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1.   Introductory rationale
This research project examines how ‘big data’1 is changing the professional lives of
astronomers in South Africa. The legacy of astronomical activities within the country is built
upon themes of historical colonialism, international funding and interest. Over the past two
decades, the Karoo has become a hotspot for internationally collaborative science, with the
South African Astronomical Observatory’s (SAAO) Southern African Large Telescope
(SALT) serving as an optical springboard to view the southern sky, for the international
astronomical community.
These astronomy ventures are said to be formed through collaborative links, engendered with
aspirations to contribute to global progress and the common good (Dubow, 2018: 23).
Moreover, major investment by the national government in astronomy projects such as SALT
and the looming radio telescope project, the Square Kilometre Array (SKA) (also located in
the Karoo), is founded on the premise of its pertinence for the national development of skills
that “will be in demand in the global knowledge economy of the future, [which includes] big
data” (Walker, 2018: 12). In light of these developments, including the increasingly complex
astronomical infrastructure, institutes such as the Inter-University Institute for Data-Intensive
Astronomy (IDIA) have been formed in South Africa, to foster the skills necessary to utilise
the big data that is emerging from modern astronomical observatories.
Big data is set to transform the way in which ‘conventional’ astronomers conduct their work.
However, the expertise required for big data analytics is niche, found within spaces that have
fostered the necessary analytic skills (Giardullo, 2016: 2). Whether South Africa will be a
significant contributor to this process is uncertain, as noted by Dubow:
…the dual predicament of post-colonial and post-apartheid deficits continues to shape
the politics of knowledge. In 2001, there were fewer than 50 professional astronomers
in the country, [and] no ‘proper’ university postgraduate programme … (Dubow, 2018:
23).

1

The term ‘big data’ has become standard in scientific language and common speech; in the rest of the text I
therefore use the term without inverted commas, for ease of reading.
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The concerns for pragmatic skills and economic development are seemingly intertwined with
another more ‘existential’ concern: promoting the nation’s status as a competitive global
economy (Walker, 2018: 12).

It is therefore pertinent to broaden the anthropological

understanding of who the big data scientists are, how big data is affecting their professional
life, and, moreover, to contextualise these issues within contemporary South Africa. In turn,
this lends itself to a more refined anthropological map of contemporary astronomical
knowledge production and how it is taking place within the South African landscape and, in
particular, the Karoo.
My research report is structured as follows. In the following section, section 2, I review my
research methodology and research questions. Section 3 provides a brief overview of what is
meant by big data, followed by a brief history of astronomy, globally and within South Africa.
This is followed by a discussion of the concepts of legibility (Scott, 1999) and representation
(Messeri, 2016), in section 4, which I have found particularly useful in analysing my findings.
Sections 5 to 8 are where I present my fieldwork and findings.

2.   A Qualitative Study
2.1  Research aims
My choice of research topic arose from several key factors: personal interest in science and
technology studies; the opportunity presented by the ‘Cosmopolitan Karoo’ research
programme2 to undertake this journey; a desire to contribute to the ongoing process of creating
a higher resolution map for understanding the national investments in science and technology
found within the Karoo area and, most decisively, an interest in supplementing the relatively
sparse anthropological literature on how big data is changing the professional lives of
astronomers.

2

‘Cosmopolitan Karoo’ is the byname for the DST/NRF Research Chair in the Sociology of Land, Environment
and Sustainable Development at Stellenbosch University.
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The research project reported on here investigated the impact of big data on the profession of
astronomy by exploring the themes presented in my introductory rationale through interacting
with astronomers across several South African sites, namely: the Iziko Planetarium in Cape
Town; the Astronomy Department at the University of Cape Town (UCT); IDIA, and the South
African Large Telescope (SALT) at the South African Astronomical Observatory (SAAO) site
outside the small Karoo town of Sutherland.
2.2  Research questions
My initial literature review stimulated the development of two core research questions,
each supplemented by three sub-questions intended to achieve higher resolution in addressing
the intersecting points found within each:
1.   How does big data shape the relationship between science and technology and society?
i.  

What is ‘big’ about big data?

ii.  

What is big data and what is its historical genealogy within society and astronomy?

iii.  

What is the scale of big data?

2.   How does big data affect the way in which astronomers approach and conduct their work,
at institutions such as IDIA and SALT?
i.  

How does big data inform the practice of space and place-making, within
astronomy?

ii.  

Who has access to the big data that is generated by astronomical institutions within
South Africa?

iii.  

Who are the primary experts focused on using big data within astronomy?

