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300 Word Statement

Scales of resistance is a piece of practice-based research by Daniel Alexander, working in collaboration with scientists at the
University of Nottingham. The 7.51 minute film was scripted and directed by Alexander, and created in collaboration with the 3D
imaging studio Scanlab Projects. It was exhibited at the Royal Society Summer Exhibition in July 2019.

Scientists developing bacteria resistant surfaces to combat antibiotic resistance were producing image data recording the behaviour
of bacteria. This data would normally be presented to the public as 3D false colour illustrations. The scientists reported that this
made the data seem less real to their audiences, and carried associations of cartoons, creating barriers to engagement.

Alexander comes from a photographic practice and wanted to research the possibility of operative images produced by ‘seeing
machines’ such as microscopes, LIDAR scanners, Satellites etc to tell stories.

This project investigated and developed methodologies for visually communicating scientific information to the public, without
resorting to illustrative imagery, and researched the possibilities of re-purposing operative images for narrative means.

A two-year process of bid development identified the key scientific information to be communicated, and established a
methodology of using architectural visualisation software to locate images captured at micro and macro scales in accurate spatial
relationship to one another.

In grant public engagement funding from EPSRC and Wellcome Trust grants enabled the production of the film, which was created
over a four-month period, involving close collaboration between the researcher, the scientists and the film production studio.

The film utilises the concept of the zoom to move a viewer through environments they are familiar with, into the human body then
up to space. The use of original operative images maintains an indexical relationship to the environments depicted - a significant
development from the usual reliance on illustration to communicate scientific concepts.



The Output

Scales Of Resistance: 07:51min

Director: Daniel Alexander

Research and Script: Daniel Alexander

Film Production: Scan Lab Projects

Sound Design: Kaspar Broyd @ String and Tins

Watch Scales of Resistance here:
https://scalesofresistance.info


https://scalesofresistance.info/
https://scalesofresistance.info

Sharing the Output: Exhibition of film and the online dissemination.

Film exhibited at the Royal Society Summer Exhibition 2019 Film exhibited on the Super Biomaterials stand Project page at the on the UON webpage

The film was part of the Superbiomaterials to fight super bugs project Project report on the Centre for the Study of the Networked Image Dedicated project website



Sharing the Output: Royal Society Summer Exhibition: Impact study

https://www.nottingham.ac.uk/research/groups/biomaterials-discovery/news/2020/impact-royal-society-summer-science-exhibition2020.aspx

The funding for this project came from in-grant
public engagement funding from the Wellcome Trust
and the EPSRC. The scientists are the University of
Nottingham were interested in using this funding

to explore ways of communicating with the public.
The film that | made was part of an exhibition at

the Royal Society Summer Exhibition in 2019. The
study reported to the left assessed the impact of the
exhibition on school pupils understanding of the
science.



The Collaboration

Daniel Alexander was the lead researcher on this project, and brought together
the collaborators. Daniel is an Associate professor at London South Bank Uni-
versity. He is a researcher, photographer, designer and film maker. Daniel collab-
orated with the scientists to identify how to best communicate their research,
and how to contextualise the work they were doing within the global spread of
antibiotic resistance.

Daniel then worked collaboratively with Scan Lab projects to develop a visual
methodology that enabled the scientific data to be combined with other opera-
tive images across different scales.

Prof. Paul Williams and Prof. Morgan Alexander hold a joint Senior Investigator
Award to investigate why bacterial slime cities (biofilms) form on some materials
but not others. Polymers discovered via a Wellcome Trust Translation Award

are about to enter the clinic to help prevent catheter associated urinary tract
infections caused by antibiotic resistant bacteria. The development of these
polymers to coat medical devices and future materials emerging from the new
scientific insights obtained provide examples of biomaterials development from
discovery through translation to clinical use and mechanistic elucidation.

