and their interactive presentation modes are 

evaluated by the audience, they interpret scientific data and its visual 

representations in an artistic context, which is what my artistic practice aims to do.

2.4 Visual Context Survey: The Art of Photomicrography and 

Photomicrography as Art 

One can see the leanings towards science in the earliest examples of 

photomicrography. Here, it is important to distinguish between photomicrography 

(the photographic enlargement of microscopic objects) and microphotography 

(the microscopic reduction of photographic images) (Darius 1984). 

The date of the first photomicrograph is contested. In around 1837, William Henry 

Fox Talbot used the calotype process in conjunction with the solar microscope to 

10
 Videos of teamLab’s projects can be found on its website (“Digital Art” 2017). 
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produce an image. In 1839, Joseph Bancroft Reade made and sold a “solar 

mezzotint” of a flea. Talbot also claimed at one point to have started working with 

the solar microscope. He brought these images to perfection and exhibited 

“photogenic drawings” at the Royal Institution in January 1839 (Darius 1984), 

where he included solar micrographs of wood-shavings and an insect’s wing 

(Figure 1). 

Figure 1. 
William Henry Fox Talbot, 
Calotype Photomicrograph of 
Two Lantern–Fly Wings, 
1840 

Good examples of early 

artistic photographs created with the scientific purposes of their author are those 

by Karl Blossfeldt. He did not position himself as a photographer and used 

photography to create scientific protocols of plants which were his lifelong 

interest. Blossfeldt used his homemade camera to capture plant forms in a highly 

composed manner, and then used these photographs as teaching aids in drawing 

classes at Berlin College of Art. Blossfeldt photographed plant forms in 

standardised types: geometrical forms, structures and grey tones. His selection of 

plants is related to ‘classical’ Greek ideal forms (Adam 1999). Due to their graphic 
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character and composition, they can be interpreted as scientifically valuable as 

well as aesthetically pleasing (Figure 2).  

Figure 2. 
Karl 
Blossfeldt, 
Plate # 3: 
Equisetum 
Hiemale , 1928 

Working at the same time in the USA, Wilson A. Bentley was creating 

photomicrographs of snowflakes by connecting his camera to a microscope. These 

photographs allow us to see all the details of each snow crystal. Bentley began his 

snowflake photomicrographs in 1885, and amassed more than 5,000 overall 

(Figure 3).  
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Figure 3. Wilson A. Bentley, Photographs of Snow Crystals. Plate 1, 1902 

The method he describes allows us to define his picture-making activity (Figure 4) 

as a way to attain both high-quality scientific and aesthetic images:   

The apparatus required for snowflake photography consists of a compound 
microscope, fitted with a joint that permits the instrument to be turned down 
horizontally, at right angles to its base, so that it can be coupled to a camera bellows 
by means of a light-tight connection. The microscope objectives are used alone, 
without the eyepiece. It is best to have several different objectives; 1/2, 3/4, and 3-
in. combinations, which give magnifications of from 8 to 60 diameters (64 to 3,600 
times), will serve well. (Bentley 1902, 309) 

Having recorded the fleeting substance of the snowflakes on the photographic 
negative and brought out the image by development, the photographer discovers 
that the body of the snow crystal is so transparent, that it does not contrast enough 
with its background to make a print in which the form will stand out in relief. There 
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is no purely photographic method for producing the white images against a dark 
background, and yet it is necessary to do so if the images are to be appreciated by 
most people, whose ideal of snow is that of immaculate whiteness. The only effective 
method of accomplishing this result is what is known among photographers as 
‘blocking out’. Blocking out the negatives is done indoors, instead of outdoors, which 
was thus taken to get sufficient light to allow the exposure to be made. (Bentley 
1902, 310, 312)  

Figure 4. Wilson A. 
Bentley, Blocking 
Out the Snow, 1902 

Works by László Moholy-Nagy, Albert Renger-Patzsch, and Jean Painlevé are all 

examples of how art, unlike science, seeks a symbolic (social or cultural) 

dimension in addition to knowledge of the physical world. 

Moholy-Nagy saw scientific images as being symbolic of human progress. In his 

article “Constructivism and the Proletariat” (“Konstruktivismus und Proletariat”), 

first published in the Hungarian magazine MA in May 1922, he wrote:  

The reality of our century is technology: the invention, construction and 
maintenance of machines. To be a user of machines is to be of the spirit of this 
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century. Machines have replaced the transcendental spiritualism of past eras. 
(Moholy-Nagy in Moholy-Nagy 1950, 19)  

His photographic style isolated material objects from environments in order to 

emphasise the camera’s capacity to accurately depict the detail of an object (Caton 

1984). By following this idea, my project aims to create water drop portraits which 

are isolated from their environment, both physically and metaphorically. 

Moholy-Nagy exposed a sheet of photographic paper with pieces of cut paper, and 

the result was an abstract composition of light and shadow that utilised neither 

camera nor negative film (Figure 5). In contrast to the impressionist perception, 

where things appear under the influence of changing illumination, his photograms 

are true manifestations of light. 

Figure 5. László Moholy–Nagy, 

Photogram, 1926 

Renger-Patzsch, a photographer and member of the Neue Sachlichkeit (New 

Objectivity)11 artist group, explored and expressed some important dualisms 

between appearances and reality, the material object and truth, and camera vision 

11 The Neue Sachlichkeit was a group of German artists in the 1920s whose works were executed in a realistic 
style (in contrast to the prevailing styles of Expressionism and Abstraction) and who reflected what was 
characterised as the resignation and cynicism of the post-World War I period in Germany. The term was 
fashioned in 1924 by Gustav F. Hartlaub, director of the Mannheim Kunsthall (“Neue Sachlichkeit” 2017). 
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and human vision. He has explored the camera’s ability to produce a faithful 

recording of the world and experimented with patterns and order in natural forms 

and man-made alike. The following example illustrates his work with a macro lens 

(Figures 6).  

 Figure 6.  
Albert Renger–Patzsch, 
Cactaceae Astrophytum,  
gelatin silver print, 1927 

In his work, Painlevé anthropomorphised unfamiliar images of micro and marine 

organisms obtained by new technology to suggest unconscious desires through the 

influence of Surrealism. Painlevé’s work is identified as belonging to scientific 

cinema. Throughout his career, he preferred the documentary genre and 

collaborated with directors such as Sergei Eisenstein, Luis Buñuel, Jean Vigo, Joris 

Ivens, Chris Marker, Jean-Luc Godard, and Jean Rouch (“Jean Painlevé” 2017). 

His photomicrographs are remarkable because they are technically perfect at 

different magnifications. Besides this, they are not strictly scientific pictures; they 

are expressive artworks of nature. His photographic series Diatomees (1968) 

preceding the film оf the same name released in 1974 looks more like an abstract 

photograph rather than a scientific photomicrograph (Figure 7).  
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Figure 7. Jean Painlevé, Diatomees, 1968 

My project is partly framed by the merging of the documentary approach and 

visual imagery found in Painlevé’s photographs in particular. 

However, the biggest inspiration for my project is the work of Kepes. Through the 

exploration of various scientific devices that are capable of producing scientific 

imagery, Kepes created, defined, and challenged the ‘scientific aesthetic'. For 

example, his work Dendritic Network (1962) (Figure 8) looks like an eye-pleasing 

composition, whereas it actually represents a complex bio- molecular system—

specifically, proteoglycans—in which a principal protein chain is joined by a 

plethora of polysaccharides.  

Figure 8. Gyorgy Kepes, Dendritic 
Network, 1962 

In his book The New Landscape in Art and 

Science, Kepes explores the number of images made by artists and by scientists for 

practical purposes that are nonetheless beautiful. Kepes does not claim that the 
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visual and verbal statements parallel one another in exact correspondence. He also 

acknowledges the limitations of such a presentation. However, he believed that 

they complement one another in an interwoven sequence (Kepes 1956). He states:  

The structure builds, then, as the observer proceeds from one experience to another, 
and finally a new aspect of perception is outlined. Scientific and artistic insight fuse, 
creating by their interplay a basic type of experience neither science nor art, but a 
comprehension that has both the character of information and the quality of poetic 
vision. (Kepes 1956, 17) 

Kepes emphasised the need to “map the world's new configurations with our 

senses” in the era of advanced technology, arguing:  

The new world has its own dimensions of light, colour, space, forms, textures, 
rhythms of sound and movement—a wealth of qualities and sensations to be 
apprehended and experienced. If we relate experience to experience, image to 
image, we can bring our environment into focus and become aware of the new order 
on the sensed and emotional levels rather than on the rational level alone. 
Reoriented, we shall then be in a position to cope with the new world of forms. 
(Kepes 1956, 19) 

He also explains: 

The obvious world that we know on the gross levels of sight, sound, taste and touch, 
can be connected with the subtle world revealed by our scientific instruments and 
devices. Seen together, aerial maps of river estuaries and road systems, feathers, 
fern leaves, branching blood vessels, nerve ganglia, electron micrographs of crystals 
and the treelike patterns of electrical discharge-figures are connected, although they 
are vastly different in place, origin and scale. Their similarity of form is by no means 
accidental. As patterns of energy-gathering and energy-distribution, they are similar 
graphs generated by similar processes. (Kepes 1956, 260) 

My project is informed by Kepes’s suggestion to compare landscape photographs, 

photomicrographs, and aerial photographs. Some examples of photographic 

images below explore the analogy of forms and structures made by the different 

scientific devices. According to Kepes, the comparison of such images is useful in 

an attempt to find the common principles of the existence of visual analogies and 

to enhance our vision of reality (Figures 9–15). 
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Figure 9. Irving Widmer Bailey, Cleared 
Leaf, n.d., photomicrograph   

Figure 10. Edward Weston, Boreggo 
Desert, 1938  

 
 
 

 
  

 

 
 

 
 
 
 
 
 
 

Figure 11. U.S. Air Force,  
Water Filled Volcano Crater 15,000 
feet  
above Onnekotan Island, n.d., 
aerial photograph  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12.  
D. W. Fawcett, Fallopian Tube, Cross 
Section, n.d., photomicrograph  

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13. John L. Brown, L.A.Woodward, 
Structureof Gold–Indium Film, n.d. 
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Figure 14. Don Wayne 
Fawcett, 
Vascular System(dyed) of Yolk 
Sac of Shark Embryo, n.d., 
photomicrograph 

Figure 15. U.S. Air Force, Mud Plats at Low 
Tide, Near St. Brieuc, France, n.d., 
aerial photograph 

In his foreword to The New Landscape in Art and Science, Burchard wrote: 

The repetition of forms in little things and in big, in slow-moving things and in fast, a 
unity of nature that is sometimes hard to understand as we look at an expansive 
natural landscape. There is a level of suggestion of the essential unity of science and 
the arts, subtle, perhaps, but there. (Burchard 1956, 14) 

Interestingly, two years after Kepes’s work was published in the US, an exhibition 

entitled Kunst und Naturform (Form in Art and Nature) was organised at the 

Kunsthalle in Basel, Switzerland, by Gottfried Honegger in collaboration with 

Arnold Rudlinger (a curator at the Kunsthalle), and Robert Schenk. It was 

organised for the occasion of the two hundredth anniversary of the firm J. R. Geigy 

S.A., a company manufacturing dyestuffs. The rationale of the exhibition was to

highlight the correspondence between the forms seen in non-representational art 

and those observed by the scientist under the microscope (Jäggi in Schenk and 

Schmidt 1967). It was especially interesting because the exhibition united the 

works of many contemporary artists of that time, such as Cezanne, Picasso, 

Mondrian, Matisse, Kandinsky, Klee, and Pollock, with photomicrographs of 

different matter.  

While neither Kepes nor Burchard claimed parallels between images that appeared 

The New Landscape in Art and Science and were aware of a critical view of any 
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possible ‘correspondence’ between them, Willy Jäggi (Swiss critic and publisher), 

in his foreword for the exhibition catalogue Form in Art and Nature (first published 

in 1958), courageously stated: 

A selection of paintings and sculptures in various abstract styles were accordingly 
shown alongside a selection of corresponding photomicrographs. Many people thus 
for the first time became conscious that the forms used by artists who had 
apparently turned their backs on nature were in fact to be found in nature itself. 
(Jäggi 1967, 8) 

The exhibition was not arranged in a historical or other systematic order. Rather, it 

was divided into the following five groups of ‘parallels’, linking artworks and 

photomicrographs:  

1. Analytical (geometric, stereometric): Paul Cezanne, Cubist artists Georges

Braque, Pablo Picasso and their successors Pablo Palazuelo, Vieira da Silva, and 

Gottfried Honegger 

2. Geometric two- and three-dimensional constructivism: Piet Mondrian, Robert

Delaunay, Sophie Taeuber, Richard P. Lohse, Camille Graeser, Max Bill, and Serge 

Poliakoff 

3. Spatial penetration of lines, surfaces and colours: Walter Bodmer, Maurice

Esteve, Jean Bazaine, Afro Basaldella, Jean-Paul Riopelle, Mark Tobey, and Lenz 

Klotz 

4. Organic growth forms: Henry Matisse, Wassily Kandinsky, Paul Klee, Hans Arp,

and Max Bill 

5. Non-representational painters: Augusto Giacometti, Wols (Alfred Otto Wolfgang

Schulze), Georges Mathieu, Jackson Pollock, Piero Dorazio, Clyfford Still, and Sam 

Francis 

A fundamental aim of the exhibition was to link representational artistic 

interpretations of visible objective reality with the reality that is invisible to the 

naked eye and to show their resemblances. For this purpose, the artworks were 

grouped in pairs without any system except for the visual similarity. In a 

subsequent edition of the accompanying publication, Georg Schmidt explained the 

reason for such design.  
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It matters not what meaning underlies this parallel between the results of the 
experimental work of modern art and modern science: the parallel itself is an 
indubitable fact, and surprising enough as such. (Schmidt 1967, 29) 

The sets of such parallels are illustrated below (Figures 16–35). 

Figure 16. E. Hugentobler, Oxidised copper 
surface,replica process, carbon film, n.d., 
electron micrograph 

Figure 17. Pablo Palazuelo, Pselle, 1955 

Figure 18. 
I.M. Dawson, V. Vand, N–Hexatriacontane
Crystal, Showing Clockwise Spiral
Growth, n.d., electron micrograph

Figure 19. Gottfried Honegger, 
Composition, 1958 

Figure 20. Robert Schenk, 
Vitamin C Crystals, n.d., 
photomicrograph 

Figure 21. Robert Delaunay, Formes 
Circulaires, 1914
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Figure 22. Gabriele Mohr, Copper–
Aluminium Alloy, Texture of Casting:  
Ground and Polished, Etched with Ferric 
Nitrate, n.d., photomicrograph  

Figure 23. Piet Mondrian, Composition No 
7, 1914 

Figure 24. W. Villinger, Rubber Latex, 
Metal Shadowing, n.d., electron 
micrograph 

Figure 25. Sophie Tauber, Cercles 
Mouvementes, 1934 
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Figure 26. Carl Stüwe, Shell of a 
Marine Isopod, 1955 

Figure 27. Serge Poliakoff, Composition au 
fond vert, 1954 

Figure 28. 
Robert Schenk, Nasal Conchae of a Dog, 
Section, Azan staining, n.d., 
photomicrograph 

Figure 29. Wassily Kandinsky, Formes 
Capricieuses, 1937 
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Figure 30. Robert Schenk, Motor Cell 
from Human Anterior Spinal cord, n.d., 
photomicrograph 

Figure 31. Hans Arp, Konflguration. 
Semaltes Holzrelief, 1928 

Figure 32. Carl Stüwe, Trabeculae of 
the Human Tibia, 1955 

Figure 33. Max Bill,  Rhythmus im Raum, 
1947–48 
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Figure 34. Robert Schenk, Glia 
Cells of the Human Cerebral 
Cortex;n.d., photomicrograph 

 Figure 35. Jackson Pollock, Cathedral, 1947 

From studying these two books I found that the same electron photomicrograph of 

an n-Hexatriacontane crystal is presented in both The New Landscape in Art and 

Science and the Form in Art and Nature (Figures 36, 37). In the first case (Figure 

36), there is an attempt made to correspond different forms and patterns at 

different scales to underline laws that operate at different levels and to bring 

previously isolated experiences of the advanced scientific investigation about the 

world to a general audience (Kepes 1958, 105). 
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Figure 36. Pages 154–155, Book Titled The New Landscape in Art and Science (1956) 
  

In the second case (Figure 37), the relationship between two images is formed by 

the visual analogy between the analytical, geometric structure of the crystal with 

Gottfried Honegger’s Cubist painting.  

 

Figure 37. Pages 66–67, Book Titled Form in Art and Nature (1967) 

I realised this correspondence was interesting because both Kepes’s publication in 

1956 and the exhibition in Kunsthalle in 1958 illustrate what artists, scientists and 
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educators have attempted to explore—visual parallels of scientific imagery, art, 

nature, and existence through interpreting the meaning of scientific images placed 

in an artistic or a creative thinking context.  