2.3  Research methodology
The focus of this project, one of experiential and conceptual understanding, necessitated a
qualitative research method. The research design gravitated towards a representative case
study, as it exemplifies the broader category of how big data and its use within astronomy is
affecting the professional lives of astronomers in South Africa (Bryman, 2012: 66).
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I grounded my research in a continuously refined, updated and ‘heavy’ literature review. This
helped me prepare for my semi-structured in-depth interviews (Appendix 1) and the
supplementary observations of SALT and Sutherland. However, throughout my fieldwork
both points of data collection continuously informed each other, pointing to gaps in my
understanding of the concepts and the preliminary findings collected from my interviews.
After the collection of my fieldwork data, I found thematic analysis to be the most appropriate
method of data analysis.
Access into the space of astronomers was relatively easy. For IDIA, I was introduced to
astronomers at a seminar held by the Cosmopolitan Karoo research programme. Additionally,
the research network provided by my supervisor contributed positively to my ability to gain
access to and connect with astronomers and thereby explore their general perceptions regarding
my research topic.
The initial use of an extensive literature review, particularly of literature that was critical of big
data, did saturate my initial approach to my topic with overly critical preconceptions.
However, during my fieldwork and thereafter my thematic analysis of my findings, I was drawn
to the concepts of legibility and representation that I had encountered in my literature review.
Although my interviews generated strong thematic codes, there were also specific insights from
each individual interview that informed either the previous or following interview. This process
of reflexive reflection led to a gradual improvement in my understanding of big data and its
use within astronomy. I have therefore found it important to structure my research report
chronologically, in terms of my site-specific interviews, thus providing a ‘rich’ description of
my experiences and the associated insights flowing from them as my project unfolded.
2.4  Ethical considerations
I have familiarised myself with the Code of Ethics of the International Sociological
Association (ISA) and my research project has been conducted in alignment with the ISA’s
principles.

This project was cleared as low-risk by the Departmental Ethics Screening

Committee (DESC) and Research Ethics Committee (REC) of Stellenbosch University. It does
not harm the dignity, safety or well-being of any participant involved (Bryman, 2012: 135144). The confidentiality and anonymity of my participants have been ensured through the use
of pseudonyms. I used an ‘Informed Consent” form to obtain consent from all my informants
8
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before I interviewed them (Appendix 2), supplemented by a signed consent form via email
from the majority of my participants after the interview.

Figure 1. The SAAO observational plateau outside Sutherland. The dome of SALT can be
clearly seen to the left of the plateau. (Image: J. Musson)

3.   Conceptual Framework
My initial framework focused on historicising big data and astronomy within South Africa.
However, although this was important for understanding the relationship between big data and
astronomy, much of the literature on big data uses a socially focused analysis, whereby
understanding of the concept is applied to everyday social settings, such as daily individual
interactions with companies such as Netflix and Google. Specific literature on the development
of big data within astronomy is sparse. Therefore, after my fieldwork, it became apparent that
I needed to supplement my analysis with a more sociologically focused conceptual framework.
I thus revisited Messeri’s (2016) work, Placing Outer Space: An Earthly Ethnography of Other
Worlds, and Scott’s (1999) Seeing Like A State: How certain schemes to improve the human
condition have failed. Both offered options for a richer exploration of my research data, with
the concepts of legibility (Scott) and representation (Messeri) particularly germane for my
project.
9
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Scott’s concept of legibility provides critical insight into the way socio-economic and political
institutions create “readable” norms: typically encompassing a centralised actor (such as a
state) to make society legible, through processes of standardisation and their gradual
acceptance by social actors. Moreover, Scott’s analysis rests on an understanding of the
particular problem of complexity. Often in the process of simplifying and managing data
within a standard metric or map, the extrapolative solutions that are deployed ramify into
further, unforeseen problems (Scott, 1999).
Building on my literature review of the development of partial script and bureaucracy and of
astronomy’s continuously enmeshed relationship with that history, I have drawn on Scott’s
concept of legibility in my interpretation of my interviewees’ understanding of the history of
big data in astronomy. Scott’s analysis enabled a more critical understanding of ‘why’ rather
than just an historical understanding of ‘how’ big data has emerged within astronomy.
Messeri, in contrast, provides important insights into the relatively recent shifts in the
“epistemological habitation” (where astronomers generate knowledge) of astronomers.
Astronomy’s use of space-satellite telescopes has allowed the development of a distinctive,
contemporary form of observational ‘habitation’. From conventional, earth-based observation,
intimately tied to the place of instrumentation, the representation of data has now shifted onto
a computer screen. This has shattered “the facade of the myth that being in close proximity to
the instrumentation is vital to current astronomical practice” (Messeri, 2016: 170-185). Simply
put, Messeri’s ethnography supplemented my framework with a contemporary account of the
process of representation of astronomical data. This analysis provided me with a clearer
conceptual tool for understanding the effect of big data on the representation of their findings
for astronomers and of the significant shifts in the relationship between astronomers and their
data as a consequence.