The joint Senior Investigator project is a multi-disciplinary programme using
bacterial genetics and genomics alongside imaging mass spectrometry and ad-
vanced 3D microscopy to track individual bacterial cells as they explore surfaces
and make decisions about whether to stick and develop into mature antibiotic
resistant biofilms.

This research is supported by the Wellcome Trust and the Engineering and
Physical Sciences (EPSRC) research council.

ScanlLAB Projects are a creative studio who use 3D LIDAR scanning and pho-
togrammetry to create 3D digital environments. Trained as architects they
combine image creation with an ability to work in 3D spatial software, more
commonly used for architectural visualisations. On this project they are collab-
orating with Daniel Alexander on the creation of the film.



The research objectives:

Silicon Rubber Surface

Data to be communicated.

Surface coated with Bactagon

The Scientific Research:

The scientists involved in this project are developing materials that bacteria do not stick to. The
application of this research will be for coating medical devices that are implanted in the human
body, to reduce the instance of infection.

Global Context:

Many bacteria are developing resistance to antibiotics which until recently were the main
defence against bacterial infection. Worldwide, antibiotic resistance causes 700,000 deaths

per year, and it has been predicted that by 2050 this number could rise to 10 million deaths per
year, unless urgent and effective action is taken. This means other ways of combating bacterial
infection are needed.

Image Data:

The scientists study the behaviour of bacteria using scanning electron microscopy (SEM) and
Differential interference contrast brightfield microscopy (DIC). SEM imagery produces highly
detailed still images, where DIC enables rapid capture of many still images that can then be
sequenced into moving image films.

The examples:

In these examples bacteria are forming biofilms in the left hand column, which overwhelm
phagocytes, which are part of the bodies immune defence. In the right hand column ‘bactagon’
the material the scientists have discovered coats the surface and prevents biofilm formation. In
the final image a phagocyte can be seen eating the bacteria.



Research objectives: Developing an alternative to illustrative visualistaions.

The problem we was trying to solve was how to The images here have been purchased from an image
communicate the scientific research without library and provide examples of a common way
resorting to illustrative visualisations. The aim of the in which the image data included on the previous
research project was to develop methods for using slides are visualised. These images are illustrations of
the original scientific imagery, which has a direct, bacteria, which take the form of bacteria and apply
indexical, link to what is being imaged, and enable it false colour to create pictures that can be used

to be understood by the public. to explain how bacteria behave in the body. The

scientists had identified that this style of imagery
has an unreal feel to it, and creates some distance
between the real world and its representation.



Research context: Building on a history of science photography.

In developing a methodology for approaching the ‘I wanted to combine science and photography in a
data we explored the idea of imaging as opposed sensible, unemotional way. Some people’s ideas of
to visualisation, in which the images have an scientific photography is just arty design, something
indexical relationship to the object imaged, where as pretty. That was not the idea. The idea was to
visualisations are non indexical representations of the interpret science sensibly, with good proportion,
object. Examples of imaging in photography include good balance and good lighting, so we could
Berenice Abbott’s strobe photographs that image understand it.”

how light and motion work. Quote attribute to Bereanice Abbott



Research context: Building on a history of science communication

Our methodology built on to the work with scale

that the 1977 Eames film Powers of 10 had done. Here
they applied the idea of moving into the body and
out to the globe, using animated models to represent
the scales that could not be imaged. We built on this
idea of the zoom in and out by using real, operative,
image data at all levels and by applying this method
to communicate a specific narrative.



Research context: Building on a history of science communication

Earthrise, William Anders, Apollo 8, 1968 The Blue Marble, the crew of Apollo 17,1972

The visual method was developed to make reference
to images which are part of a shared visual history,

in order to reference ideas associated with these
images. The photographs of the earth from space are
associated with a moment in history when people
were able to see themselves as part of a global
collective and consider the idea of taking global
climate action. The film references these images at
the point when it is discussing the global impact of
antibiotic resistance.

Whole Earth Catalogue, 1968



Process: image capture at additional scales.