Today, the practice of artistic and creative use of scientific imaging tools—and 

microscopes, in particular—is fairly mainstream in science and art. A number of 

contemporary artists work in the field of scientific imaging and photomicrography, 

which allows them to create records of nature through an unfamiliar way of 

presenting. Breger, one of the pioneers of using the SEM as an artistic medium, 

describes herself as being both a scientist and an artist. In a statement on her 

website, she writes: 

In using a research laboratory's high-tech visualizing instrument to produce 
revelatory—and relevant—art, my goal is to offer arresting pictures of the 
microworld that inspire a sense of wonder at its elegance, astonishment at its 
diversity, and delight in the stories it has to tell. I feel that my images must not only 
stir the imagination with visual impact, but represent the best in technical operation 
of the microscope and subsequent graphic enhancement of the original raw 
monochromatic micrographs. As a scientist grounded in the disciplines of research, I 
seek to maintain the integrity—the truth—of the specimens. As an artist, I want my 
images to speak to the viewer's heart. (“Breger: Artist's Statement” 2016) 

Breger’s book Journeys in Microspace (1995) provides a collection of nearly two 

hundred images presenting microscopic structures. Many of the photomicrographs 

included in her book were made during various scientific research projects in the 

laboratory of Lomond Doherty Earth Observatory (Columbia University, USA). It is 

crucial for my investigation that the approach taken is artistic and aesthetic rather 

than purely scientific. Breger articulates: 

Although the SEM is dedicated to experimental investigation, images of arresting 
intimacy and beauty are often revealed in the course of exploring the subject of 
research. Scientists may appreciate the aesthetics of the samples, but they don’t 
have the luxury of stopping to marvel while they work. (Breger 1995, 8) 

She also argues that: “Since most of the microworld is still unexplored, SEM 

investigations can lead us into new areas of research by revealing structures that 

imply hitherto unsuspected natural processes” (Breger 1995, 13). 

Contemporary practitioners Claudia Fährenkemper, Felice Frankel, and Martin 

Oeggerli all use microscopes in their work. They are all very different in their 
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vision and purpose of using scientific devices as artistic tools. Fährenkemper is an 

artist; Frankel explores the educational potential of representing scientific images 

artistically; and Oeggerli is a science photographer who focuses on attaining 

technical perfection in his photomicrographs. But what they all have in common is 

that their interpretations of reality through the microscopes are not accurate 

records of subjects they explore. They apply different aesthetic criteria to their 

photomicrographs and manipulate images, both manually and digitally, to reach 

their goals. 

Fährenkemper works with the SEM. Her vision would appear to be close to Max 

Ernst’s Surrealist sense of the microcosm in its creation of a parallel world of 

previously unimagined shapes and forms. Fährenkemper’s works are made by 

combining the techniques of digital and traditional photography and printing out 

the results on film. In her series Planktos (2005), included in the exhibition titled 

Forms of Life (2005) in Ernst Haeckel Haus, Jena, Fährenkemper presents black-

and-white photographs that reference the work of Ernst Haeckel. Drawing on 

Haeckel’s illustrations of marine life in his book Kunstformen der Natur (1899), 

Fährenkemper has developed this into a new series with plankton. In contrast to 

the Art Nouveau style of Haeckel’s natural forms, Fährenkemper focuses on clarity 

and reduces the severity of a presentation of selected forms of plankton and tries 

to find a pattern into account the diversity of life with the help of the SEM (Thomas 

in Fährenkemper and Stahl 2004, 92–100) (Figure 38).  
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Figure 38. Claudia Fährenkemper, Plankton, Edition of 8, 2005, silver gelatine print 
on barytpapier, 25 cm x 20 cm 

Frankel is a Senior Research Fellow at Harvard and a research scientist at MIT. In 

an interview published in the New York Times (Dean 2007), Frankel claims that 

pictures help to do science by encouraging thinking. She believes that “creating 

visuals for the purpose of explanation should be part of the education agenda” 

(“About Felice Frankel” 2016). She states: “To me the idea is to engage somebody 

to look at something, and they don’t even know it’s science” (Dean 2007). Her 

approach owes much to Kepes, who wrote in Language of Vision (1995): “Plastic 

arts, the optimum forms of vision, are, therefore, an invaluable educational 

medium” (Kepes 1995, 13). 
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In her photomicrographs, Frankel actively manipulates images using digital tools. 

Such manipulations range from erasing unnecessary elements to adding colours to 

images where colours cannot be reproduced by the device. Her work 

Morphobutterfly Wing shows the detail of a wing at different magnifications 

(Figure 39). The first image from left to right is the wing captured on film with a 

35-mm camera and a 105-mm macro lens. This photograph is accompanied by

digitally coloured SEM photographs of the same wing at approximately 200 µm 

and 60 µm. Frankel digitally adds similar blue hues to SEM photographs of the 

wing to unite the triptych by colour. 

Figure 39. Felice Frankel, Morphobutterfly Wing, n.d. 

Another example of Frankel’s work can be found as an installation in the building 

of the Biomedical Engineering (BME) department, Washington University, in St 

Louis (Figure 40). In this series of images, she explores how different visual 

settings of the representation of the same subject can help to see the complicated 

nature of the subject as a whole. 
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 Figure 40. Felice Frankel, Middle Floor, 2003 

Oeggerli, who operates under the name Micronaut, believes that collecting, 

analysing, and combining the details and richness of shapes help us to understand 

life and existence. Oeggerli's works, which are all handmade with impeccable 

details (“The full story about Micronaut” 2017), are colourful and someone could 

easily assume that they are real colours of presented objects. However, as 

mentioned above, colours cannot be reproduced by the SEM. In Under the 

Microscope, the authors explain: 

Electron micrographs are always originally monochromatic. Unlike photons of 
visible light, electrons do not 'carry' colour and therefore can tell us nothing about a 
specimen's coloration. But electron micrographs can be artiificially coloured by 
computer, photographic, or hand-tinting techniques. Such 'false colour' can make it 
easier to distinguish particular structures in a specimen, but it is usually added for 
aesthetic effect and it need bear litlle or no relation to the natural colour of the 
object or organism portrayed. (Burgess and Marten et al. 1987, 11) 

Oeggerli is one artist who uses digital colourisation methods for images made by 

the SEM. He modifies his objects with the help of a meticulous digital colouration 

technique to make the original monochromatic image reflective of the colours seen 

in nature (Figure 41).  
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Figure 41. Martin Oeggerli, Rust Fungus Spores – II, n.d.  

Another example of Oeggerli changing the context in his work is found in a series 

of pollen images, Polliversum (Figure 42.) Oeggerli notes that the magnification of 

each sample is variable, but in the image, they look approximately the same size, so 

the viewer fallaciously perceives them as a real ratio of their sizes in nature. 

Additionally, Oeggerli digitally adds mirror reflections to each sample, which 

makes the viewer think that the three-dimensionality of each object is revealed by 

light, which is only a visual illusion. It is possible to say that he changes the 

scientific meaning of these images; thus, they can be differently interpreted after 

these manipulations. These applied operations make this SEM photomicrograph 

artistic and aesthetically pleasing. While the samples in this image can be very 

useful visualisations of pollen for scientific and didactic purposes, they are unlikely 

to have any relevance to reality after all of Oeggerli’s manipulations.  
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Figure 42. Martin Oeggerli, Polliversum, n.d. 

To conclude, this chapter has presented works by practitioners using scientific 

imagery in an artistic context. I have considered the broad spectrum of possible 

implications of the ambiguity of scientific photography, and photomicrography in 

particular. My doctoral project seeks to expand this understanding with a 

particular insight into the special challenges of working with visual ambiguity in 

the images made by the SEM. 
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Chapter 3: Methodology and Research Process 

3.1 Scientific Imaging Using the Scanning Electron Microscope 

In this sub-section, I present the methodology and a detailed explanation of the 

principles of working with the SEM. Apart from examining technical issues related 

to the image creation utilising the SEM, I also discuss the ambiguous nature of 

imagery produced by this apparatus. 

SEM work is based on the very precise scanning of the surfaces of objects using an 

electron beam that provides a deep focus effect. In most applications, areas ranging 

from approximately 1 cm to 5 microns in width can be imaged in a scanning mode 

using conventional SEM techniques with magnification ranging from 20X to 

approximately 30,000X and spatial resolution of 50 to 100 nm (Swapp 2017). 

In the SEM, electrons from the electron gun are focused to a fine point on the 

specimen’s surface by means of a lens system. This point is scanned across the 

specimen under the control of currents in the scan coils situated within the final 

lens. Secondary electrons are emitted from the specimen surface and are attracted 

to the detector. The detector relays signals to an electronic console, and the image 

appears on a screen (Burgess et al. 1987, 197). The brightness of the surface brings 

the plasticity and three-dimensionality effect to the pictures. Adjustments can be 

made to the images by rotating and tilting the sample plate for details. Colours 

cannot be reproduced.  

Technically, the SEM produces electron micrographs because the image is 

developed by either secondary electrons (electrons ejected from the material by 

the incoming electron beam) or backscattered electrons (electrons from the 

electron beam, which have ‘bounced’ off the material into the detector). Breger 

explains: 

Scanning electron microscopes don’t merely use electron beams to illuminate 
objects so small they can’t be seen by light. Since they are electronic devices, SEMs 
can manipulate isolated groups of electrons from the sample-beam interaction to 
create separate pictures (such as secondary and backscatter images) that contain 
different kinds of information about a single object. This variety can lead to a 
“compound reality” or, since no version tells the whole story, a kind of “ironic 
nonreality”. (1995, 11) 
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Images made by the SEM are beyond light because the process of producing a 

picture is camera-less; captured by a focused beam of electrons, they are not 

photographs. However, the most commonly used SEM electron detector, named 

Everhart-Thornley (E-T),12 typically uses a material that produces light when an 

electron collides with it—a scintillator.13 Therefore, the SEM does use photons, but 

they are converted back into electrons, which are accelerated onto the electrodes 

of the photomultiplier, producing an increasing stream of electrons until the final 

collector is reached (“Electron Detectors” 2017).  

The interpretation of imagery produced by the SEM is confusing because the 

microscopic sample seems as if it is illuminated by the detector and observed in 

the eye aperture. Despite the fact that light seems to come from a particular 

illuminant, the contrast actually depends on atomic weight, chemical surface 

properties, crystallographic properties, the microtopography of the sample, and 

the tilt of the plate, with a sample positioned to the electron beam that hits it. 

Structures that look bright are those that are protruding, while dark parts are 

those that are lying deeper. The SEM’s principal design is illustrated in Figure 43. 

Figure 43. Anastasia Tyurina, The SEM’s Principal Design, 2015 

12 "The E-T detector operates in the following manner: when an energetic electron (≈ 10 keV energy) strikes 
the scintillator material (S), light is emitted. Light is conducted by total internal reflection in a light guide (LG) 
(a solid plastic plastic or glass rod) to the photocatode of a photomultiplier photomultiplier (PM). At the 
photocatode, the photons are converted back into electrons, which are accelerated onto the successive 
electrodes of the photomultiplier, producing an ever-increasing cascade of electrons until the final collector is 
reached” (“Electron detectors” 2017). 

13 “A scintillator is a material that accepts incident high-energy electromagnetic or charged particle radiation 
and in turn uses that energy to fluoresce photons whose peak emission wavelength is longer than the 
wavelength of the incoming radiation.In the case of a SEM, the scintillator disc collects the secondary electrons 
that are produced as the electron beam scans the surface of the sample. These electrons are converted into 
photons which travel through the light pipe to the photomulitiplier tube (PMT) so that the signal may be 
amplified to the level required for viewing” (“Scintillators” 2017). 
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During the process of imaging microscopy, many problems may be encountered. 

For example, the image may go out of focus because of the high magnification and 

low image quality can appear due to voltage and current setting, incorrect contrast, 

astigmatism correction, specimen preparation process, positional relation between 

specimen and detector, etc.  

Some problems in electron microscopy could be encountered due to a mechanical 

vibration caused by the movement of a sample during the scanning by the electron 

beam. Some disturbances can be considered as ‘noise’ due to the instability of 

accelerating voltage, gun emission, discharge of detector, external stray magnetic 

field, burnt or dusty screen or charge-up of specimen surface. Incorrect results can 

be obtained due to the accumulating charge that appears due to four types of 

problems: 1) the artefact’s beam interaction; 2) stains14 (in Transmission Electron 

Microscopy (TEM); 3) the accumulation of positive and negative charge; and 4) 

spontaneous emission of electrons (Slayter and Slayter 1994).  

. 

Figure 44. Anastasia Tyurina,  Artifact on a Non–Covered Plate, 2015, photomicrograph 

14 Stains are coloured organic compounds used for staining microorganisms. One of the classes of stain is 
acidic dyes; they have negative charge and can tie to positively charged cell structures like some proteins 
(“Stains/ Dyes”). Negative staining using acidic dyes is a common technique for transmission electron 
microscopy (TEM) (Hazelton and Gelderblom 2003). 
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An observable example of the artefact’s beam interaction is the ‘fish-eye’ effect, 

where some areas look more zoomed in than other parts of the image. This is 

caused by charges accumulated on the surface of the sample due to ground noise 

(Figure 44). It is also possible to say that a SEM image does not represent a true 

mathematical projection of the object placed in the microscope chamber because 

of disturbing factors such as lens aberration, the scattering of electrons, 

defocusing, and many other issues described above.  

Echlin discusses the challenges of interpreting SEM images as pictures. He explains 

that in viewing these images, the human brain is processing something that is not a 

photograph as a photograph, and that there can be many pitfalls when a 

microscopist works without preparation or caution. Echlin explains that: 

interpretation may be difficult to achieve, accurately, because mental processes in 
our brain carry it out and our interpretations will, consciously or unconsciously, be 
subjected to various biases. It is suggested that this interpretative process is quite 
different from the way we have learnt to view the natural environment we live in, 
and the way we decode pictures and drawings to translate any narrative they may 
contain. In addition, the images we obtain by the SEM are always a 2-D counterpart 
that complements the 3-D objects. …. They are immediately familiar to us because, 
like the natural world we live in, they generally appear illuminated from above. This 
feature, paradoxically, makes it either very easy, or very difficult to interpret and the 
viewer must constantly remember that the image is 2-D and there really is no “up” 

and “down” or “in” and “out”. (2005, 1320–21) 

A good example of the challenges faced in interpreting such imagery is 

complications resulting from a bubble in a surface we are looking at; i.e., a thin film 

separated from the bulk with a void behind it and contained by it. At a low kV (low 

electron penetration distance), we would see the surface of the bubble. At a higher 

kV, we see the void beneath as the high kV renders the thin film transparent. 

Galison discusses that the removal of “unnecessary” information in scientific 

images can undermine the objectivity of scientific findings (Galison 1998). In SEM 

images, information such as dust, scratches and other ‘noise’ that is recorded along 

with the specimen can be removed from the image using basic methods of graphic 

software (e.g., Photoshop). Other concerns about mechanical objectivity in the 

representation by the SEM can be illustrated by some manipulations which can be 

carried out through adjusting the SEM and its in-built software settings.  
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The most illustrative manipulation in this case is changing the electrical 

stress/tension, which allows one to see the image with different stages of contrast 

and to make an accent at completely different levels of detail, which in turn affects 

the interpretation from picture to picture. The accumulation of a positive charge (a 

positive electric field on the sample surface) results in a reduced overall image 

contrast. Accumulation of a negative charge leads to the opposite result, with the 

image becoming brighter (Figures 45, 46). 

 

Scientific text information (meta data), including date, scale, evacuation mode and 

other details, is automatically generated by the software during the image 

production, which appears on the photomicrographs as a type of labelling. Erasing 

this text from the images removes them from scientific style identification and 

potentially opens them up to more intriguing interpretations (Figures 47, 48).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 45. Anastasia Tyurina, 10 kV Charge, 2015, photomicrograph 
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Figure 46. Anastasia Tyurina, 5 kV Charge, 2015, photomicrograph 

Figure 47. Anastasia Tyurina, Brown Lake, Photomicrograph With 
Automatically Embedded Text Information, 2015 
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Figure 48. Anastasia Tyurina, Brown Lake, Photomicrograph Without 
Automatically Embedded Text Information, 2015 

The SEM is capable of imparting its own traces by the specific way it produces an 

image and by its scientific text information incorporated with the image. These 

traces could be considered as a form of index, because they have physical and 

material connections to the SEM apparatus. Following the earlier discussion, the 

SEM can be seen to generate images: it doesn’t capture them. Interestingly, pixels 

constructed by a SEM device are already interpreted as a photograph even though 

the phenomenon they register may not be visual and hence require further 

interpretation by the scientist.  