4.   Literature Review
My literature review had two main thrusts. The first involved an exploration of the concept
of big data and its relationship to astronomy’s interest in quantification and the rationalisation
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of material reality. This then lent itself to an historicised understanding of the development of
astronomy within South Africa, the second main thrust of my review.
4.1  Big data
It is important to analyse big data through two lenses, thus enabling a more holistic
understanding. First, it needs to be analysed as a scientific process, which requires an
understanding of its core characteristics and applications. Second, it needs to be analysed as a
social construct, emerging within an historical context as a socially mediated process.
4.1.1   Big data as a scientific process
Big data has an increasing importance in the way we operate, opening new frontiers for
the way individuals, companies, and researchers can interact with the material world. The
proponents of big data assert that it enables “a new way of conducting science”, whereby
worldly phenomena can be understood directly, rather than by merely formulating and testing
hypotheses (Giardullo, 2016: 3). Simply put, big data can be thought of as the ability to
“automatically” turn information into valuable and useful knowledge (Clegg, 2017: 10). The
media service provider Netflix is a relatable example of this. Netflix has used big data to
transform the process of commissioning, releasing and advertising a new series. The drama
House of Cards, for instance, can be largely attributed to this process. From Netflix’s customer
data, the company’s data scientists were able to understand that there was a high demand for a
dark-humoured and politically savvy series. Netflix, confident in their data analytics, invested
$100 million upfront for the series; additionally, the help of big data meant that Netflix could
target different trailers to specific customer populations, according to behavioural patterns that
indicated customers’ interests or political preferences.

This is a clear example of how

information can be turned into utilised knowledge (Clegg, 2017: 2-3). However, what is the
scientific consensus around big data – what does it look like?
Big data is generally viewed as having four core characteristics: volume, velocity, variety, and
value. Volume is not unique to big data as, historically, census data and the like have also
generated large data volumes. It is the characteristics of velocity and variety that then become
the features that most distinguish the contemporary field of big data from other examples of
managing and analysing large data collections historically. Big data is rapidly processed and
11
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sorted by means of a variety of automated, algorithmic machine-learning techniques (the
specifics of which will be described in later sections). This rapid process is referred to as “real
time” capabilities (Giardullo, 2016: 3).

Data can be analysed and retrieved almost

instantaneously, from a server through a web browser for instance, instead of requiring a timeconsuming and costly census method (Mayer-Schonberger and Cukier, 2017: 21).
Furthermore, the big data analytic method is able to do this with data sets of high heterogeneity
(Giardullo, 2016: 3).
The improvements in digital technological capabilities, specifically storage and processing,
have, of course, encouraged the emerging popularity of big data analytics. However, due to
these improvements, a more crucial but subtle process has also occurred. In the context of the
knowledge economy of today, this has seen the transformation of digitised data into a raw
material resource – a vital economic input in itself. No longer is data “static”, collected for
specific projects. The heterogenous nature of digitised data means that it can be reprocessed
and exchanged to offer new insights by using varying analytic algorithms and, thus, producing
differing utilities from the same set of data – in this way big data becomes “valuable” (MayerSchonberger and Cukier, 2017: 98-120).
Big data emerged in a space and time of increased digitisation and data value. It’s ability for
large, heterogenous, real-time processing and “error-free” analytics allows big data to be seen
as factual, rather than emergent. Interestingly, the word ‘data’ comes from the Latin term
datum, which means “given” – echoing the current assertion of neutrality from many big data
scientists (Clegg, 2017: 7). In fact, there is an implicit narrative amongst technologists that big
data can trace its lineage back to the Silicon Valley revolution. Of course, the improvements
in technology discussed above have made the big data phenomenon possible, but it is,
nevertheless, a continuation of a deeply human project to quantify the world (MayerSchonberger and Cukier, 2017: 78). Thus, it is necessary to explore big data through an
historicised lens, revealing an enmeshed fate between astronomy and its use of the big data
‘method’.
4.1.2   Big data as a social construct
It is important to place concepts historically, thereby clarifying their genealogy and the
political and socio-economic contexts which have given rise to current understandings. As
12
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described by Beer, concepts “and the transformations of which they are a part, leave an
indelible mark on future reasoning – on the way the world is comprehended and acted upon…”
(2016: 4). Therefore, exploring the historical lineage of big data enables a more robust view
of its relationship with astronomy.
In the Agrarian Revolution, increasingly complex societies began to appear (Harari, 2014: 135139). The effectiveness of storing and conveying information verbally started to dwindle with
the advent of larger populations, social hierarchies and new forms of governance. Bureaucracy
needed more robust ways of recording information, outside of the human brain, in order to
produce stable systems of governance. The solution? Partial script - numerically written
information. As far as we know, the Sumer civilisation was the first to overcome this problem,
c.3500-3000 BCE, by using a combination of symbols recorded on clay tablets. For the first
time, a government overseeing a large population could record and archive its collection of
taxes, debt and traded resources in written form. In fact, the earliest recorded text from the
Sumer, dated c.3400-3000 BCE, roughly translates to “29 086 measures barley 37 months
Kushim” (Harari, 2014: 135-139).
Over time, partial script developed sporadically, for similar purposes, around the world.
However, the mathematical script we know today, Arabic numerals, did not take hold until
around the 9th century CE; initially invented in India, it was appropriated by invaders from the
Middle East, where it was refined, before spreading across Europe over the next few centuries.
Other symbols, such as addition, subtraction, and division, were then slowly added, enabling
gradually more complex methods of quantification and mathematical modelling, such as
statistics (Harari, 2014: 142-148). However, the ability to predict the future, by using past and
present data, was not fully realised until the seventeenth century when, during a time of plague,
John Graunt collected data on mortality in London, between 1604 and 1661. From this, he
developed the first known statistical methods for predicting demographic trajectories without
the need for census data. What was unique was his analysis of multivariate data, combining,
for instance, births and deaths, rather than only a univariate census of London’s death rate. In
this way he was able to infer probabilities based on incomplete data (Clegg, 2017: 12-13).
However, statistics only became popularised during the expansion of nation-states in the 1800s
– a period referred to as the “avalanche of numbers” (Beer, 2016: 2). Interestingly, the word
‘statistics’ has the same origin as the word ‘state’ (Clegg, 2017: 14). Industrialisation and
13
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colonisation created new frontiers, developing increasingly complex and diverse socioeconomic systems. Using a census to compile information on culturally diverse populations,
with varying linguistic parameters, and keeping meticulous track of resources proved to be
laborious.