The process of creating the film involved identifying
the range of scales that were needed to position the
scientists research data, within the global context

of antibiotic resistance. Once these scales were
identified we then had to capture images at each

of these scales, using methods appropriate to the
methodology we were developing, of only using
operative, not illustrative imagery. This sketch was the
starting point of this research.



Process: image capture at additional scales.

SEM imaging of venous catheters.

Here a scanning electron microscope is used to scan
intravenous catheter surfaces, on uncoated and one
coated with bactagon. These scans show the contrast
between the textured surface of the uncoated
surface and the smooth texture of the coated surface.
These scans were created specifically for the film,

in order to show the surfaces on which the bacteria
would interact inside the body.



Process: image capture at additional scales.

Arm, Daniel Alexander

Photographic imagery of an arm.

Here macro photography is used to photograph

the skin of an arm, at the site that a venous catheter
would be inserted. Photography is used at this scale
as it provides a link to the familiar, by depicting the
skin through a medium an audience is used to seeing
used for this purpose.



Process: image capture at additional scales.

LIDAR scanning of hospital transmission experiment

Here the scientists, Daniel Alexander and Scan Lab
projects collaborated on an experiment, carried out
in Nottingham Universities teaching hospital. Health
care workers had their hands coated with a UV gel
before carrying out routine patient examinations.
After each examination UV light was used to view
where the main touch points were, and how well the
health care workers had washed their hands prior to
carrying out the examination. Photogrammetry and
LIDAR scans were created of the ward, recording the
points where the gel had transferred from hand to
surface.

Lidar Scanning enables a 3D image to be made of a
space, and is used at this scale as it allows us to map
the spread of bacterial through the ward.



Process: image capture at additional scales: Lidar Scans of Hospital Transmission



Process: image capture at additional scales: Lidar Scans of Hospital ward, with lines plotting the fly-through of the camera.



Process: image capture at additional scales: Mapping sites of antibiotic resistance: Cities, Farms, Rivers

Satellite Imagery of Cities, Farms and Rivers.

Starting from the research lab in Nottingham

Daniel Alexander identified locations worldwide

that could be used to tell the story of the spread of
antibiotic resistance and explain the causes. Drawing
on research papers that investigate the impact of
antibiotic use in animals, and the pollution of rivers
with antibiotics, locations were then identified and
satellite images downloaded.



Process: image capture at additional scales: Mapping sites of antibiotic resistance: Cities, Farms, Rivers

Clobal Database for Antimicrobial Resistance Country Self Assessment



Process: image capture at additional scales: Mapping sites of antibiotic resistance: Cities, Farms, Rivers

Spain, Madrid Mexico, Mexico City USA - McElhaney Feedlot USA - Coronado Feedlot

New Zealand - Five Star Beef Feedlot England, The Thames River Iraq, Tigris River India, Yamuna River



Process: image capture at additional scales: Mapping the spread of NDMT, an antibiotic resistant infection

Global spread of antibiotic resistance.

Research data was used to plot the spread of NDM-1
around the world.

Satellite imagery was again used to create a globe, on
which this spread could be demonstrated.
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Spread of New Delhi metallo-beta-lactamase-1: first detection Source: Johnson and Woodford 2013 (adapted)



Process: image capture at additional scales: Mapping the spread of NDM]1, an antibiotic resistant infection

Spain, Madrid



Process: image capture at additional scales:

Final image scale:

Once all of the images were captured they were
ordered by their exact scale and placed into a

piece of 3D visualisation software and a camera

path was built to fly through the images, seamlessly
transitioning from one to the other. In a nod to the
Eames film the Powers of 10, a white square was used
to indicate scale at each of these scales.



Process: Script

Script for Voice Over:

The script was developed in collaboration with the
scientists and was used throughout the development
of the visuals, then finalised and recorded once the
film was complete.



Process: Script




Process: Script




Process: Script