The shape of an object we see in a photomicrograph is a kind of data that can be 

described scientifically. However, its potential for visual interpretation extends 

beyond scientific parameters. SEM images are meant to have value as objective 

scientific documentation, and many SEM images do indeed fulfil this expectation. 

However, it is important to remember that scientific observations are only 

objective scientific documentation if the observer has the capacity to ‘read’ them.  
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It is beyond the scope of this investigation to discuss whether or not SEM-made 

images can be considered as trustworthy and objective scientific documentation as 

it is a question that requires a deeper study of the philosophy and history of 

science and its pictorial representation. Instead, in this sub-section, I have 

attempted to describe the process of SEM image production and highlight and 

emphasise the artistic potential of SEM photographs. This is particularly 

interesting due to the sophisticated nature of the apparatus and the image-making 

process and hence the possibility of the resulting images to be interpreted in 

different ways. 

 

3.2 Sample Preparation Methods 

 

As mentioned in Chapter 1, different techniques of specimen preparation can affect 

an image of a sample and thus the interpretation of what is seen as a result of 

microscope work. There is no single ‘correct’ method of specimen preparation 

because different techniques provide different information for particular objects 

(Burgess et al. 1987). In this sub-section, I consider several different ways that can 

be equally appropriate for preparing a sample that will each yield a different image 

of it. The purpose of this discussion is to support the main argument of this 

exegesis: photomicrographs made by the SEM are subject for a variety of 

manipulations; therefore they can be artistically interpreted. 

 

3.2.1 Dehydration and Drying Methods 

 

SEMs are designed to operate at very high vacuums to avoid the entry of gas 

molecules that obstruct the electron beam performance and the electrons emitted 

from the sample, both secondary and backscattered. To avoid potential outgassing 

in a vacuum environment, only a dry sample free from any stains can be placed 

into the SEM chamber (“Biological Sample Preparation for the SEM” 2017). 

 

One method includes dehydrating a sample and then drying it either in air or by 

using liquid carbon dioxide—the latter process referred to as ‘critical point drying’ 

(CPD) (Burgess et al. 1987). CPD is preferable to drying in air because it helps to 

avoid shrinkage and damage of surface structures. Drying in air can lead to 
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deformations which may then be mistakenly interpreted as an inherent feature of 

the sample (“Biological Sample Preparation for the SEM” 2017). 

Another method of sample preparation is cryopreservation, a process that uses a 

mixture of liquid and solid nitrogen at about minus 200 degrees centigrade to 

freeze an object. During this process, the object does not deform because freezing 

is almost instantaneous. Among the advantages of this method are that the object 

becomes entirely dry and not distorted; however, the disadvantage is that the 

specimen is not stable and is not suitable for further use (Burgess et al. 1987). 

In my doctoral project, I have used neither CPD nor cryopreservation methods. 

This is because of several reasons. Firstly, in my case, compounds that remain after 

evaporation of a water drop are chemical solids and the sample does not require 

such thorough preparation because it does not outgas as much as organic 

substances do. Secondly, my research is not designed to be scientifically rigorous. 

Instead, my artistic practice can be seen as rejecting the traditional approach of 

minimising deformations and instead embraces experimentation that encourages 

the unexpected over the predictable. Thirdly, my samples were stable, which 

allowed me to experiment with different settings of the SEM and the gold coater 

(see 3.2.2) multiple times. And finally, preparing samples using the CPD or 

cryopreservation technique is a very costly and time-consuming process. It may 

take several days to produce a prepared specimen. This problem will be addressed 

later in the exegesis. 

The process of drying water samples also has some difficulties. Drying conditions 

such as drying time, temperature, and concentration of the substances in water are 

quite varied. The choice of substrate is of great importance, as the nature of its 

surface will affect results. My process was to place a water droplet from each 

sample on the surface of a clean glass slide and dry it out (Figure 49). This process 

took place in a room with a temperature of 23 degrees; samples were prepared at 

the same environmental conditions. Some of them were subjected to experiments 

with raising temperature, adding chemicals, evaporating and re-condensing, and 

even freezing.  
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Figure 49. Anastasia Tyurina, Water Drops on Glass Slides, 2015, digital photograph

At this stage, I noted visual transformations that began to appear during the 

evaporation process. I was able to find a clear trace configuration, which revealed 

differences from one sample to another depending on the different aquatic systems 

from which the samples were collected. I was critically aware that the chemical 

composition of samples from the same aquifer may also vary, and therefore I 

discuss the data collection methods used in the field work undertaken for the main 

project in detail in section 4.1. 

3.2.2 Gold Sputter Coating 

To achieve an adequate emission of secondary electrons from materials and 

prevent the accumulation of electric charge, the sample needs to be covered with a 

thin layer of gold or gold-palladium alloy before being placed into the microscope 

chamber. This is the standard technique used for sample preparation (Burgess et 

al. 1987). In my case, I used gold. Technically, this process is called gold sputter 

coating. Samples are covered by gold for different lengths of time, thus the coating 

can be optimised to give the best results. The process of coating is described in the 

technical appendix of the book Under the Microscope, which details that 

In order to produce a clear image, specimens for the SEM are usually coated with a 
metal such as gold to increase their ability to reflect electrons and their electrical 
conductivity. The specimen is in a vacuum chamber containing argon gas at low 
pressure. A flat plate of pure gold is positioned a few centimeters above the 
specimen, and a voltage of about 1000 volts is applied between it and gold plate. As 
a result, the gas ionizes, and argon ions strike the gold plate so forcefully that gold 
atoms are ionized and dislodged from it. These gold ions then stream downwards 
and form a uniform layer on the surface of the specimen. (Burgess et al. 1987, 9) 
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I varied the coating time from 1 to 6 minutes to see the effect on the images. Gold 

covering, in my case, was a direct influence on quality image: the less time it was 

covered, then the more highlighted areas could be seen as a result of electron 

attack. The documentation of the coating process is shown below. The bright glow 

seen in Figure 50 is an ion plasma. Its shape is controlled by a circular magnet 

around the gold plate at the open top of the right picture. 

Figure 50. Anastasia Tyurina, Gold Covering Process, 2015, digital photograph 

3.3 Drop Evaporation Technique 

This sub-section considers the drop evaporation technique, the so-called ‘Coffee 

Ring Effect’. The evaporation of droplets of different suspensions can demonstrate 

the phenomena of the self-organisation of compounds dissolved in fluids; and 

SEM-made photographs of such features are capable of visually representing water 

composition. After exploring this phenomenon, I employed it in my artistic 

practice. 

For my research, I used the process of evaporation as an unusual method of 

visually presenting the composition of water. Water composition is complex and 

diverse because water is constantly in contact with different kinds of chemical 

compounds. During experiments for my project, the structure of the water 
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impurities visually transformed, leading to a unique connection between the 

processes of evaporation and solidification. These two processes are shown below 

(Figure 51). 

Figure 51. Anastasia Tyurina,  Drop Evaporation and Solidification Scheme, 2015 

This natural process of drying reveals the unique informative capacity of droplets 

through the shapes, patterns, details, and characteristics resulting from each water 

sample.  

3.3.1 Drop Evaporation Effect 

The drop evaporation phenomenon, the so-called ‘Coffee Ring Effect’, has been the 

subject of studies in the last few decades. It was first mathematically described by 

Robert D. Deegan in 1997 as a natural model for studying the dynamics of self-

organising processes and is actively used in physical experiments (Yakhno et al. 

2005). When the liquid is ‘pinned’ to its contact surface, the liquid evaporating at 

the exterior edge is replenished by the constant flow of liquid from the interior to 

the periphery. This flow carries nearly all dissolved solids towards the edge 

(Deegan et al. 1997). 
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At the Chicago Materials Research Center at the University of Chicago, scientists 

are exploring the driving mechanism responsible for this phenomenon that is 

found in all sorts of liquids. This research validated my process of exploring 

variations in water composition for my project. On its webpage, the Center states: 

We have determined that ring formation is a ubiquitous and robust phenomenon. It 
doesn't depend on the solute, the solvent, or the substrate so long as the solvent is 
partially wetting and volatile, and the contact line is pinned. (“The Coffee Ring 
Effect” 2017) 

An interesting observation made by the researchers is that “By controlling the 

speed and spatial variation of the evaporation, this model predicts that we can 

control the shape and thickness of the deposit” (Deegan et al. 1997, 829). This was 

particularly important for my practice because it meant that experimenting with 

various modes of evaporation could lead to different visual formations of the drops 

after they dry. 

The evaporation of droplets of different suspensions often leads to the formation 

of complex structures, such as rings, fractals, hexagons, among others 

(Kokornaczyk et al. 2011). Numerous studies report the application of the droplet 

evaporation method as a diagnostic tool for all sorts of scientific purposes: 

A phenomenon of self-organization of particles suspended in fluids into nano- and 
microstructures during droplet evaporation and is studied by researchers working 
in different fields of science such as the deposition of DNA/RNA6 microarrays, 
protein microarrays, DNA molecule stretching, drug discovery, inkjet printing, and 
manufacture of novel electronic and optical materials, including thin films and 
coatings. There are also studies reporting the application of the droplet evaporation 
method as a diagnostic tool for medical purposes. It was possible to show that the 
droplets of biological fluids created different patterns depending on the patient’s 
state of health and allowed the diagnosis of several disorders. (Kokornaczyk et al. 
2011, 1713) 

For example, medical researchers Savina (1999), Shabalin and Shatokhina (2001), 

and Rapis (2002) have shown that microscopic structures in dried drops of 

biological fluids create different patterns depending on the patient’s state of health, 

which allows for the diagnosis of several disorders (Yakhno et al. 2015). 

The morphological features of dried drops, which demonstrate the phenomena of 

the self-organisation of particles suspended in fluids, are presented in the table 

below (Figure 52).  
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Figure 52. Tatiana A. Yakhno et al., The Morphological Features of Dried Drops of Serum 
inNorm and Different Diseases or Physiological States,Five Patients for Each State: (a) Is 
Control; (b) Is Breast Cancer; (c) Is Lung Cancer; (d) Is Paraproteinema; (e) Is in–Time 
Delivery; (f) Is Premature Delivery; (g) Is Threatened Abortion (Premature Delivery) in 
Different Periods of Gestation; (h) Is Hepatitis, 2005 

Considering the results of the research cited above, it can be argued that factors 

such as liquid composition and structure, wetting ability, liquid thermal 

conductivities ratio, substrate roughness, and initial level of pH and salinity are 

related to such characteristics as drop shape, surface thermocapillary flows, 

redistribution of the chemicals in accordance with their surface and diffusive 

properties, total evaporation intensity, and diffusion capacity. Thus, if the 

environmental conditions, drop volume, and substrate are standardised, all the 

processes in the drying drops can be defined solely by liquid composition and 

structure (Yakhno et al. 2015) 

All the research mentioned above uses digital cameras that are attached or built 

into the optical microscope apparatus used in their investigation. Such cameras are 

optical tools. By contrast, during experiments for my project, desiccated drops of 

water were bombarded by secondary electrons used by the SEM to generate 

images; hence, this provides a visual effect which is different from established uses 

of optical documentation. As was discussed in sub-sections 3.1 and 3.2, the visual 
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representation of specimen features largely depends on the sample preparation 

method used and is often affected by the SEM performance, which is electronic in 

nature. Nevertheless, my images generated by the SEM present samples from 

different aquifers dried in the same environmental conditions, thus presenting 

different patterns and shapes from one another. This is the same outcome 

mentioned in the research above. 

Considering that the droplet evaporation phenomenon is applicable for all sorts of 

liquids and, as research indicates, “when the drops evaporate in the same 

environment, their drying process depends on the liquid composition” 

(Kokornaczyk et al. 2011, 1713), it is possible to argue that structures formed after 

evaporation, and then visually represented by the SEM, can be an alternative and 

unusual method of visually presenting the composition of water. 

In other words, when I explore the scientifically acknowledged phenomenon of 

drop evaporation through the use of the SEM imaging technique, my SEM-made 

photographs are capable of visually representing features related to water 

composition and, in some cases, the contamination of water. However, I don’t claim 

that they can be seen as scientifically valid documentation due to all the problems 

associated with the complexity of the processes involved. In this case, the SEM-

made images of water are re-contextualised in an aesthetic frame and perceived as 

representing the narratives of their origin. How they transmigrate from science 

into the domain of art will be discussed in the next sub-section. 

3.4 Artistic Manipulations of Photographic Images Made by the SEM 

Advanced scientific and digital technologies have provided artists working with 

the SEM with new ways of representing their thoughts. For artists working with 

the SEM, it becomes an instrument, leaving traces of their intuition, choice, 

knowledge, cultural and educational background and hence, their interpretation of 

scientific methods of producing photomicrographs. In this sub-section, I describe a 

few manipulations of scientific images which can be employed for artistic 

purposes. 
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3.4.1 Settings Manipulations During the Imaging Process 

Some manipulations can be carried out through adjusting the photographic 

parameters used in the in-built software settings in the SEM. In the computer 

screenshot seen below (Figure 53), parameters such as brightness, contrast, and 

autofocus can be seen at the top right of the control panel. 

Figure 53. Anastasia Tyurina, Adjustment Control Panel, 2015, print screen 

The primary reason for a microscopist to use photographic adjustment settings is 

to help them obtain the image that is best suited for further analysis. In this case, 

the image does not necessarily have to be balanced in terms of its brightness and 

contrast because some elements of the sample can be seen well in a weak contrast. 

At the same time, adjusting photographic settings can serve the artist’s intention to 

generate an expressive image; for example, by increasing contrast to dispose of 

some details. 
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3.4.2 Stitching and Stacking 

Images made by the SEM appear on a computer screen, but their quality and size 

are not sufficient to produce a large print because the imaging process is not 

designed for such purposes. The digital image is limited to 1,280 x 1,024 pixels in a 

bitmap (bmp), tiff (tif) or jpeg (jpg) format.15 To create a high-quality print, I make 

a significant number of captures of a sample divided into parts, which I then stack 

and stitch manually in Photoshop. 

A number of software programs are designed for the purpose of creating a 3D 

effect in images made by the light microscope. This technique allows 

photomicrographs to be created from a number of combined layers of the scanned 

object. Images can be stacked by in-built software such as ImageJ during the 

capturing or after the imaging. But all these manipulations are very time-

consuming and require additional skills of the operator. The automatisation of the 

stacking process is not relevant for SEM images because this kind of microscope is 

not designed to capture the object layer by layer. The focusing only depends on the 

electron beams’ interaction with the surface of the object. 

For example, to make an image of a drop seen at x1000 magnification, I need to 

capture it step-by-step, starting from the bottom left part of it. This process has 

limitations; difficulties with focusing arise when I try to achieve such a big 

magnification, and an autofocus is often unhelpful. Thus, every image consists of 

ten to twenty stacks with differently focused points, which I align by the Z-

coordinate because I want the whole image in sharp focus. A final photograph 

consists of stacked pictures of sections of a single drop, which I stitch by aligning 

the X and Y coordinates of each section in order to construct the whole image. This 

method significantly increases the size and quality of the digital file because of the 

multiple pixels. Examples illustrating this method can be seen in Figures 54–55. 

15 Detailed specifications may be found on the manufacturer’s website (“JCM-5000” 2017). 
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Figure 54. Anastasia Tyurina, A Number of Captures for Stacking and Stitching in 
Photoshop, 2015, print screen 

Figure 55. Anastasia Tyurina, Phomicrograph Made of Stacks, 2015 

After this stage, I experiment with the photographic settings to adjust the image 

ratio, tones, exposure, and pixel density. I may erase or add some details to 
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produce an arresting image. When finished, the digital file can be printed at a size 

of up to 60 x 90cm for exhibition in the gallery space. 

It is usually not necessary to print images used for scientific analysis that are made 

by specific analytical methods, such as spectroscopy. For an art exhibition, 

however, such images may be printed on traditional or contemporary materials, 

such as art paper, glass, acrylic, wood, etc. Printed photomicrographs transform 

the microworld to a macro level, bringing it to a human-scale physical dimension. 

This scalability allowed me to play with the meaning of the presented images in 

order to fulfil my artistic purposes. 

3.4.3 Colouring Possibility 

While there is a whole range of possible manipulations available in Photoshop, it is 

worth mentioning the colouring tools. Through different algorithms, it is possible 

to apply different colours to different details of the image. There are many sources 

both in the technical literature and on the Internet providing scientists and artist 

with various tutorials on image colouring. But the author of the image makes the 

final decision of which colour to apply to a particular point of the presented object 

and thus colour choice is very individual. Experimenting with such colouring, I 

have tested two options: the colouring algorithm available in Photoshop and the 

software offered by Recolored, which was designed for the purpose of recolouring 

black-and-white photographs. The results are presented in Figures 56–59 below. 