Managing the situational, temporal, and geographic nature of measurements,

standards and customs efficiently proved to be precariously complex (Scott, 1999: 25-27). In
this context, the capacity of statistics to generalise and make predictions, and thus inform
planning around resource allocation and population management, proved to be both useful and
powerful (Beer, 2016: 2-3). This “objective” method produced new forms of classification
and, as a result, had long-lasting implications for how people are represented and treated by
nation-states and by individuals.
The roots of the assumed neutrality of big data can be found within the context of the
industrialised nation-state, bringing with it new “grids of perception and evaluation” (Beer,
2016: 2-3). It is not just data that purveys judgement. Rather, it is the conceptual lineage of
the idea of big data itself that “shapes decisions, judgements and notions of value” (Beer, 2016:
2-3). The context of time and space - of particular cultural norms, politics and socio-economic
factors - is decoupled from the ideal. It is placed within a vacuum, where implications become
afterthoughts, and the powerful perception of objectivity makes way for ‘natural law’
(Sismondo, 2010: 65).
At this point one is compelled to ask how this relates to astronomy. Astronomy deals with
cosmic not terrestrial phenomena and so the implications of big data are perhaps very different
for it. However, as noted before, the history of astronomy is compellingly intertwined with the
quantification of reality. Reviewing the history of this process can thus provide insights on
how methods of quantification have transformed the modus operandi of astronomers, over
time, while additionally illuminating the progression towards big data within the discipline.
4.2  Astronomy & quantification: An intimate enmeshment
The history of astronomy has been divided into three distinct periods: the geometrical
period, the dynamical period, and the physical period. Each period is distinguished by
particular methods of observation and the means to record information (Forbes, 1909: 1-3).
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The geometrical period largely involved verbal knowledge, tied to astrology and other cultural
belief structures. However, as with the development of partial script, astronomy became
increasingly important to civilisations as they developed post the Agrarian Revolution. The
importance of a calendar, plotting the solar year and lunar months, developed throughout most,
if not all societies that had developed partial script. The increase in urban populations and the
diversification of economies made it necessary to organise economic and social activities
according to standardised systems: specifically, demarcating seasonal periods for planting,
growing and harvesting crops which coincided with the movements of the sun, moon and stars.
For example, the recording of the seasonal positions of stars and the sun by astronomers during
the Yao dynasty, China c.2300-2250 BCE, and the recording of moon cycles between 1061
BCE and 762 BCE by Chaldean astronomers, were both conducted to better predict periodical
seasonal changes (Forbes, 1909: 15-34).
Furthermore, increasing detail in astronomical recordings coincided with the growth in the
efficiency of partial and full (linguistic) script. During the 9th century CE, when Arabic
numerals were becoming popularised, astronomers in the Middle East were able to record the
sun’s ecliptic orbit, and the seasonal variation in its daily hemispherical movement across the
sky, in greater detail. This development, one of many examples, marked the beginning of
astronomy’s gradual movement towards the dynamical period, characterised by the gradual
adoption of heliocentrism (Forbes, 1909: 35-46).
By the late 1500s, accurate observations of the cosmos beyond our own solar system started to
appear. Contemporaneously, the use of the mechanised printing press started to become wellestablished in Europe.3 Thereafter, in the 1600s, the invention of the telescope, along with
Newton’s Laws of Gravitation, introduced the beginnings of the period of physical astronomy
and the ever more detailed recording of observations. Due to these methodological and
technological transformations, archived observational data increased greatly and became more
easily distributable (Forbes, 1909: 45-67). However, much like census data, it eventually
became painstakingly tedious to review astronomical tables before they went to print.
Interestingly, the attempt to solve this problem in the early 1800s provides a clear example of

3

britannica.com/technology/printing-press [accessed 2 December 2018]