I have not used colours in my final works because I did not find this option 

significantly relevant to the objective of recontextualising the meaning of SEM-

made images of water droplets. Moreover, this option can be destructive for 

understanding the nature of the SEM imaging technique. Nonetheless, the way in 

which false colours are applied and the choice of colours are personal choices that 

provide the possibility for creative experimentations to make the 

photomicrograph attractive.  
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Figure 56. Anastasia Tyurina, The Colouring Process in Adobe Photoshop, 2016, print 
screen 

Figure 57. Anastasia Tyurina, Coloured Photomicrograph in Adobe Photoshop, 2016 



88 

Figure 58. Anastasia Tyurina, The Colouring Process in Recolored, 2016, print screen 

Figure 59. Anastasia Tyurina, Coloured Photomicrograph in Recolored, 2016 
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Chapter 4: The Unseen Water: The Major Creative Project 

4.1 Laboratory Work 

Before I started to work with water samples, I tested the technical capacities of 

three different types of microscopes and their possible use for my project. I met 

with Dr James St John, Head of the Clem Jones Centre for Neurobiology and Stem 

Cell Research at Griffith University, who has more than twenty years of experience 

of working with fluorescent confocal microscopes. As a result of this meeting, I 

gained invaluable knowledge of the technical features of fluorescent microscopy 

and learnt skills for operating the microscope. This kind of microscopic imaging  

Figure 60. Anastasia Tyurina, Casuarina Seed (Australian Pine Seed), 2014, 
photomicrograph made by the Fluorescent Confocal Microscope 

has a very rich potential for use in an artistic context. Images constructed of many 

scanned layers offer opportunities for experimentation. Examples of my works 

made by using the fluorescent confocal microscope are presented in Figures 60 

and in the image on the left in Figure 61. During my research, I also arranged to 

meet Mr Stefan Morley, a Technical Facility Officer (Sciences) at Griffith University. 

With Mr Morley’s help, I managed to work with a stereo-optical microscope and 

formed an understanding of its potential for producing photomicrographs (centre 
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image in Figure 61). However, the most beneficial collaboration for my research 

was working with Dr Cameron Flegg, Senior Research Support and Technical 

Officer (Health) at Griffith University, who provided me the opportunity to use an 

SEM. After passing a workshop induction for this particular microscope, I began 

working with it independently and professionally. It took some time for me to 

develop knowledge on this microscope and to become familiar with the principles 

of working with the SEM, since it is very different from the fluorescent and stereo-

optical microscopes (see image on the right in Figure 61).  

Figure 61. Anastasia Tyurina, Wonga–Wonga Seed, From Left to Right: Photomicrographs 
Made by the Confocal Fluorescent Microscope; by the Stereo Optical Microscope; and the 
Scanning Electron Microscope, 2014  

The particular model of SEM I worked with is called the JEOL NeoScope JCM-5000; 

its specifications are presented in the table in Figure 62. 

Magnification ×10 to ×40,000 

Observation mode High vacuum mode, Low vacuum mode 

Electron source Small cartridge electron source 

Accelerating voltage 15kV, 10kV, 5kV 

Specimen stage Manual, X 35mm, Y 35mm 

Maximum specimen size 70mm Diameter 50mm Height 

Detector Secondary electron detector, Backscattered electron detector 

Data display Accelerating voltage, magnification, micron bar, micron value 

Digital image 1,280ｘ1,024 pixels, bmp, tif, jpg 

OS Windows® VISTA Windows® 7 

Automatic operation Electron source, focus, brightness, contrast, and astigmatism 

Composition Main console + RP (20L/min) 

Main console dimensions W492ｘD458ｘH434mm 

Electric power 
Single phase AC100V (400VA) 240V (1,100VA) 
50Hz/60Hz 

Room temperature 15℃ to 30℃ 

Humidity 70％ or less 

Figure 62 JEOL NeoScope JCM–5000 Specification, n.d. 
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My laboratory work included sample coating with gold using NeoCoater MP-

19020NCTR and subsequent imaging using the SEM. The process of imaging was 

described in detail in the sub-sections 3.1. and 3.2. and the procedures carried out 

in the laboratory are as follows: 

1. Drying samples (air drying, room temperature)

2. Coating samples with gold sputtering using coater NeoCoater MP-19020NCTR

3. Pinning samples to plates

4. Placing samples and evacuation of the air from the microscope chamber

5. Setting control parameters (zoom, observation mode (high or low vacuum

mode) accelerating voltage, photo adjastment (focus, brightness, contrast, and 

astigmatism) 

6. Organising data information

Figures 63–68 illustrate the design of the facility, water droplet after covering it 

with gold, interface of the controlling software, and the raw data obtained as a 

result of the imaging. 

My approach to laboratory work as an artist was playful and intuitive. I was 

primarily focused on experimentation with the microscope settings. In order to 

obtain the range of different images of the same object I experimented with 

different imaging modes. I also focused on searching and interpreting shapes I 

observed and then used intuition and composition rules for cropping visible areas 

of the image. 
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Figure 63. Anastasia Tyurina, Scanning Electron Microscope Imaging System, 2016 
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Figure 64. Anastasia Tyurina, Droplet Covered with Gold, 2014, photomicrograph 
made by the Stereo Optical Microscope            

Figure 65. Anastasia Tyurina, NeoScope Software Interface, 2015, print screen 
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Figure 66. Anastasia Tyurina, 5 kV, 2016, photomicrograph 

Image data for the Figure 66 is: 

CM_FORMAT JEOL/EO 
CM_VERSION 0.1 
CM_DATE 2016-10-26 
CM_TIME 14:23:13 
CM_OPERATOR 
CM_INSTRUMENT JCM-5000 
CM_ACCEL_VOLT 5.00 
CM_MAG 17.0 
SM_MICRON_BAR 372.0 
SM_MICRON_MARKER 2mm 
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Figure 67. Anastasia Tyurina, 10 kV, 2016, photomicrograph 
 

Image data for the Figure 67 is: 
 
CM_FORMAT JEOL/EO 
CM_VERSION 0.1 
CM_DATE 2016-10-26 
CM_TIME 12:16:58 
CM_OPERATOR 
CM_INSTRUMENT JCM-5000 
CM_ACCEL_VOLT 10.00 
CM_MAG 17.0 
SM_MICRON_BAR 372.0 
SM_MICRON_MARKER 2mm 
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 Figure 68. Anastasia Tyurina, 15 kV, 2016, photomicrograph 

Image data for the Figure 68 is: 

CM_FORMAT JEOL/EO 
CM_VERSION 0.1 
CM_DATE 2016-10-26 
CM_TIME 14:25:16 
CM_OPERATOR 
CM_INSTRUMENT JCM-5000 
CM_ACCEL_VOLT 15.00 
CM_MAG 17.0 
SM_MICRON_BAR 372.0 
SM_MICRON_MARKER 2mm 

These three last figures illustrate that the same object looks different in different 

imaging modes of 5,10, and 15 kV. 



97 

4.2 Field Work: The Mooloolah River and Its Catchments 

My field work was undertaken on three different sites from which I collected water 

samples: Brown Lake and the Key Holes of North Stradbroke Island; urban 

waterways of Brisbane, including the Brisbane River and city ponds and creeks; 

and the Mooloolah River at the Sunshine Coast. My main fieldwork was undertaken 

in collaboration with Mooloolah Waterwatch and Landcare Inc. (MRWL), an active 

community group dedicated to the health, protection and enhancement of the 

rivers and natural ecosystems of the Sunshine Coast (“About Us” 2017). 

Collaboration with MRWL provided me with an opportunity to explore the 

Mooloolah river water condition using professional water-quality monitoring 

equipment as well as to establish relationships with members of the community 

group. 

4.2.1 The Mooloolah River 

The Mooloolah River flows from east to northeast, from the Blackall Range to the 

sea between Mooloolaba and Point Cartwright. The river system has a relatively 

small catchment area of 196 square kilometres that is 25 kilometres inland from 

the coast (Australian Government Bureau of Meteorology 2016). 

The Sunshine Coast is one of the most rapidly growing regions in Australia. 

According to the Sunshine Coast Council Area Population and Household Forecasts 

2011 to 2026 (2011), the total population on the Sunshine Coast was estimated to 

be 267,252 people in 2011. The population grows at an average annual rate of 

2.39% and is predicted to reach 380,649 people by 2026 (Sunshine Coast Council 

2011). 

The Mooloolah area is highly modified by human activities and dominated by 

residential canal estates, marinas, harbours, and artificially stabilised banks. It is 

evident that the development of urban areas and farming such as sugar cane has 

put pressure on the waterways (Schlacher and Carruthers 2001). However, 

Healthy Waterways, an independent not-for-profit organisation, reports that the 

river areas have good water quality: 
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Mooloolah improved from 2015 due to a decrease in pollutant loads. The catchment 
retains a moderate proportion of estuarine wetland, and a low proportion of 
freshwater wetlands, compared to pre-cleared. Freshwater stream health declined 
from excellent to good, predominately due to a decline in freshwater bug community 
health (macroinvertebrates) at most sites. Pollutant loads significantly improved 
from high to low. Riparian condition remains fair. Estuarine water quality remains 
excellent. (“Healthy Waterways” 2016) 

The urban development in the area began in 1862, when Edmund Lander applied 

for a run called Mooloolah Back Plains and established an outstation (“History: 

Rivers Played a Vital Role in Shaping the Region” 2016). The population has grown 

and development has accelerated sharply in recent decades. The coastal plain has 

been transformed since 1966 by canal estates, and development continues in 

Kawana Waters (Schlacher and Carruthers 2001). 

In the State of South-East Queensland Waterways Report 2001, Thomas Schlacher 

and Tim Carruthers claim that 

In the canal estates, numerous stormwater drains—often at a high spatial 
concentration and flow capacity—discharge substantial quantities of runoff to the 
estuary during rain events. Stormwater carries high loads of inorganic nutrients, 
numerous toxicants, organic detritus and bacteria. 

Marinas provided for pleasure craft and harbour and shipyard facilities have been 
developed since the late 1960s. Activities and structures associated with boating 
and shipping may contribute towards loading with heavy metals, and some 
quantities of faecal pollution may originate from marinas and/or stormwater drains 
in canal estates and on-site sewage treatment system in upper reaches. (2001, 22) 

Despite the fact that the current water quality of Mooloolah River is good, there is a 

constant risk of declining water condition because of increasing urban 

development. Community awareness of the fragility of these water ways is an 

important part of their effective maintenance. To understand the environmental 

values (EVs)16 and water quality objectives (WQOs)17 that are in place for 

Queensland, I studied documents such as Queensland Water Quality Guidelines 

(2009), which addresses procedures for the application of guidelines for aquatic 

ecosystem protection, and Mooloolah River Environmental Values and Water 

Quality Objectives (2010), a document made according to the provisions of the 

Environmental Protection (Water) Policy 2009 (Queensland Government 2009).18  

16 EVs define the uses of the water by aquatic ecosystems and for human uses (e.g. drinking water, irrigation, 
aquaculture, recreation). 
14 WQOs define objectives for the physical characteristics of the water (e.g. nitrogen content, dissolved oxygen, 
turbidity) (“Queensland Government, Department of Environment and Resource Management” 2010). 
18

 These documents are available on the Department of Environment and Heritage Protection website. 
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Studying the Monitoring and Sampling Manual 2009 (Department of 

Environment and Heritage Protection 2013) helped me to design sample 

collection strategies for the Mooloolah River as this document contains the 

common techniques, methods and standards for sample collection, handling and 

data management for use by Queensland Government agencies, relevant persons 

and other organisations for monitoring and assessing the condition and trend of 

Queensland waters. 

4.2.2 The Collection of Water Samples 

The water sampling for my project was made possible by the generous help of 

Tim Odgers, President of MRWL, and Paul Storer, a water-quality monitoring 

expert. They made a great contribution to my research by educating me on the 

topic and providing me with the transport, technical equipment, and personal 

assistance I needed to collect water samples. 

Following our meetings and discussions, it was possible to organise collecting 

data from Mooloolah River. We conducted a trip from the Mooloolah River 

Mouth to the Hell Hole Creek on 22 October 2016. We stopped at eight sites that 

were of interest in terms of their water condition. Thus, we explored sites along 

the whole river length. To collect the water samples, I used plastic tubes and 

labelled each with the name of the site and date. After all the data and relevant 

documentation were organised, it was possible to proceed to the laboratory 

work. I photo-documented each site, and these photographs were very useful for 

making comparisons between the features visible to the eye (and captured by 

the camera) and visible through the microscope. This photo-documentation as 

well as matched photomicrographs are presented below (Figures 69–76). 
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Figure 69. Anastasia Tyurina, Field Trip: Site 1, Mooloolah River Mouth, Photo 
Documentation, 2016 

Figure 70. Anastasia Tyurina, Field Trip: Site 2, Mooloolah River Kawana Weir Down 
Stream, Photo Documentation, 2016   
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Figure 71. Anastasia Tyurina, Field Trip: Site 3, Mooloolah River Kawana Weir Up Stream, 
Photo Documentation, 2016   

Figure 72. Anastasia Tyurina, Field Trip: Site 4, Mooloolah River Kawana Way, Photo 
Documentation, 2016   

Figure 73. Anastasia Tyurina, Field Trip: Site 5, Ewan Maddock Dam, Photo 

Documentation, 2016   
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Figure 74. Anastasia Tyurina, Field Trip: Site 6, Mooloolah River, Gympie St Bridge, 
Documentation, 2016    

Figure 75. Anastasia Tyurina, Field Trip: Site 7, Mooloolah River Entering Hellhole, 
Documentation, 2016   

Figure 76. Anastasia Tyurina, Field Trip: Site 8, Hell Hole Creek, Jillian Rd, Documentation, 

2016     
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We used the Horiba U50 monitoring machine to monitor water quality through the 

application of tests such as pH, electrical conductivity, turbidity, dissolved oxygen, 

temperature and salinity. It was particularly important to access all the sites in one 

day because, according to the Environmental Protection (Water) Policy 2009, 

particular WQOs cannot be provided for some indicators if collected at different 

times. For example, “temperature varies both daily and seasonally, it is depth 

dependent and is also highly site specific” (Queensland Government 2009, 16).  

After the field work, I compiled all the data together into a table (Figure 77) to see 

what differences in parameters of collected water samples from particular sites 

can be seen as indicators of state of sites and thus the state of the river. 

Figure 77. Paul Storer, Tim Odgers, and Anastasia Tyurina,  Data from Mooloolah River 
Samples Collected 10:30 – 14:30 on Saturday 22 October, 2016 

4.3 Studio Practice and Artwork Production 

This sub-section provides a detailed explanation of the artwork production for my 

project. In a sense, my artworks employ two kinds of mediums, comprising two 
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different applications of SEM photomicrography: still photomicrographs and 

interactive digital installations. They can be perceived differently in terms of the 

aesthetic response they generate in the viewer, but both draw attention to the 

qualities of water through enhanced visual details that aid in the interpretation of 

water samples. Thus, it worth describing them separately. 

4.3.1 Still Photomicrographs 

In Chapter 3, I highlighted the possible manipulations of photographic images 

made by the SEM. Using Photoshop, I was able to crop images and remove details 

that seemed visually unpleasant and to exclude the textual data that provides 

information about imaging parameters. Using these manipulations, I aimed to 

avoid any resemblance to a scientific style of representation, particularly because 

the gallery space is different from a laboratory. More importantly, the way my 

photomicrographs will be read, the cultural expectations around images, and their 

presentation differ between these environments. My intention is that my images 

can evoke an interest in water chemistry by showing it as being beautiful. 

As my photomicrographs can be seen to resemble aerial photographs of 

topographic features of water reservoirs, I try to make their captions intriguing by 

referencing the sites where the water samples have been collected. This can invoke 

a sense of place and draw attention to the pressing issues of water quality and 

scarcity in these areas. 

I explored the same motif of topographic relations when presenting the Mooloolah 

River series of photomicrographs. In the gallery space, I place the 

photomicrographs of drops collected from particular sites over the wall-painted 

map of the Mooloolah River. The position of each photomicrograph on this map 

aligns to the GPS coordinates19 of the sites where the water samples were collected 

(Figure 78). To create an accurate visual reference, I uploaded GPS coordinates 

from Google Maps services and obtained topographic positions of each site from 

which I collected water samples. I stitched together each section of the map in 

19 These data are taken from the field trip; see Section 4.1. 
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order to visualise the whole river and the collection sites (Figure 79).20 After this, 

using Photoshop, I recreated the river line by excluding unnecessary topographic 

details from the map; then I painted the simplified map on the wall. 