15

Sociology & Anthropology Honours Research Project 2018

J. Musson - 17587751

astronomy’s intimate association with the development of quantification methods (Clegg,
2017: 33).
In 1821, Charles Babbage was asked by an astronomer friend, John Herschel (who would have
a lasting influence on South African astronomy4), to help with the meticulous review of an
astronomical data catalogue. In frustration at the tediousness of it, Babbage attempted to solve
this particular issue of labour time. He drew on the example of a Jacquard loom (a weaving
machine using preprogramed holes in punch cards to indicate the colour to be used) and dubbed
his invention a mill. Babbage’s machine was unsuccessful, but it would take several more
decades before Herman Hollerith bettered it, inventing the Tabulation Machine in the late
1800s. In this instance this advance was spurred on by a different subject but a similar data
problem, that of tabulating census data (Clegg, 2017: 33-34).
Of course, this is not the only example of astronomy’s intimate relationship with the ever
evolving “quantification problem”. Matthew Maury was a U.S. Navy navigational officer who,
due to a crippling injury, was consigned to administrative work in the 1830s. During his short
stint as a navigator, he was bemused by the navigational methods of the U.S. Navy’s captains
who, at the time, used word-of-mouth and hearsay methods to navigate the oceans surrounding
the American continent. After being consigned to administrative work, Maury developed new
navigational charts, using archived logbooks and standardising the U.S. Navy’s process of
logging ships’ voyage data - eventually plotting 1.2 million data points with the help of
“computers” (which, at that time, was the name given to human calculators). Through this
work he was able to identify more efficient shipping lanes, with stronger winds and currents,
thereby cutting travel time, sometimes by more than a third of what had been the case
previously. Notably, in 1846 Maury applied this method to astronomy when the planet
Neptune had just been discovered. This enabled him to plot the orbit of Neptune by finding
archives of mistaken references to the planet as a star (Mayer-Schonberger and Cukier, 2017:
73-78).

4

Dubow, S. 2018. 200 Years of Astronomy in South Africa: From the Royal Observatory to the ‘Big Bang’ of
the Square Kilometre Array. Journal of Southern African Studies, 44(5): 1-25.
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From the above, it is clear that astronomy has always been embedded in changing methods to
quantify our material world, whether by mere appropriation or, perhaps, by genius innovation.
Big data has emerged from this relationship. In fact, astronomy was one of the first sciences
to coin the term ‘big data’ in the early 2000s, in an attempt to capture the issue of scale and the
highly heterogeneous data that had begun to emerge in the wake of rapidly improving digitised
technological capabilities (Mayer-Schonberger and Cukier, 2017: 6).
As stated by Dubow:
Astronomy’s principal object of fascination is the universal, non-human, spectacular
world-out-there. Yet, the pursuit of astronomy was from the outset firmly conditioned
by the need to prove its practical utility: navigation, meteorology, time-keeping, tidal
observations and boundary mapping were all part of its core activities… (2018:2).
Contextualising this relationship is important for this research project. Interestingly, the
foundations of state-sponsored astronomy within South Africa can be traced back to the need
for the quantification of an empire’s emerging frontier.
4.3  Astronomy in South Africa
As noted in my review of the history of big data, the wider political environment of a
scientific concept is often overlooked for a more technically oriented story, where progress is
linked to individual achievements and presented in a vacuum with regards to space and time.
Astronomy is not divorced from this impulse either. Political and economic incentives have
often contributed to the conducive environments which has made astronomical science
possible. For instance, the mapping of celestial objects by astronomers during the Yao dynasty
and the Chaldean empire was conducted on the order of emperors (Forbes, 1909: 21-23).
Another example: Tycho Brahe, who made the first documented observation of the nonpermanence of stars (between 1572-1596), was funded by King Fredrick II of Denmark. After
Frederick’s death, Brahe was funded by Emperor Rudolph II of the Holy Roman Empire who,
interestingly, would also fund Johann Kepler, during his famous theoretical developments
(Forbes, 1909: 46-49).
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Astronomy’s emergence within South Africa also lends itself to a politicised interpretation, in
which what Scott (1999) has termed legibility, the standardisation of social measurements,
became a propelling factor for the establishment of the first observatory in southern Africa as
part of Britain’s colonial project. In 1820, the British Admiralty concluded that it was of
“utmost importance” to establish a permanent observatory in southern Africa, to promote the
“glory of Empire”. (Dubow: 2018: 3). For one, it symbolised the Colony’s importance in the
“consolidation of the post-Napoleonic ‘second British empire’” to determine the Great Arc of
the Meridian (Dubow, 2018: 3). Of course, the promotion of glory was more than just mere
symbolism: the primary objective of the Cape observatory was to better document the position
of southern hemisphere stars for more reliable mapping of longitudes and, hence, facilitate the
navigation of the southern oceans. Thereafter, in 1827, the first observatory was established at
a site near Cape Town (today the suburb of Observatory to which it gave its name).
Constructed in the grand Greek revival style, the observatory was an important outpost for
British astronomy and symbolised imperial naval power. This symbolic association would be
furthered in 1836, as the observatory began to serve a time-keeper function for the British navy
(Dubow, 2018: 3).
Over the next several decades, important astronomical discoveries were made by a variety of
astronomers based in Cape Town, including the aforementioned John Herschel. Interestingly,
Herschel came to be critical of British colonial rule in the Cape, arguing that science should be
conducted without “politicking” (Dubow, 2018). It is even suggested that Herschel altered his
use of language during this period, from describing astronomy in terms of a hunt to adopting a
more pacific term, that of harvesting. Despite this, Herschel maintained that astronomy played
a significant role in contributing towards the “enlightened governance” of Africans and
“efficient fact gathering” for civilised expansion (Dubow, 2018: 5-7).

An even more

significant astronomer in South Africa was David Gill who, in 1879, became the Cape’s head
Royal Astronomer. During his tenure, Gill “actively positioned astronomy as an arm of
imperial power” and sought to position South Africa centrally within the “globally emerging
astronomical community” (Dubow: 2018: 7-10).
Gill’s contribution to the development of astronomy had a lasting impact on the way South
African society became legible. His organisational skills were considerable. In his time the
observatory was influential in the accurate mapping of the Cape and Natal landscape, providing
the tools that underpinned the management of discriminatory land ownership and, as a later
18

Sociology & Anthropology Honours Research Project 2018

J. Musson - 17587751

corollary, racial segregation (Dubow, 2018: 7). Furthermore, the mapping of the 30th Meridian
Arc during Gill’s tenure standardised ‘Observatory mean time’ and, as a result, in 1903, all
clocks in South Africa were adjusted to two hours east of Greenwich Mean Time (GMT). This,
a particularly notable process of state legibility, made possible the more efficient management
of Britain’s colonies in southern Africa, and thus contributed to the eventual unification of
South Africa (in 1910) (Dubow, 2018: 7-8). As noted by Scott (1999), in his account of the
power of making things legible through, for example, accurate mapping, maps are “not just
maps. Rather, … maps … when allied with state power, would enable much of the reality they
depicted to be remade” (1999: 3).
Over the course of the 20th century, South African astronomy developed largely under the
continuous and significant influence of the global north. Premier northern research institutions
sought a place in the auspicious prospecting of southern skies. Specifically, the period from
the 1930s to the 1960s proved to be a distinct change in the themes of state interest; private
institutions vied for opportunities to use the country’s strategic position for astronomical
observation. However, despite this, the post-war period saw little development of astronomy
within South African universities and research institutions; its presence as a subject was
maintained through a reliance on international funding and personnel.

The theme of

astronomical data being moved from South Africa to overseas institutions continued. By the
1970s, as international astronomy institutions debated their continued involvement in South
Africa, the space for greater involvement by the apartheid state started to open up. However,
by the 1980s state support for astronomy dwindled in the shadow of more pressing nationalist
concerns (Dubow, 2018: 10-25).
The 1990s saw the end of apartheid and, with this, a new vision for South African astronomy
started to emerge. Following South Africa’s decommissioning of its nuclear programme,
astronomy was elevated to become the country’s premier ‘big science’ initiative. In 2005, in
alignment with the aims of the Mbeki presidency for an “African Renaissance”, the SALT
telescope was inaugurated at the SAAO site outside Sutherland. (See Figure 2 below.) It was
developed in partnership with nearly a dozen countries, with South Africa being the largest
financial contributor (Dubow, 2018: 23-25). This development can be seen as initiating the
current phase in the history of astronomy in South Africa.
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Since the early 2000s South Africa has also invested heavily in the internationally driven SKA
project, engendering a narrative that seeks to confirm South Africa’s important contribution
for “scientific internationalism and developmentalism” (Dubow, 2018: 25). Therefore, in this
context, it is pertinent to understand what big data is, who is using within South African
astronomy, and why. As noted by Scott measurements do “not successfully represent the actual
activity of the society they depicted, nor were they intended to; they represented only that slice
of it that interested the official observer” (1999: 3).

Figure 2. Map showing location of the South African Large Telescope within the South
African Astronomical Observatory (Source: DST/NRF SARChI Research Chair in the
Sociology of Land, Environment and Sustainable Development).
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5.   Visualising Outer Space from IDIA
My first encounter with astronomers took place on the 2nd of August 2018 when I was
introduced to Thomas,5 a data-specialist, at a seminar held by the Cosmopolitan Karoo research
group which was aimed at facilitating discussion between astronomers and social scientists.
On the 6th of August 2018, Thomas organised to meet with me at the Iziko Planetarium in Cape
Town. A couple of months later, in October, I was also able to conduct interviews with
astronomers from IDIA, at UCT. Here, I would gain first-hand insight into how big data was
changing the professional life of an astronomer.