Site 1 Site 2 

Mooloolah River Mouth 
Mooloolah River Kawana 

Weir Down stream 

GPS Coordinates 
-
26.685167° 153.135152° 

-
26.705885° 153.123087° 

Site 3 Site 4 

Mooloolah River Kawana 
Weir Up stream 

Mooloolah River Kawana 
Way 

GPS Coordinates 
-
26.706239° 153.123189° 

-
26.713681° 153.116416° 

Stie 5 Site 6 

Ewan Maddock Dam 
Mooloolah River, Gympie 

St Bridge 

GPS Coordinates 
-
26.775440° 153.003347° 

-
26.762742° 152.987930° 

Site 7 Site 8 

Mooloolah River 
entering Hellhole 

Hell Hole Creek, Jillian 
Rd 

GPS Coordinates 
-
26.753490° 152.924683° 

-
26.767470° 152.919775° 

Figure 78. Anastasia Tyurina, Field trip: GPS Coordinates of Water Collection Sites, 2016 

20 There is no option in Google Maps to save the map section as an image, thus I took screenshots of each 
section. 
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Figure 79. Anastasia Tyurina, Mooloolah River Map with Collection Site Points, 2016 

I linked photomicrographs of water samples with geographical positions of their 

collection sites by placing photomicrographs above the wall-painted graphics of 

the river map and collection points (Figure 80). The photomicrographs are 

frameless and are placed in between two transparent acrylic sheets, which allows 

some areas of the painted map to be seen through. 

Figure 80. Anastasia Tyurina. Sketch of the Installation Photomicrographs, 2016 
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4.3.2 Live Photomicrographs 

In contrast to traditional media, another set of my artworks is interactive and was 

made using Processing, a tool for creative coding that was discussed earlier. In 

these works, viewers are encouraged to engage with my images through touch and 

movement, which resembles human interaction with water. They are digital visual 

installations consisting of touch-sensitive interfaces with the code incorporated. 

The human touch activates a ripple effect–generation algorithm (Figure 81), 

simulating formations of water ripples and altering the SEM photomicrograph of 

the water drop. 

According to Manovich, computerisation turned media into computer data. He 

suggests “variability” as one of the principles of new media, which allows new 

media objects to exist in many different versions. He also points out that “rather 

being created completely by a human author, these versions are often in part 

automatically assembled by a computer” (Manovich 2001, 36). 

If we apply this principle to culture at large, it would mean that every choice 
responsible for giving a cultural object a unique identity can potentially remain 
always open. Size, degree of detail, format, color, shape, interactive trajectory, 
trajectory through space, duration, rhythm, point of view, the presence or absence of 
particular characters, the development of the plot—to name just a few dimensions 
of cultural objects in different media—all these can be defined as variables, to be 
freely modified by a user. (Manovich 2001, 44) 

He also states that the “transcoding” principle lets us consider new media “as 

consisting from two distinct layers: the ‘cultural layer’ and the ‘computer layer’” 

(Manovich 2001, 46). He explains his view: 

Because new media is created on computers, distributed via computers, and stored 
and archived on computers, the logic of a computer can be expected to significantly 
influence on the traditional cultural logic of media; that is, we may expect that the 
computer layer will affect the cultural layer. (Manovich 2001, 46) 

Describing interactivity of “new media”, Manovich suggests that “in the process of 

interaction the user can choose which elements to display or which paths to follow, 

thus generating a unique work. Thus the user becomes the co-author of the work” 

(Manovich 2001, 49). Thus, the interplay between virtual ripple effects and the 

resemblance of physical interaction with water can be seen as embodying the 

“artist–display–user” paradigm seen in regards to computer art (Juliff and Cox 
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2015). In their paper “The Post-Display Condition of Contemporary Computer Art” 

(2015), Toby Juliff and Travis Cox attempt to re-conceptualise the relationship 

between artistic intentionality, coding, interface, and user input. 

Figure 81. Anastasia Tyurina, Screenshot of the Code, 2016, detail 

Juliff and Cox (2015) suggest that the relationship between the artist and computer 

code should be reconsidered so that the paradigm becomes artist–code–display–

user. They state that 

The code takes input from the user and subjects it to internal semiosis between 
distinct elements of the code, before being output to the display. This code, having 
been written by the artist, or an agent of the artist, contains within its structure an 
inbuilt intentionality, a way of approaching input that is integral to conveying the 
intended meaning. (Juliff and Cox 2015, 10) 

The book A Touch of Code: Interactive Installations and Experiences (Klanten et al. 

2011) offers a good overview of the many possible ways of interacting with code, 

presenting a variety of interdisciplinary and interactive projects. The book 

examines works created at the intersection of using advanced technologies and 
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programming languages, as well as explores how code can offer a real experience 

users.  

 

In line with artists using code to activate new experiences and with Juliff and Cox, 

who argue that the code is not only a product of intention and meaning but also a 

producer of them, I seek in my practice to explore the role of code in the 

production of meaning, in particular for the scientific photomicrograph of natural 

phenomena.  

 

In the series of live images for my project presented in my final exhibition, the 

photomicrographs displayed on the screen seem to be still when viewed from a 

distance; yet, as the audience comes closer and start touching the screen, the 

ripples appear. The photomicrograph transforms into a live picture, producing 

varying forms of ripple that seem both ordered and random at the same time. Such 

transformations occur continuously until the user-viewer stops touching the 

screen (Figures 82, 83).  

 

Figure 82. Anastasia Tyurina, Brisbane River, 2017, digital mixed media (detail) 
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Figure 83. Anastasia Tyurina, Rainwater, 2017, digital mixed media (detail) 

Interacting with the image in this way transforms the work into something that 

transcends disciplines. It offers a layered meaning, providing audiences with the 

opportunity of experiencing the fluid and animated qualities of the effects that 

connects with these qualities in the subject matter: water. The addition of the 

interactivity and animation introduced by the ripple effect is the expanded mode of 

‘reading’ or appreciation. As well as offering a visual engagement, the work offers 

an embodied engagement: an important connection to the material significance of 

water in our lives. 

 

Such digital installations allow the transformative power of water to be explored; 

they offer new perceptual experiences and, by the artist–code–display–audience 

interaction, are capable of providing a new meaning for scientific images through 

their ever-changing visualisation. 

 

4.4 Significance of the Project 

 

My practice aims to produce engaging images and draw attention to the quality of 

water. But my artistic intention is not limited to the representation of water 

composition, chemical features, and their patterns after evaporation. It also aims to 

communicate issues related to the ecological management of water and to raise a 

sense of responsibility towards using and managing water resources.  
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Activities, such as engagement and building the dialogue with public undertaken as 

part of the research are a key component of many artists that work across the 

science and art nexus. Contextualising this aspect it is useful to consider the work 

of Leah Barclay, Australian sound artist, composer and researcher working at the 

intersection of art, science and technology whose ongoing interdisciplinary 

research involves long-term engagement with communities across the globe. 

Barclay leads Biosphere Soundscapes, an interdisciplinary project exploring 

soundscapes of UNESCO Biosphere Reserves across the world and River Listening, 

which examines the creative possibilities of aquatic bioacoustics in collaboration 

with the Australian Rivers Institute. She also works as an educator with various 

organizations (“Leah Barclay: Biography” 2017). 

River Listening project launched on the iconic River Thames in London in June 

2014 illustrates the active engagement with different stakeholders through 

collaboration, workshops and seminars. It was developed across four Queensland 

rivers: the Brisbane River, the Mary River, the Noosa River and the Logan River 

“through intensive community engagement resulting in a wide spectrum of 

partnerships with community organisations,” Barclay states on her website(“Leah 

Barclay: River Listening” 2017). She also points out that  

“River Listening provides a model to develop a truly interdisciplinary approach with 
a strong focus on immersive community engagement. It is anticipated the future 
results will be beneficial to national ecosystem monitoring programs for river 
health. This project is a catalyst for interdisciplinary thinking at a time when the 
conservation and management of aquatic ecosystems is a critical priority. River 
Listening fundamentally explores the creative possibilities of aquatic bioacoustics 
and the potential for new approaches in the management and conservation of global 
river systems. River Listening is underpinned by inspiring environmental 
stewardship, revaluing river systems and connecting communities through sound 
and creative technology” (“Leah Barclay: River Listening” 2017). 

Barclay’s practice is one of many examples of how the connections between 

communities, the environmental sciences, and the arts are core elements of 

interdisciplinary research, creative endeavors and educational activities. 

In line with Barclay's approach, my research project explores the creative 

possibilities and the potential for scientific photomicrography as a tool for 

engagement and awareness around water health. It might seem unclear how 

particular photomicrographs of water can help to communicate ecological issues 
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about water. However, they are intended to complement the other activities I have 

undertaken throughout this research in order to achieve my goals. Specifically, I 

have embarked on collaborations with scientists and eco-activists, and presented 

my research goals and findings through educational seminars and other forms of 

community engagement. The following sub-section provides a discussion of some 

of the practical applications of my artistic research outcomes. 

4.4.1 MRWL Community Engagement 

Following the establishment of collegial relationships with the head members of 

MRWL, Tim Odgers and Ann McGrath, a notice about our joint “new journey” was 

published in the 34th issue of their newsletter in September 2016 (“Water at a 

microscopic scale” 2016). Shortly after the publication, Odgers invited me as a 

guest speaker to present my artistic research at the MRWL Annual General 

Meeting in October 2016 (Figure 84).  

It was a great opportunity to explain my goals, artistic and scientific methods in 

creating photomicrographs of water, and the possible contribution of my research 

for promoting MRWL work on Mooloolah River water-quality monitoring, as well 

as to offer my involvement with their community tasks. Communicating water 

properties through my images, and the risk of water contamination of Mooloolah 

River in particular, I aimed to create a sense of place for MRWL members and to 

allow them to see the water from a different angle, making it more personal. I 

received much positive feedback on my presentation and artworks, and my 

conversations with community members led me to be inspired by many ideas 

regarding materials for the future direction and development of my work in the 

microworld study and application of artistic photomicrography for communicating 

ecological issues.21 Following on from this presentation and related discussions, in 

21 MRWL is currently working on the Subtropical Lowland Rainforest Recovery Project, one of the aims of 
which is to map the riparian corridor of the Critically Endangered RE12.3.1 Subtropical Lowland Rain-forest 
(SLR) which characterises the Mooloolah River. Samples collected from waters in the area can be employed 
both scientifically and artistically. Photomicrographs of water samples can contribute to mapping threatening 
processes, such as head-water infestations of Madeira Vine and Cats Claw Creeper as well as to communicate 
potential risks of such infestation to the local community and the general public. MRWL also runs the 
Mooloolah Native Nursery, an ongoing process of growing local plants for their recovering. Many volunteers 
are involved in collecting seeds for the Nursery. Identified seeds are accurately classified and kept frozen for 
the further sprouting. My artistic practice of photomicrography can contribute to promoting such activities 
among the local communities of the Sunshine Coast. 
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October 2016, I undertook the field work described in detail earlier in this chapter 

to collect the water samples that I used for the creation of my final artworks.  

Figure 84. Anastasia Tyurina, Artist Talk, Photo Documentation of Presentation of Work 
at Mooloolah River Waterwatch & Landcare Annual General Meeting held on 24 
September, 2016 
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4.4.2 RONA16 Artist-in-Residence Program 

The Rights of Nature Australia 2016 (RONA16) artist-in-residence program is 

coordinated by AELA Earth Arts,22 a branch of the Australian Earth Laws Alliance 

(AELA). As AELA states on its website: “Our intention is to blend the creative re-

interpretation of environmental governance with cultural responses to the rights 

of the natural world to flourish” (“RONA16 Application” 2016). 

I attended the first Australian Rights of Nature Tribunal,23 which was held in 

Brisbane on 22 October 2016 by the AELA, and was inspired by one of the cases 

presented on the day at the Tribunal, “Great Artesian Basin (GAB) vs Federal and 

Queensland Governments and the Unconventional Gas Industry”, and its focus on 

concern over “the impact of coal seam gas [CSG] mining, and other unconventional 

gas mining, on Australia’s precious groundwater and sacred springs” (“Tribunal 

Program” 2016). 

By doing my own research about this problematic issue, I found out the concerns 

of the National Water Commission, which states on its website:  

CSG development represents a substantial risk to sustainable water management 
given the combination of material uncertainty about water impacts, the significance 
of potential impacts, and the long time period over which they may emerge and 
continue to have effect. (“Coal Seam Gas” 2012) 

There is also an associated risk that “the practice of hydraulic fracturing has the 

potential to induce connection and cross-contamination between aquifers, with 

impacts on groundwater quality” (“Coal Seam Gas” 2012). 

Hydraulic fracturing (also known as fracking) is the process of creating or 

enlarging cracks in underground coal seams (usually by pumping a fracking fluid 

into them) to increase the flow and recovery of gas out of a well. Water and sand 

22 Earth Arts is “the creative branch of AELA, with its own dedicated team of arts and legal professionals, who 
deliver research and events that explicitly connect the philosophies and practice between the arts, 
environment and governance” (“RONA16 Application” 2016). 
23 The People's Tribunal for the Rights of Nature is “a new, permanent civil society institution for Australia. 
The Tribunal aims to provide a unique forum for people in Australia to speak on behalf of the non-human 
world, to challenge the current legal system’s failure to protect the health of our ecosystems and to highlight 
the role that the legal system, government agencies and corporations play in destroying the Earth community” 
(“Tribunal 2016” 2016). 
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make up about 99% of fracking fluids. The remaining 1% is composed of 

chemicals. Some companies have stated that these additives are not harmful and 

can be found in typical food and cleaning products (Australia Pacific LNG 2016). 

Additives include acetic acid (vinegar), caustic soda (found in hair remover), 

calcium chloride (found in sports drinks) and guar (found in ice cream) (Australia 

Pacific LNG 2016). Despite the companies arguing that only a very small 

percentage of fracking fluids consist of these chemicals, because of the huge 

volumes of fluids used, these chemicals may cumulatively constitute literally 

truckloads in volume (Carey 2012). 

 

Dissolved hazardous chemicals are often invisible to the naked eye; therefore, 

water contamination cannot be recognised without a complex water quality test. 

For the RONA artist-in-residence, I proposed a project which will visually 

represent the composition of water from waste water storage ponds through the 

series of photomicrographs made by the SEM. Through photomicrographs made by 

the SEM, it may be possible to reveal visual signifiers of water pollution seen as 

morphological features of the patterns related to water contamination and to 

present them as ‘expressive portraits’ of such ponds. It may also be possible to 

communicate the impact of CSG mining on the groundwater of the GAB in an 

artistic context. After proposing this particular aspect of my project to AELA, I was 

accepted for participation in the RONA16 residency, which involves workshops 

about Earth jurisprudence for artists, consultations with environmental lawyers, 

scientists, indigenous leaders, activists and community groups, and inclusion in an 

exhibition planned for September/October 2017, ahead of the 2017 Tribunal and 

web publication for RONA17. 

 

By expressing environmental concerns, science and art practitioners are trying to 

improve the way that science is communicated to the public. Effective 

communication of such issues is a consolidated process of understanding the 

audience and communicating with that audience on their terms. It also requires 

dialogues between artists, scientists, and the community (Lesen , Rogan, and Blum 

2016). At the time of writing, the RONA16 is still an ongoing residency with 

expected outcomes, such as a group show to be released at the end of 2017. 
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Currently, I am in the process of designing cross-disciplinary collaborations with 

scientists, ecologists and experts of the CSG industry.  

I also expect that with the AELA’s support, I will be able to establish relationships 

with local communities who are suffering from the events associated with CSG 

operations, such as uncontrolled discharges and spills of CSG water, overflows of 

storage ponds, and other incidents relating to vegetation clearing and 

contamination. Such collaborations have the potential for exhibiting created 

artworks and encouraging critical dialogues on water issues and the CSG industry 

within the GAB at local galleries and public spaces.  

The techniques of artistic photomicrography I have developed in this research 

provide an opportunity to offer new insights into water quality, thus enabling 

collaborations between artists, scientists, eco-activists, local communities and 

industry with a focus on long-term benefits for sustainability and management of 

groundwater resources of the GAB. I believe this is a significant contribution of my 

artistic practice. 

4.5 Critical Reflection on the Work and Its Aesthetic Quality 

During my doctoral candidature, I have held a few solo exhibitions and 

participated in a number of group exhibitions, which has contributed to the 

exposure of my research. Moreover, the resulting conversations with curators, 

visitors and guests have allowed me to receive feedback, which has enabled me to 

consider various comments, recommendations, and thoughts about my project. 

The experience and the feedback helped me to improve my project as well as to 

become aware of pitfalls during the research process. Through detailed 

descriptions of past exhibitions and discussions of some valuable reviews on my 

work, this sub-section provides a critical reflection on my artworks and their 

aesthetic quality. My exhibitions which I discuss in this sub-section are in the order 

of the most feedback given rather than a chronological presentation of outcomes. 