The South African Iziko Museum is situated within Cape Town’s Company Gardens. It has
been a South African national museum in its current location since 1897, holding an assortment
of zoological, anthropological, and astronomical artefacts.6 However, my interest in being
there was rather more specific. I had been invited by Thomas to a visualisation of astronomical
data. The Iziko Planetarium was opened in 1958, with subsequent upgrades in 1987; it
currently houses a “modern Minolta star projector in a fully equipped audio-visual theatre” for
those who wish to “enjoy an audio-visual extravaganza.”7
I met Thomas outside the Iziko Museum from where we proceeded to the Planetarium dome
to meet his colleague, Phillip. Both Thomas and Phillip work within IDIA a partnership of
three South African universities: the University of the Western Cape (UWC), the University
of Cape Town (UCT), and the University of Pretoria (UP). The “overarching goal” of the
partnership is “to build within the South African university research community the capacity
and expertise in data intensive research.”8 Coupled to this, IDIA aims to bring big data research
and collaboration to the forefront of South African astronomy, allowing for greater and easier
global access and collaboration between various astronomy communities.9

5

As noted, I have used pseudonyms for my informants.
iziko.org.za/museums/south-african-museum [accessed 8 November 2018]
7
iziko.org.za/museums/planetarium [accessed 8 November 2018]
8
idia.ac.za/about-us/ [accessed 9 November 2018]
9
idia.ac.za/about-us/ [accessed 9 November 2018]
6
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5.1 Visualisation: Representing the cosmos with the help of numbers
Phillip guided both Thomas and myself through a small walkway onto a control platform,
elevated behind the seats where prospective audiences could gaze up onto a represented cosmos
on the domed ceiling. Thomas took a seat in the chairs below and told us he had some admin
to do while Phillip and I interacted. In front of us sat a large computer, on its screen a
programme that I assumed to be used for controlling the data projection. Phillip informed me
that the planetarium dome allowed for the creation of an immersive experience, giving one a
sense of being within the images that are projected onto the dome. First, a short film was
projected onto the dome, animating a space mission. Phillip described how he enjoys the film
for its “vision”, with themes of frontier exploration persistent throughout and ending with
animated astronauts landing on a red-orange planet, which I assumed to be Mars. I then asked
Phillip if he had any resources to show me that involved the use of big data analytics. He stated
that he did, as much data within Astronomy these days involves “some sort of” big data; he
then turned to load an image of the distribution of galaxies (See Figure 3 below) onto the
Planetarium dome, taken from the 2MASS Redshift Survey (2MRS).
Phillip described what he studies as the “large scale distribution of galaxies in the local
universe” (Phillip, Interview, 12 August 2018). His research involves the study of what is
termed “the cosmic web” of the entire local universe that surrounds us. The local universe,
according to astronomers, comprises the galaxies that are “close” enough to each other and us
so that, when they are observed, they have not changed their “evolutionary state”. This means
that what has been observed is not heavily influenced by the distance travelled by light.
Telescopes, as described to me by Phillip, are “time machines” and galaxies in the local
universe – which encompasses a distance of roughly one billion light years in radius – are
thought of as being in our local light time.
The scale of this was hard for me to comprehend, especially when I considered the fact that
just one light-year is a distance of roughly 9.5 trillion kilometres.10 Of further interest,
throughout these vast distances galaxies are not distributed randomly in space.

Phillip

described their distribution as reflecting a beautiful order, governed by laws and rules that we

10

astro.wisc.edu/our-science/research-areas/extragalactic-astronomy/local-universe/
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are able to discover. Thus, galaxies live in “groups”, “filaments”, “walls” and “bubbles”, each
having distinct characteristics that can be sorted and understood through the laws of physics.
This, I was told, is what astronomers affectionately call the “cosmic web”.11

Figure 3.12 The distribution of galaxies from the 2MASS Redshift Survey (2MRS) (Image: J.
Musson).
In order to manage the scale of data that is generated by astronomical observation, especially
since the advent of the age of digitisation and major improvements in technological storage
and processing capabilities, algorithms are used to sort or group specific characteristics within
astronomical survey “assets” (Howard, 2015: 1).

Overall, this has become a common

development within research-intensive fields, allowing for greater efficiency in the analysis
and “dynamical layering” of the processed data (i.e. the layering of data collected from
different instruments) (Zhang and Zhao, 2014: 2). An example of such a method is the use of
a “detection” algorithm. (See Figure 4 below.)

11

Note I was also able to conduct a second interview with Philip, in October 2018, at which the insights from my
first interview at the Planetarium were confirmed.
12
The image represents about 1, 000, 000 galaxies extending to redshifts of about 0.3 z. 2MPZ uses a method to
estimate the distance from our sun through photometric measurements. Phillip informed me that this method of
measurement is much easier to derive a ‘redshift’ compared to the 2MRS spectroscopic method (Figure 3) – and
is therefore, larger in size and more capable of accurately deriving a redshift value for objects farther away. The
colour coding is also different from that in Figure 3, as it represents the degree of clustering between galaxies.
Red indicates a high clustering level of galaxies (found in high-density environments), moving along a spectrum,
with blue indicating galaxies that are relatively isolated (found in low-density environments). (Phillip, Interview,
12 August 2018).
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Figure 4. A snapshot example of an object ‘detection’ algorithm. Note that this is not an exact
example of the detection algorithms used in 2MASS. (Source: Dong, Wang and Wei, 2018.)

This is described as a machine-learning algorithm, where the researcher “teaches” the
algorithm to identify the objects he or she wants. A detection algorithm is used to identify
multiple objects within an image (a process termed “image classification”) and then to sort
them according to their position (a process termed “object localisation”). This is conducted
systematically (called background “fitting” and “reductions”) by processing “blocks” of the
whole image, illustrated by Figure 5 below (Dong, Wang, and Wei, 2018: 46-61).