The group show Watermarks (2016) held in Webb Gallery, Brisbane, presented 

four artists (Nicola Hooper, Svetlana Trefilova, Helen Wyatt and myself) using 
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diverse media to explore the traces, impacts and qualities and relationships of 

water. My solo exhibition Into the Water (2015), also held in Webb Gallery, 

presented my first series of works that aimed at expanding human visual 

vocabulary, revealing principles of beauty that are difficult to see with the naked 

eye. (Figures 85, 86). During these shows, I received a great deal of interesting 

feedback on my work in relation to the titles of photomicrographs which are 

named after water sample collection sites' existing names, such as Brown Lake, 

Mount Gravatt Pond, The Cylinder Beach, etc.  

For many visitors, my artworks were intriguing because they seem like aerial 

photographs that reference the sites where the water samples were collected. 

However, this could also be confusing for viewers because this visual analogy may 

lead to the deceitful perception that the SEM photographs of water droplets look 

the same as the topographic features of particular sites. 

While my photomicrographs do not represent topographic projections of the sites, 

through utilising such parallelism, I explore the relationship between direct and 

indirect analogies that arise when looking at photomicrographs. The direct analogy 

with aerial photography may lead to an analogous visual metaphor when graphic 

shapes, contours, lines, etc. ‘look like’ the topographic features of particular sites or 

water reservoirs. This form of ‘semiotic interplay’ can enhance creative thinking. 

This feedback influenced my current naming conventions for the images; 

therefore, I keep using them for exhibits. 

I had many discussions about the representation of the microworld at a macro 

level through the photomicrographs made by the SEM. For me, it was interesting to 

explore how such representations are perceived and identified by viewers; would 

they see these works as just a magnification of the unseen (to the naked eye) 

microworld or as a transformation of the previously unseen microworld into the 

comprehensive visual model accepted for the macro world? The crucial issue in 

evaluating SEM photomicrographs of water is how this aesthetic response in a 

viewer is formed: does it come from the photographic narrative itself or is it 

formed by the fact that the previously unseen unfamiliar microworld is a new 

experience? My project offers that both elements form the aesthetic response, and 
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this is the way that photographic narratives of the previously unseen can expand 

the experience of the viewer. 

Figure 85. Anastasia Tyurina, Watermarks, Photo Documentation of Group Exhibition at 
Webb Gallery, QCA Griffith University, Brisbane, 2016 
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Figure 86. Anastasia Tyurina, Into the Water, Photo Documentation of Solo Exhibition at 
Webb Gallery, QCA Griffith University, Brisbane, 2015 
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When I participated in the group exhibition, Art Meets Science (2016), held by the 

Queensland Government Science Division in Ecosciences Precinct, Dutton Park, 

Brisbane (Figure 87), I received another form of feedback, this time from the host 

organisation. The feedback was that despite my photomicrographs clearly being 

connected to science and the inherent properties of water, they could be seen as 

narrowly focused because they are supposed to be seen as flat artworks presented 

in the gallery space. This is a limitation in communication with audiences, which 

could lead to passive engagement by scientists and the public. This helped me to 

rethink the ways in which I present my artworks and communicate my research. In 

light of this valuable comment, I resolved to focus on a collaborative approach in 

obtaining the material for my research and on an interactive mode of presenting 

my artworks. 

Figure 87. Anastasia Tyurina, Art Meets Science, Photo Documentation of Group Exhibition 
at Ecosciences Precinct, Dutton Park, Brisbane, 2016  

There is a critical limitation in communicating ecological issues using SEM 

photomicrographs of water after evaporation. The skepticism about the scientific 

value of the suggested method of representing water composition and, therefore 

contamination, is obvious. My practice is not scientific. A great number of water 

quality tests are required to prove whether or not water is contaminated. 

However, my artistic photomicrographs are capable of offering ways to engage and 

collaborate with various stakeholders, and to deliver educational objectives; 

therefore, they have a social value. For example, they can contribute to the 
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formation of a responsible attitude towards water resources and an understanding 

of water’s natural and cultural significance. From this perspective, such an 

application of photomicrography can be enhanced through collaboration with 

scientists, ecologists, and local communities. 

I also received many comments that informed the production of my artworks. In 

my case, the traditional way of presenting photographic images—i.e., framed or 

frameless paper prints—seemed insufficient from two points of view. Firstly, it 

seemed inadequate in creating a sense of place for public and local communities 

because photomicrographic narratives do not provide a clear and/or 

physical/emotional link between localities of water collection and representations 

of water sample collected. Secondly, the traditional way of presenting 

photographic artworks seemed insufficient for communicating the features and 

possibilities of advanced digital technologies such as the SEM. 

In response to the first criticism, my final exhibition will present my 

photomicrographs in the form of an installation that includes a painted map of 

Mooloolah River. I do so in an attempt to match geographical points of where I 

collected water samples to the photomicrographs of the droplets of those water 

samples. A more detailed explanation was provided in sub-section 4.4. Anticipated 

feedback from my final exhibition will certainly contribute to the further 

development of the presentation of my works. 

In response to the second criticism mentioned above, I experimented with various 

techniques. The idea to employ creative coding was formed a few months before 

my participation in the group exhibition in NCKU Art Gallery (Figure 88) during 

the 3rd ISAT: Collision, Collaboration and the Future of the Artsci conference 

hosted by the National Cheng Kung University in the partnership with the Art & 

Technology Association Taiwan. Discussions and conversations with digital artists, 

researchers and creative professionals inspired me to explore creative coding in 

the production and presentation of my work.  
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Figure 88. Ming Turner, The 3rd ISAT: Collision, Collaboration and the Future of Artsci, 
Photo Documentation of Group Exhibition at NCKU Art Gallery, Tainan, Taiwan, 2016 

I also participated in The Creativity of Things (2016), an exhibition organised to 

complement the Create World conference held at the Queensland College of Art, 

Griffith University, Brisbane (Figure 89).  
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Figure 89. Anastasia Tyurina, Group Exhibition: The Creativity of Things, Photo 
Documentation of Group Exhibition at Webb Gallery, QCA Griffith University, Brisbane, 
2016   

According to the curator’s statement, 

our goal was to highlight the many, various ways that contemporary creative 
practitioners—artists, designers, filmmakers—are bringing digital tools into 
physical experience…  

…In collecting this work I had in mind several different strategies inherent in the 
tools created by artists and designers to interact with the physical and social world. 
These strategies are by no means mutually exclusive, or even comprehensive, but 
they can make some convenient categories to start thinking about how these 
projects are acting in their contexts. 

An extended sensorium expands the physical capacities of the individual human 
into the realms of the unseen and the intangible. This is what the telescope and the 
microscope do; this is what recorded sound does. Anastasia Tyurina’s photo series 
Waterworks is the most direct expression of the impulse to see the unseen, using 
electromicroscopy to photograph water droplets from Brisbane’s waterways. (Ellis 
2016, unpublished)  
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To bring “digital tools into physical experience” and to “expand the physical 

capacities of the individual human into the realms of the unseen and the 

intangible” (Ellis 2016), I constantly need to upgrade my computer skills. The 

critical limitation of my current experiments is that I am focusing on creative 

coding only and the Processing language, in particular. I am aiming to explore 

different computer tools to enrich the production and presentation of my work in 

the future. 
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Chapter 5: Theoretical and Artistic Findings 

5.1. Aesthetics and the Scanning Electron Microscopy 

 This project was designed to address the following research question: how can 

artistic thinking and procedures shift the visual outcomes of scientific 

photomicrography to function with affect within the context of art? In the arts, 

machines are often seen as instruments that may replace older forms of art. 

However, they may also be used in their own right to express and accumulate new 

forms of experience. The microscope is useless in offering a primary experience 

unless the “eye itself is keen” (Mumford in Rader 1973). The success of operating a 

mechanical apparatus in the arts depends on the cultivation of human abilities that 

lie behind the use of the apparatus (Mumford in Rader 1973). 

When scientific imagery illustrates a scientific discovery, its creation and 

interpretation are ruled by epistemological principles, and the role of aesthetic is 

still contested within scientific interpretation. It is also a matter of degree the 

extent to which aesthetics is important to the value of an image for scientific or 

artistic purposes. If it serves the purposes of art, images made by the SEM require a 

new definition of aesthetic criteria for their evaluation. 

5.1.1 Aesthetic Assimilation of the Scanning Electron Microscope 

In his essay “The Aesthetic Assimilation of the Machine”, Lewis Mumford argues 

that  

Whereas in industry the machine may properly replace the human being when he 
has reduced to automation, in the arts the machine can only extend and deepen 
man’s original functions and intuitions. (Mumford in Rader 1973, 481)  

He also makes an interesting observation that the failure to integrate the arts 

within the new era of mechanisation and automation was not due to the fear that 

the mechanical production can replace the arts but the fear that the artwork’s 

uniqueness will vanish if produced with the machine’s aid. 

Lacking the courage to use the machine as an instrument of creative purpose, and 
being unable to attune themselves to new objectives and new standards, the 
esthetes were logically compelled to restore a medieval ideology in order to provide 
social backing for their anti-machine bias. (Mumford in Rader 1973, 484) 
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In the case of applying machines such as microscopes for scientific imaging 

purposes, there is a counter fear of occasionally over-interpreting the 

photomicrographs, which is caused by human factors such as creativity. In order to 

secure the obtained results, SEM images that are “constructed and seen as 

extensions of traditional imagery” require the conjunction with additional 

analytical techniques such as X-ray diffraction, electron and X-ray spectroscopy 

(Hentschel 2014). 

There is a high risk of misinterpreting images created by the SEM in science. 

However, the last decades’ use of SEMs in creating scientific images formed a new, 

well-established visual culture within a variety of scientific disciplines (Hentschel 

2014). As Klaus Hentschel explains, it became “an image centered science in the 

sense of being even totally dependent on photographic images as basis of all 

further processes of inference” (Hentschel 2014, 315). 

5.1.2 Scientific Aesthetic Criteria for SEM Photomicrographs 

Professor of History and Philosophy of Science at the University of New South 

Wales Nicolas Rasmussen points out that “Aesthetics play a major role in judging 

the electron microscopic evidence”, by which he means that detailed, well-focused 

and contrasted micrographs that have no obvious disruption of specimen are the 

aesthetic ones—i.e., “good pictures” (1993, 237).  

In his article titled “Facts, Artifacts, and Mesosomes: Practicing Epistemology with 

the Electron Microscope”, Rasmussen points out the role of aesthetics in 

epistemology (1993, 230). He states: 

I would contend that aesthetics play a major constitutive role in deciding the facts, 
no less than calibration with precedent and the rest, for biological electron 
microscopy and probably for all morphological life science. Aesthetic preference 
influences belief at every stage, from the choice of areas of the specimen to 
photograph, to the final presentations of micrographs in journals. (Rasmussen 1993, 
260) 

Rasmussen cites eminent histologist Don Fawcett, who also acknowledges 

aesthetics as an epistemological tool that has proven its effectiveness. Fawcett 

states: 
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It must be freely admitted … that we have no objective criteria for judging what 
constitutes good preservation. Perhaps it is more an article of faith for the 
morphologist, than a matter of demonstrated fact, that an image which is sharp, 
coherent, orderly, fine-textured and generally aesthetically pleasing is more likely to 
be true than one which is coarse, disorderly, and indistinct. Like other articles of 
faith, this may not withstand logical analysis but it has proven to be operationally 
sound and has been responsible for much of the progress that has been made in 
descriptive cytology at the electron microscope level. To accept any other guiding 
principle is to encourage carelessness and technical ineptitude. (Fawcett in 
Rasmussen 1993, 260) 
 

 

Compared with Fawcett, Rasmussen is more assertive about the role of aesthetic 

judgment in microscopy; he claims that 

 … aesthetic standards are crucial for helping guide application of the other 
epistemological principles, and for finding conclusions among the many options that 
remain after their application. Faith that the universe is orderly, coherent, and not 
too hard on the eyes, is a premise of any project like exploring the universe with 
microscopes. (Rasmussen 1993, 261) 
 

Clive Cazeaux is Professor of Aesthetics at Cardiff School of Art and Design, Wales, 

UK. He argues that the explanation of “beauty” in science using traditional 

aesthetic theories is inadequate because they use concepts mutually incompatible 

to science, or do not take in account principles of scientific imaging. He explains: 

...the principal contender theories from the history of aesthetics that at first appear 
to be able explain why scientific images are beautiful all fail because: (1) they rely 
upon concepts antithetical to science, e.g. regularity as an index of God’s design, or 
the image is simply placed in an art context (with Casini), or (2) they omit concepts 
intrinsic to scientific imaging, e.g. regularity is taken on purely formal terms and not 
as an indication that something of scientific interest stands out, or the image is taken 
as a representation of “beautiful nature.”(Cazeaux 2015, 204 ) 
 

Cazeaux states that the scientific image is a construction, “a series of mutually 

defining intra-actions, where “intra-action” signifies that the object depicted 

cannot be extricated from the technologies of picturing.” (Cazeaux 2015, 187) 

 

Cazeaux also discusses three theories of image-making in science, from Ihde 

(1998), Barad (2007), and Elkins (2007), who consider the scientific image not as 

just a representation but “technoconstruction” (Ihde), “intra-action” (Barad) and 

“practice” (Elkins). Cazeaux classifies them as “a series of mutually defining and 

dependent operations involving theory, apparatus and experiment design, 

technological transformation and interpretation” (2015, 204). 
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But he points out that this approach is also problematic for aesthetics because “the 

conventional notion of finding something beautiful relies upon the idea of fixing on 

that thing as an object, when “... all three theories require that there is awareness 

of the intra-active, mutually constitutive nature of all the elements involved” 

(Cazeaux 2015, 204). 

To resolve such a dilemma, Cazeaux suggests that metaphor is capable of providing 

a model for the aesthetics of the scientific image because “it is itself an intra-action 

that promotes salience in perception” (Cazeaux 2016, 204). He concludes: 

The associations generated by appreciating a scientific image as a metaphor might 
not be scientifically correct, but they will be in keeping with scientific epistemology 
in that they demonstrate how colors, lines and tones point intra-actively toward 
other things. (Cazeaux 2016, 204) 

5.1.3 Artistic Aesthetic Criteria for SEM Photomicrographs 

Cazeaux (2015) highlights that the scientific image is a challenge for aesthetics. He 

also makes an important note that beauty appreciation in scientific images rely on 

traditional aesthetics theories. He states that when the scientific image is 

considered in an art context, then principles of scientific imaging are ignored; they 

are “taken on formal terms” and the image does not indicate "that something of 

scientific interest stands out” (Cazeaux 2015).  

While Cazeaux suggests metaphor as a model for the aesthetics of the scientific 

image, he does not take into account the artistic context when images created by a 

scientific apparatus (using both scientific and artistic methods) are conceived, 

created and presented for artistic purposes. Such images probably require a new 

definition. Additionaly, Cazeaux, Ihde, Barad and Elkins fail to consider the 

operator’s role in their understanding of the “construction” of scientific images. 

It can be argued that through applying traditional/artistic aesthetic criteria 

different from those described by Rasmussen (which are widely accepted for 

scientific analytical interpretation) to SEM-made images, it is possible to turn SEM 

photomicrographs into art. In other words, the SEM used as an artistic tool and a 

medium is capable of serving creative and artistic purposes. 
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There are two kinds of aesthetic criteria operating in my work: those that I apply 

as an artist in the process of creating photomicrographs, and those that have 

been/will be applied by the audience when evaluating them as artworks. The 

criteria I have applied to my photomicrographs are as follows. Firstly, composition, 

a criterion I have borrowed from photography. As discussed earlier, this is not an 

aesthetic criterion for science. Moreover, a scientist will not crop a scientific image 

or cut or erase its details just because they desire a better composition. Secondly, I 

strive for the highest-quality digital images. This criterion may seem similar to the 

science aesthetic criterion of image quality, but there is a crucial difference 

between them; in my case, the highest quality of the image is essential for the 

artwork’s production, as I intend for them to follow gallery standards in making 

quality prints. I believe that the very detailed images of desiccated drops of water 

generated by the SEM are worth interpreting through sophisticated artistic 

methods. Finally, the resemblance to topography is a criterion I have applied to my 

images but I have left them open to different interpretations in relation to water, 

chemistry, or sense of place. 

It is an interesting fact that scientists criticise the audience’s desire to find a 

resemblance of something in scientific SEM photomicrographs. As Hentschel 

points out 

They [popular media] have a naive reliance on the immediate, unbroken 
interpretability of these images as “molecular landscapes, mountains, cliffs, furrows, 
and strange desert formation”. Fundamental differences in the way images are 
generated are completely ignored. (Hentschel 2014, 317) 

For publishing purposes, scientists often aim to produce “beautiful” images with 

increasing details, false colour, etc. (Hentschel 2014). The image then becomes an 

icon and can be misinterpreted through traditional aesthetic criteria by the public 

“seduced into gross overinterpretation" (Hentschel 2014, 373). 

In some senses, such “misinterpretation” is desirable for artistic context. For 

example, in my project, creating a resemblance to topographical sites was 

intentional, an artist’s applied aesthetic criterion. It encourages seeing a horizon of 

meaning in the particular configurations of inherent features of water that was 
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previously unseen as well as referring to the creative ability of the viewer to 

observe water over and beyond the directly visible. 

Taken as accurate and proven, such “misinterpreted” images are the product of 

"bad" or "false" science. However, when the audience is encouraged to evaluate the 

aesthetic criteria and the new meaning associated with it, rather than the scientific 

information such images contain, then the justification and proof of their 

scientifically rigorous content are no more required: images start to tell their own 

unique story if they are conceived in an artistic context. 

5.2 New Perspective on the Indexical Status of Artistic Photomicrographs 

Made by the SEM 

This sub-section suggests another look at the problem of the artistic (aesthetic) 

approach to the use of photomicrography that is distinct from the scientific. In 

creating scientific photographs, the presence of the individual trace/view of the 

author-scientist is denied and ignored in terms that such photographs are 

supposed to be objective representations that purely support scientific outcomes. 

These photographs provide researchers with support when analysing a 

phenomenon or finding evidence for a hypotheses. However, an operator working 

with the SEM can leave traces of their individual decisions made during the 

manipulation of the image-making process. Such ‘traces’ can be seen as an index of 

the author of the image, which in turn, should be taken into account when 

analysing the scientific image and when evaluating the artistic use of the scientific 

image. 

For many years, indexicality has served to support notions of journalistic integrity, 

photographic fidelity, etc. (Schofield, Dörk, and Dade-Robertson 2013, 177). In 

photography, the most frequently discussed question of indexicality is over the 

emergence of the new paradigm of the digital era, when no photograph can be 

considered as an independent indexical register of reality. It may be suggested that 

most indexical photographs are scientific and journalistic, and are those “which 

enjoy the least critical success. The closer to life a photograph is, the less ‘artistic’” 

(Schofield, Dörk, and Dade-Robertson 2013, 177). 
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The SEM operates under principles specified by its nature/design; hence, it affects 

an image in its own way. As discussed in Chapter 3, the SEM is capable of 

generating its own traces by a specific way of producing an image (electron beam 

interaction with a sample placed in the chamber of the microscope) and by the 

supporting software's ability to make data marks. This sub-section suggests 

rethinking the indexical function of SEM photography and its potential for artistic 

uses. 

With no disrespect to the literacy of a professional microscopist in making images, 

working on SEM is a real-time process in which images are created as a result of 

instant decisions by the operator. In his fundamental text “Logic as Semiotic: The 

Theory of Signs”, Peirce (1955) draws attention to how a photographer’s decisions 

can be governed more by iconicity than indexicality: “Photographs, especially 

instantaneous photographs, are very instructive because we know that they are in 

certain respects exactly like the objects that they represent” (106). In these terms, 

SEM micrographs also rely on iconicity, not indexicality. However, an index, as 

defined by Peirce, is a category of sign that has some physical connection to its 

referent. He continues, 

But this resemblance is due to the photographs having been produced under such 
circumstances that they were physically forced to correspond point by point to 
nature. In that aspect, then, they belong to the second class of signs [indices], those 
by physical connection. (Peirce 1955, 106) 

Thus, the SEM can be argued as being capable of representing its own traces but 

through a specific way of producing an image and through the aid of scientific text 

information incorporated within the image. These traces, despite their reliance on 

knowledge and iconic resemblance, could be considered a form of index, because 

they have a physical, material connection to the SEM apparatus and the object 

being studied. 

In Chapter 3, I outlined how the SEM generates images rather than captures them. I 

also suggested in Chapter 2 that an “image in a digital form” is probably a more 

correct term than a “photograph” for an image made by the SEM. SEM 

photomicrographs are constructed out of pixels synchronised with a distribution 

map of the intensity of the signal being emitted from the scanned area of the 
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specimen (Goldstein et al. 1981). Thus, it is important to examine the process of 

image formation in relation to the imagery obtained by the SEM in modern 

microscopy, and then to apply the theory of indexicality to photomicrographs 

made by the SEM. 

The image formation in scanning electron microscopy consists of the scanning 

system, the signal detectors, the amplifiers, and the display (Goldstein et al. 1981). 

A physical, material connection of the SEM apparatus with the studied object is 

gained by the interaction of these four elements. 

During the imaging process, the energy exchange between the electron beam and 

the sample results in the reflection of high-energy electrons, the emission of 

secondary electrons and the emission of electromagnetic radiation, each of which 

can be measured by specialised detectors. The detectors interpret these signals by 

the algorithm and the resultant image appears constructed out of pixels. This 

algorithm is defined by each quantum of signal information but it is also 

implemented in the physical world in apparatus, computer, and screen (Goldstein 

et al. 1981). In some sense, the SEM apparatus interprets (transforms) signals and 

visualises signals. 

During the signal processing required for the final display, the operator can use 

different modes to manipulate the image contrast, because ‘good’ contrast is 

required for the analysis, in particular. The website of the SEM School at the Centre 

for Imaging and Analysis at the University of Cape Town provides an overview of 

the common modes of hard-wired signal processing needed to obtain “good” 

contrast. Importantly, they note: 

In most cases the unprocessed image contains enough ‘natural contrast’ for the 
operator to be able to extract useful information from the image. ‘Natural contrast’ is 
thought of as the contrast contained in the signal which immediately leaves the 
specimen/detector system’ this is an important concept for there is another form of 
contrast called ‘image contrast’ which is the contrast present in the image displayed 
on the visual and photographic CRTs. Signal processing techniques manipulate the 
natural contrast so that the eye can perceive information through contrast in the 
image. You see, if the natural contrast is either too low or too high then slight signal 
changes corresponding to important detail may be otherwise lost. (“Some Aspects of 
Signal Processing on a SEM” 2017) 
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They also state that 

Despite the fact that the natural SEM image is entirely an artefact, it should be noted 
that signal processing can greatly change the appearance of an image relative to that 
which might usually be expected, and therefore the SEM operator is under an 
obligation to state whether processing has taken place. (“Some Aspects of Signal 
Processing on a SEM” 2017) 

Authors providing some aspects of signal processing state that it is “a great 

inherent advantage in that the video signal can be manipulated and processed 

before being recorded” (“Some Aspects of Signal Processing on a SEM” 2017). 

Considering such a position, it may be suggested that such images cannot be 

objective representations of reality. The operator enables different methods of 

signal processing and is capable of affecting the final display of the image. 

Therefore, SEM photomicrographs can be seen as an index of not only an object of 

study but also of a unique and subjective author who operates the microscope 

device. Making pictures should be considered more as an indexical decision made 

by the operator rather than as an index of what was in the chamber of the 

microscope. 

Although the implication of indexicality was widely discussed in photography and 

cinema (Gunning 2007; Krauss 1977; Doanne 2007) and in analogue and digital 

video (Verdon 2016), and that some studies suggest discussion of data 

visualisation by adapting theories of indexicality (Schofield, Dörk and Dade-

Robertson 2013; Holschbach 2012), little research has been undertaken on the 

indexicality and image formation in scientific electron imaging devices. 

In its artistic application, SEM photography remains in some senses indexical but 

the notion that mechanical images can be objective representations of reality is 

deeply flawed. Artists working with the SEM can suggest their thoughts about the 

subject through a few ways of representing the images, through the manipulation 

of the image-making process, and through advanced scientific and digital 

technologies which contribute to their intention. 

To sum up, SEM photomicrographs have a connection to their subjects (samples) 

because they are created through the interaction of electron beams with the 
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sample, but the model of the “sample–electron beam–signal–operator” connection 

implies that the concept of “indexicality” maybe be deepened, or another definition 

may be sought, because there are no previous attempts to determine the indexical 

function of SEM photomicrography in this context. 

5.3 Water Ecological Issues as the Focus of Arts-Based Science 

Communication 

Collaborative practices of science and contemporary arts are capable of addressing 

some complex critical issues, such as climate change, biodiversity degradation, and 

water contamination, as well as of responding to urgent social and eco-political 

challenges and communicate them to the general public beyond both the gallery 

and the laboratory.  

The arts sector has the potential to communicate ecological issues to the general 

public through art. James Gustave Speth, an American environmental lawyer and 

advocate, once said: 

I used to think that top environmental problems were biodiversity loss, ecosystem 
collapse and climate change. I thought that thirty years of good science could 
address these problems. I was wrong. The top environmental problems are 
selfishness, greed and apathy, and to deal with these we need a cultural and spiritual 
transformation. And we scientists don’t know how to do that. (quoted in Wilson 
2013, 35) 

Joint practices, where social meaning and a greater sense of awareness about 

water sustainably are created by artists and scientists are responding to the 

ecological changes. For instance, a collaboration of science and art might give much 

more potential for investigation and discovery. This may involve new ways to 

analyse our surroundings more critically through numerous methods of seeing 

that combine science and art holistically (Curtis 2011). 

Widespread industrialisation and the increasing demands of a growing urban 

population affect every place in the world. Many collaborative projects, whether 

initiated by artists, scientist or environmental groups, are connected to a sense of 

place. They arise from local concerns on polluted waters, soil erosion, habitat 

destruction, and restoration of post-industrial and resource extraction sites. Such 
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projects build an interconnected network because these local concerns are 

universally linked (Carruthers 2008, 8). 

Water is the foundation of life and its quality and quantity are among one of the 

biggest environmental, cultural and political issues of the twenty-first century. The 

merge of scientific analytical methods with the inspirational power of art and 

community involvement may transform our relation to water as well as help to 

restore and protect living water systems.  

The problem of reasonable water management is a prominent focus of arts-based 

science communication across the globe, and is being addressed through a diverse 

array of collaborative platforms, such as Keepers of the Waters (US), Water Wheel 

(Australia), Eawag Aquatic Research (Switzerland), Art and Water Research 

Laboratory (France), among others. They all demonstrate how art-making and 

artistic processes can help participants to better understand each others’ values in 

the context of changing social and ecological conditions. 

They encourage the collaboration of environmental sciences, the arts, and 

communities to design new interdisciplinary approaches to education, research, 

and collaborative community endeavors. Explaining such an approach for their 

mission, Keepers of the Waters states on its website: 

Science is the base of information that people need to understand the issue; Art is 
the means of communication and inspiration; Community involvement brings in all 
those who wish to restore and preserve water quality. Blending these disciplines 
helps to make the natural process of water treatment both visible and integrated 
into daily life and culture. (Keepers of the Waters 2017) 

The science communication of ecological and environmental issues is often seen to 

focus on mainly educational purposes. Nowadays, arts practices are employed as 

tools for communicating science in science-themed museums and other settings. 

For example, the recent movement “STEAM” (science, technology, engineering, art, 

math) proposes to fuse art with the STEM disciplines in teaching.  

Alan J. Friedman, a physicist and a consultant for museum development and 

science communication of the New York Hall of Science, urges us to view with 

caution the challenge of combining art and science in educational enterprises, 
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especially considering some important differences between STEM and the arts. In 

his article, titled “Reflections on Communicating Science through Art”, he explains:  

There are deep, essential differences between STEM and the arts. Two of those key 
differences are:  

Difference 1: Two systems for measuring what's good and what's not. 

In STEM there are clear, rigorous methods of verifiability. For example, an idea in 
science must be “falsifiable.” Built into the scientific proposition must be a way to 
show how it could be tested and found wanting. There is nothing remotely like this 
test of value in the arts. Deciding what's good and what's not in the arts has a 
different kind of “verifiability”—a more subjective, changing notion of creativity and 
insightfulness. That flexibility over time and culture is one of the great strengths of 
the arts, but it does not relate to the standards we require in STEM. 

Difference 2: STEM ideas must be completely replicable, whereas the arts celebrate 
uniqueness. 

If other STEM practitioners cannot soon reproduce the same results using the same 
ideas, those ideas are rejected. The arts have quite the opposite criterion: 
Uniqueness is highly desirable and increases value, while easy replicability is 
undesirable… (Friedman 2013, 3–4) 

Art can be employed as a science communication tool in a broader context. 

Moreover, the arts are capable of changing the scientific context in communicating 

environmental problems. But most importantly, they suggest a participatory, 

community-based approach, where artists, scientists, educators and the audience 

become collaborators or makers of art. This can be a more effective way than using 

models of explanation, when knowledge is disseminated by science experts to the 

public, for example, through engaging audience experiencing the lack scientific 

understanding (Evans in Lesen et. Al. 2016). 

In her article titled “Seeing Is Questioning: Prompting Sustainability Discourses 

through an Evocative Visual Agenda”, Dana C. Thomsen suggests that responses to 

social-ecological change can be achieved through the use of photography, which 

“can appeal to the viewer’s emotions in many different ways” (Seppänen  and 

Väliverronen quoted in Thomsen 2015). In particular, photographs depicting 

ecological disasters can communicate environmental issues because it offers 

emotional responses to outcomes and thereby activate the imagination that calls 

action or behaviour change (Thomsen 2015). 
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The biggest disadvantage of scientific imagery responding to problems such as 

climate change is that they can often be seen as decontextualised images of 

environments. Maps and info-graphics can also be abstract visualisations; for 

example, temperature graphs and world maps. Similarly to scientific imagery, 

photography depicting impacts of climate change through visual icons such as 

glacial landscapes, forest fire, and droughts can be “spatially, temporally, and 

personally removed from most viewers’ immediate contexts” (Hansen and Machin, 

Schneider, O’Neill in Thomsen 2015). 

Summarising this concern, Thomsen states that 

Such disconnects indicate that the use of familiar imagery with pre-existing 
narratives may be insufficient in generating responses to social-ecological change in 
which change processes are contested uncertain, complex, or invisible. (Thomsen 
2015, 2) 

Exploring the scientific imaging process and what it is capable of offering to my 

project, I have focused on the advanced technological ability of the SEM to depict 

invisible properties of water and what they can signify. This can be seen as mostly 

about image accuracy and realism, but I have also focused on the cross-disciplinary 

collaborative practices of science, contemporary arts, ecology, and community 

engagement to bring new perspectives on water and its significance. This is hardly 

a new development: the role of artist as catalyst, critic, and educator has often 

been prevalent. In the report Mapping the Terrain of Contemporary Ecoart Practice 

and Collaboration. Art in Ecology: A Thinktank on Arts and Sustainability, 

commissioned by the Canadian Commission for UNESCO, Beth Carruthers points 

out that 

…environmental groups and scientists increasingly look to artists for collaboration, 
many contemporary artists are just as frequently turning to scientists and ecologists 
for their detailed analysis of our interdependent world. As collaborators in artistic 
projects, ecologists and scientists provide in-depth research about, and a 
sophisticated understanding of, the interconnectedness of natural systems that can 
prove inspirational and efficacious in the design and implementation of EcoART 
works. Artists working in the contested and critical zone of EcoART perceive 
scientists as natural collaborators. They value the structure and process of the 
sciences, and the wealth of expertise and knowledge that scientists bring. 
(Carruthers 2008, 5) 

From these perspectives, my project provides an exemplar of a new creative 

practice of artistic SEM photomicrography and how this contributes to building a 
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framework for dialogues between art, science, the public, and authorities about the 

ecological management of water. 

Chapter 6: Conclusion 

Not every image is art, and art is far more than just an image. Originally a technical 

discovery, photography has been widely used in almost all fields of human 

activities, acting as a research tool and as a form of artistic practice. We are living 

in contemporary times which require ‘new’ interpretations of scientific 

photographs and attitudes toward them. Today, the scientific image is an extensive 

aspect of photographic practice, as photomicrographic equipment and techniques 

are used for capturing, storing, and analysing information for a variety of tasks in 

all areas of science and technology. The practice of photomicrography reveals and 

explores a set of interrelated features that underlie our whole environment. 

The visual arts have become a powerful tool for alternative approaches to scientific 

outputs, but it is crucial that both science and art cultures are aware of their 

interdisciplinary capabilities and limitations. It is necessary to differentiate 

between images captured by devices designed as resources for scientific 

investigation and images that exploit the ‘visual elements’ of scientific images. A 

great example of a device designed for scientific exploration is the Scanning 

Electron Microscope (SEM), which was introduced to scientific research in the 

mid-1960s. Images produced by the SEM are beyond light; captured by a focused 

beam of electrons, they are not photographs. The apparatus tries to recreate a 

reality that is not a visual phenomenon, which scientists then try to analyse 

through its visual representation: the photomicrograph. My research proposes that 

certain images made by the SEM can have aesthetic value apart from that of 

scientific documentation. The use of artistic manipulations in experiments with the 

SEM fuses science and technology with art, and the SEM-based images that result 

provide a new meaning for scientific photomicrographs. 

The primary purpose of this research was to show that the artistic use of SEM-

made photomicrography can shift the visual outcomes of scientific 

photomicrography to function within the context of art. Drawing on literature, 
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visual analysis, and theoretical findings, it was possible to develop my artistic 

practice using the SEM to visualise the microworld of water. As Breger (1995) 

states, the microworld exists beyond our cognition; its beauty is hidden but it can 

be explored using appropriate tools, such as the SEM.  

Not many people have access to complex research technologies that can widen 

their daily experience such as the SEM. Mostly, people passively receive scientists’ 

dry results and the interpretations they are exposed to. At the moment, the SEM is 

the only tool that allows us to see microscopic objects as we would if they were 

normal size (Breger 1995). 

Water is the main subject of my doctoral research project. During my 

experimentation with the water droplets collected from different aquifers, I 

aligned the scientific method of revealing water composition (the so-called ‘Coffee 

Drop Effect’) with my artistic practice. A unique connection between evaporation 

and solidification allowed me to experiment with this process and to employ 

scientific methods of water analysis to create artistic images using the SEM. 

My visual artworks consists of a photomicrographic series depicting the nature of 

water (water chemistry), which is invisible to the naked eye, through using the 

SEM. Utilising the phenomenon of drop evaporation, SEM photomicrographs of 

water droplets are capable of visually representing features related to water 

composition and, in some cases, the contamination of water. However, it was not 

the purpose of this research to claim that the created images of water after 

evaporation are scientifically valid forms of documentation; rather, this research 

takes an aesthetic approach to scientific photomicrography.  

This exegesis has shown that my SEM-made images of water, which are re-

contextualised in an aesthetic framework, can be perceived as representing the 

narratives of their origin. I demonstrated that an artist working with advanced 

scientific and digital technologies can offer new ways of representing their 

thoughts. I found that the SEM, when used as an artistic instrument, is capable of 

revealing an artist’s intuition, choice, knowledge, and cultural background. 

Through different manipulations, this tool allows artistic interpretation of 

scientific methods of producing photomicrographs, and that is how scientific 
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photomicrographs made by the SEM transmigrate from science into the domain of 

art and serve artistic purposes. 

My artistic intervention into a scientific process through experimenting with the 

SEM was a way to find out what different things my images could reveal about 

water to a viewer. There was an opportunity to explore some concerns related to 

the environmental impact of water pollution in an artistic context; that is, to draw 

attention to water issues, as well as to communicate the significance of water. 

Both art and science are inherently experimental. Carruthers points out that cross-

disciplinary collaborations between artists and scientists can bring new 

perspectives on the challenging problem of ecological water management: 

It might seem at first blush that artists and scientists approach the world in very 
different ways. In popular culture, the former might be stereotyped as frivolous and 
disconnected from the “real world”, and the latter as unimaginative and concerned 
only with “hard facts”. Like most stereotypes, these are doomed to inaccuracy. In 
reality, the two have much in common, and where they do not, they can be most 
complimentary. Environmental philosopher Allen Carlson for instance, claims that 
one can have aesthetic appreciation of the environing world only through science, 
i.e., through understanding how things work together beautifully in natural systems.

(Carruthers 2006, 4)

To contribute to the theory and practice of communicating ecological issues 

visually, I explored the potential of SEM photomicrography in representing 

unfamiliar structures of water and provoking aesthetic and emotional responses in 

viewers through connecting them with ecological water issues in new, meaningful 

ways. 

In my literature and visual review that comprised Chapters 1 and 2, I analysed 

interdisciplinary research in the fields of rhetoric, art, science, and communication, 

exploring how different messages can be conveyed through scientific images. I also 

discussed the implications of the digital era on the indexical status of photography 

which has been undermined by computerised imaging processes; and the influence 

of digital technology in representing data in science. Exploring the ambiguous 

nature of photography, and scientific photomicrography in particular, it was 

possible to show that scientific images can convey different meanings if seen in 

different contexts. Discussing Santayna, Scruton, Alward, Lopes, Weston, Singer 
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and Newbold, I concluded that photomicrographs made by the SEM can be 

considered as representational art and are capable of conveying aesthetic meaning 

if an artistic intention was expressed in the process of producing them.  

Considering the writings of Peirce, Barthes, Sekula, Burgin, Koobatian and others, I 

argued that indexicality may be considered as an ontological condition of the 

photographs made by the SEM. Analysing Galassi, Ritchin, Breger, Echlin, Green 

and Lowry, Sutton, and Mitchell, I claimed that the ability of SEM 

photomicrography to record and convey accurate information is deeply flawed due 

to the digitalisation of the process. Additionally, my work has required significant 

involvement from the SEM operator (me) in the production of the 

photomicrographs, undermining any belief in a truthful, objective representation 

of reality via these means. 

Subsequently, I discussed the popular trend of combining art and science as a joint 

practice of visual representation of artistic outcomes through photography, and 

photomicrography in particular. This trend indicates that the arts are 

complementary to what scientists do and may be useful, although the debate 

regarding the ability of the photographic scientific image presented in the artistic 

context to serve science and vice versa generates skepticism within the scientific 

community. Regardless, the implications of the ambiguity of scientific 

photomicrography can create new insights into the challenges of working with 

images made by the SEM in any context. 

I have also presented a visual survey of scientific imagery displayed in an artistic 

context. Considering the practice of pioneers of photomicrography (Talbot, 

Blossfeldt, Bentley, Moholy-Nagy, Renger-Patzsch, Painlevé, and Kepes) and 

contemporary artists (Fährenkemper, Frankel, and Oeggerli) it was possible to 

analyse the broad spectrum of possible applications of photomicrography in art, 

science, and pedagogy. I have also considered a few artistic practices of digital and 

computational applications to photography, painting, and technology (Burg and 

Beck, Vrellis, teamLab) and explored creative coding, a popular tool of digital 

artists widely used for the creation of art installations, projections, sound art, and 

much more. 
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In Chapter 3, I provided a detailed explanation of the principles of working with 

the SEM and discussed the ambiguous nature of imagery produced by this 

apparatus. It was possible to show the challenges of interpreting SEM images as 

pictures because the microscopic sample seems as if it is illuminated by the 

detector and observed in the eye aperture. Images made by the SEM are beyond 

light because the process of producing a picture is camera-less; captured by a 

focused beam of electrons, they are not photographs in the classic way that we 

perceive photography. I have also illustrated concerns about mechanical 

objectivity in representation by the SEM. Through examples of manipulations, such 

as sample preparation or adjusting the SEM and its in-built software settings, it 

was possible to illustrate that they can affect the resulting image and offer different 

interpretations of the same sample.   

I then presented the drop evaporation technique, which was first mathematically 

described by Robert D. Deegan (1997) as a natural model for studying the 

dynamics of self-organising processes. The evaporation of droplets of different 

suspensions often leads to the formation of complex structures, such as rings, 

fractals, and hexagons, among others (Kokornaczyk et al. 2011). The structures of 

dried drops can demonstrate the phenomena of the self-organisation of 

compounds dissolved in fluids; and SEM-made images of such features are capable 

of visually representing water composition. Having explored this phenomenon, I 

employed the method of evaporation in my artistic practice. 

I have also experimented with a whole range of possible manipulations to images 

generated by the SEM. For example, altering the photomicrograph using digital 

computer manipulations has allowed me to create an image from a number of 

combined layers of the scanned object, a method which significantly increases the 

size of the digital file and enables a high quality print suitable for exhibition.  

In Chapter 4, I provided detailed descriptions of the water sample collection 

methods I used during my water-monitoring trip along the whole length of the 

Mooloolah River. My collaboration with Mooloolah River Waterwatch and 

Landcare Inc. allowed me to use professional water-quality monitoring equipment 

to analyse the Mooloolah River’s water condition. While such field trips were 
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invaluable, working on my project mostly included experimentation in the 

laboratory with collected water samples from particular sites and image 

manipulations. In this chapter, I outlined details of the work flow and production 

processes undertaken in the laboratory and studio during this research.  

I discussed my artworks that employ two kinds of medium: still photomicrographs 

and interactive digital installations. But it must be acknowledged that the 

interactive images only touched the surface of interactive possibilities. Using facial 

recognition technique or movement sensors incorporated with the installation in 

application to image displayed is the another way that the images might be made 

interactive in the future. 

I have explained the significance of my research-based project and its aims to draw 

attention to the quality of water through engaging photomicrographs. I 

emphasised that there is no life without water. Some properties of water make it 

unique among compounds as well as make it possible to function for all forms of 

life. Water is also unique because it is the only natural substance found in all three 

physical states at the temperatures that occur naturally on Earth. In the last couple 

of centuries, our planet’s water systems have been greatly affected by humans. Our 

relationship to water is among the most pressing issues for science and technology 

today. The health and well-being of present and future generations depend on how 

quickly and well it will be solved. 

My work in the field of photomicrography aims to expand human visual 

vocabulary, revealing principles of beauty which are typically difficult to otherwise 

access. Thus, my artistic intention is to expand the visual representation of the 

composition of water, its chemical features, and their patterns after evaporation. 

My aims are to also communicate issues related to the ecological management of 

water and to raise and deepen responsible attitudes towards consuming and 

managing water resources. 

In this exegesis, I have also provided critical reflection on my doctoral project and 

its aesthetic quality informed by the feedback on my work I received during my 

exhibitions, artist talks, and dialogues. One criticism may be that it might seem 



144 

unclear how particular photomicrographs of water can help to communicate 

ecological issues of water. The main difficulties in communicating such issues 

through photomicrography are due to the limited engagement and meaningful 

adaptation of scientific information they contain, especially considering the 

complex ecological problems of water. 

 Also, the unfamiliar SEM-based images may be perceived as disconnected from the 

viewers’ personal experiences of water. However, my images are intended to 

complement the other activities I have undertaken throughout this research in 

order to achieve my goals. For example, I have embarked on collaborations with 

scientists and eco-activists, and presented my research goals and findings through 

educational seminars and other forms of community engagement.  

In Chapter 5, I discussed the high risk of misinterpreting images created by the 

SEM in science, which is sometimes desirable in an artistic context. For example, in 

my project, creating a resemblance to topographical sites was intentional, as it 

encourages seeing a new meaning in photomicrographs of water and its features 

that was previously beyond the directly visible. I argued that through applying 

aesthetic criteria to SEM-made images, it is possible to turn SEM 

photomicrographs into art. In other words, I demonstrated that the SEM, when 

used as an artistic tool and a medium, is capable of serving creative and artistic 

purposes. 

Consequently, I have described a new perspective on the aesthetic approach to 

using photomicrography in terms of its indexical status. The presence of the 

individual trace/view of the author-scientist is often ignored because the 

photographs they produce are supposed to be objective representations of a 

scientific investigation in question. I have suggested another way of perceiving the 

indexical status of artistic photomicrographs made by the SEM by highlighting that 

SEM photomicrographs are and remain a trace of an object in the chamber of the 

microscope. But the fact that a given photo is a trace does not mean that viewers 

will be familiar with what he or she sees in scientific images, or even understand 

that it is an indexical sign.  
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Thus, I have used captions and other supplementary materials during exhibitions 

(e.g. didactics and an installation of my laboratory work space, etc.) in order to 

explain what the photographed trace is pointing toward, because the images still 

need interpretative support in order to be understood in the way I desire. In his 

essay titled “The Art of Pointing. On Peirce, Indexicality, and Photographic Images”, 

Martin Lefebvre states that 

Yet indexicality only becomes important when a sign (a photograph) is interpreted 
in such a way that its epistemic value is understood to rely chiefly on its existential 
connection to what it stands for. (2007, 222) 

I have also shown that the SEM is capable of representing its own traces through a 

specific way of producing an image and through the aid of scientific text 

information (meta data) incorporated within the image. Furthermore, I have 

suggested that SEM photomicrographs have a connection to their subjects 

(samples) because they are created through the interaction of electron beams with 

the sample. But I also have implied that the individual decision made by an 

operator working with the SEM effects the results (photomicrographs) through 

manipulations of the image-making process. In this case, the model of the “sample–

electron beam–signal–operator” means that the concept of ‘indexicality’ may be 

expanded, and/or another term may be found, because there are no previous 

definitions which determine the indexical function of SEM photomicrography in 

this context. 

During this project, I have placed (both virtually and physically) scientific images 

into a ‘hostile’ artistic environment. In the gallery space, the significantly greater 

scale of photomicrographs, their impeccable details, the artistic materials used, 

and the digital, still and interactive modes of presentation uncover the novel 

artistic potential of the scientific image. This leads to the image being disconnected 

from pure data and objectivity and allowing the viewer to perceive it as art, 

helping them to interpret photomicrographs of water in different ways. Most 

importantly, through these images, I hope to uncover the horizon of meanings 

previously unseen.  
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Appendix I: Photo Documentation of the final Exhibition H2O+ 

Installation views   Queensland College of Art – Pop Gallery 
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Appendix II: Anastasia Tyurina’s Artwork Series Watermarks 

Anastasia Tyurina, Watermarks Series, 2015 – 2016 

Brisbane River, 2015, photomicrograph, 42cm x 60 cm 

Brown Lake, 2015, photomicrograph, 42cm x 60 cm 
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Cleveland Point, 2016, photomicrograph, 42cm x 60 cm 

Cylinder Beach, 2016, photomicrograph, 42cm x 60 cm  
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South Bank, 2015, photomicrograph, 42cm x 60 cm 

Rainwater, 2015, photomicrograph, 42cm x 60 cm  
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Mount Gravatt Pond, 2015, photomicrograph, 42cm x 60 cm 

Garden Pond, 2015, photomicrograph, 42cm x 60 cm  
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Eucalyptus Oil, 2015, photomicrograph, 42cm x 60 cm 

Hail, 2015, photomicrograph, 42cm x 60 cm 
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Appendix III: Source Code of Ripple 

PImage img; 
Ripple ripple; 
int maxHeight = 1080; 

void setup() 
{ 
    img=loadImage("C:\\Temp\\photo.jpg"); 
  double ratio = img.width*1.0/img.height; 

  if(img.height>maxHeight) 
  { 
    img.resize((int)(ratio*maxHeight),maxHeight); 
  } 
  surface.setSize(img.width,img.height); 
  ripple = new Ripple(); 
  frameRate(60); 
} 

void draw() { 
  loadPixels(); 
  img.loadPixels(); 
  for (int loc = 0; loc < width * height; loc++) { 
    pixels[loc] = ripple.col[loc]; 
  } 
  updatePixels(); 
  ripple.newframe(); 
} 

class Ripple { 
  int i, a, b; 
  int oldind, newind, mapind; 
  short ripplemap[]; // the height map 
  int col[]; // the actual pixels 
  int riprad; 
  int rwidth, rheight; 
  int ttexture[]; 
  int ssize; 

  Ripple() { 
    // constructor 
    riprad = 20; 
    rwidth = width >> 1; 
    rheight = height >> 1; 
    ssize = width * (height + 2) * 2; 
    ripplemap = new short[ssize]; 
    col = new int[width * height]; 
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    ttexture = new int[width * height]; 
    oldind = width; 
    newind = width * (height + 3); 
  } 

  void newframe() { 
    // update the height map and the image 
    i = oldind; 
    oldind = newind; 
    newind = i; 

    i = 0; 
    mapind = oldind; 
    for (int y = 0; y < height; y++) { 
      for (int x = 0; x < width; x++) { 

 short data = (short)((ripplemap[mapind - width] + ripplemap[mapind + 
width] + 

   ripplemap[mapind - 1] + ripplemap[mapind + 1]) >> 1); 
 data -= ripplemap[newind + i]; 
 data -= data >> 5; 
 if (x == 0 || y == 0) // avoid the wraparound effect 
   ripplemap[newind + i] = 0; 
 else 
 ripplemap[newind + i] = data; 

 // where data = 0 then still, where data > 0 then wave 
 data = (short)(1024 - data); 

 // offsets 
 a = ((x - rwidth) * data / 1024) + rwidth; 
 b = ((y - rheight) * data / 1024) + rheight; 

 //bounds check 
 if (a >= width)  
   a = width - 1; 
 if (a < 0)  
   a = 0; 
 if (b >= height) 
   b = height-1; 
 if (b < 0)  
 b=0; 

 col[i] = img.pixels[a + (b * width)]; 
 mapind++; 
 i++; 

      } 
    } 
  } 
} 
void mouseDragged() { 
 for (int j = mouseY - ripple.riprad; j < mouseY + ripple.riprad; j++) {
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    for (int k = mouseX - ripple.riprad; k < mouseX + ripple.riprad; k++) { 
      if (j >= 0 && j < height && k>= 0 && k < width) { 

 ripple.ripplemap[ripple.oldind + (j * width) + k] += 512; 
      } 
    } 
  } 
} 

void mouseClicked() { 
  for (int j = mouseY - ripple.riprad; j < mouseY + ripple.riprad; j++) { 
    for (int k = mouseX - ripple.riprad; k < mouseX + ripple.riprad; k++) { 
      if (j >= 0 && j < height && k>= 0 && k < width) { 

 ripple.ripplemap[ripple.oldind + (j * width) + k] += 512; 
      } 
    } 
  } 
} 