Figure 5. The step-by-step process of image classification and object localisation within an
image, by means of detection; each individual ‘block’ is systematically processed. (Source:
Jarret, Chester, Cutri, Huchra, Scheider, and Skrutskie, 2000.)
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Figure 6 below is a processed image of data from the 2MASS survey which made use of a
detection algorithm. The 2MASS survey was conducted primarily to map and characterise
galaxies and other objects found within what is termed a “diameter value group” – i.e. the
algorithm is designed to detect objects equal to, or less than a determined diameter (Jarret et
al, 2000: 2499-2501).

Figure 6. A processed image mapping the surrounding “local” universe. The data was
modelled using the 2MASS Photometric-Redshift Catalogue (2MPZ). (Image: J. Musson)
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As the above discussion makes clear, modern telescopes are producing terabytes of data that
are distributed through the Internet of Things and stored in databases or catalogues (which are
tabulations of specific types of objects or results of data collection using a specific instrument,
whether radio or optical). Astronomical data is typically comprised of images, spectra (light
spectrums), time-series data, or simulation data (Zhang and Zhao, 2014: 2). The technical
hardware systems that store, retrieve and enable cloud sharing of the data are referred to as
“pipelines”. These data intensive methods have enabled astronomers to model, visualise, and
describe the universe in greater “temporal and spatial” detail than was previously possible
through processing, manipulating and exploring large and complex “assets” manually
(Howard, 2015: 1). Big data is, therefore, generating a new way of seeing and representing
astronomical data – as noted by Messeri (2016:38): “With new modes of representation
[comes] new modes of seeing.” It is not surprising then that IDIA states on its website that “A
new generation of scientific instruments is changing the way we do science….”13
During my visit to the Iziko Planetarium, Phillip also showed me a third image (Figure 7
below). Over the past decade, the volume of data of major astronomical surveys such as
2MASS and the Sloan Digital Sky Survey (SDSS) has increased by a factor of more than 300%,
a trend projected to increase exponentially. The data collected from the 2MASS survey
(Figures 3 and 6) comprises a total volume of 10 terabytes (Zhang and Zhao, 2014: 2). In
contrast, the data collection from the SDSS in 201014 amounted to 140 terabytes (MayerSchonberger and Cukier, 2017: 7). However, in comparison to the projections for future
astronomical projects, such as those to be conducted by the SKA, this constitutes a minute data
output. For example, in 2014 the SKA was projected to gather more than 4.6 exabytes of data.
That is the equivalent of 4.6 million terabytes - an increase in data volume roughly 32 800
times the total output of the SDSS (Zhang and Zhao, 2014: 2).
In the following section, I provide a more nuanced understanding of how astronomers are
engaging with the use of big data machine learning techniques in astronomy. The intention is
to produce a more personalised understanding of their experience of their current space.

13
14

Idia.ac.za/about-us/ [accessed 9 November 2018]
sdss.org/surveys/ [accessed 14 November 2018]
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Figure 7. Image from SDSS in which data has been layered upon the previous image (Figure
6); it covers a specific ‘square’ of ‘sky’ and extends further than the previous images, to
redshifts of 0.2z. 15 (Image: J. Musson)

15

This image is layered on top of Figure 6. to show a “cone” (in white) and a “pencil” (in blue) of data from the
SDSS. The SDSS data was collected at a site in New Mexico, USA. The imaging of the extended redshifts of
0.2z has a high accuracy and, therefore, enables a clear visualisation of the ‘Cosmic Web’, which is seen in the
web-like contrast of black and white within the cone. The cone and pencil extend beyond the ‘local’ universe.
(Phillip, Interview, 12 August 2018)
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5.2 Managing scale: ‘Supervised’ or ‘unsupervised’, what’s the difference?
My visualisation experience at the Iziko Planetarium gave me valuable insight into how big
data was transforming the process of representation in astronomy. It would, however, be a few
months before I would be able to discuss with astronomers at IDIA how big data is actually
changing the way they conduct their work.
In October 2018 I met Thomas again, this time at the UCT campus. On entering the R.W.
James Building where the astronomy department is located, I was aware of the building’s
‘Greek Revival’ style of architecture,16 reflecting that of the Iziko Museum.17 I felt a distinct
sense of place, that projected particular claims of history and identity. Here, at UCT, I was
introduced by Thomas to Joe. Joe spoke to me about the various analytical algorithms and
processes that astronomy is using. He described his route to becoming an astronomer, where
he was exposed to the subject from a young age:
… my dad… when I was quite young, he would read me different astronomy books…
we would go to different observatories on tour… so anyway, I did my undergrad… and
then, uh, went from there (.). I was actually tryna get out of Uni at that point [chuckles]
but, um, little did I know that I’d actually love research… [and] ended up doing
research… (Joe, Interview, 9 October 2018).
Joe’s postgraduate research entailed studying the characteristics of supernovas, or exploded
stars in layman’s terms. However, it was not until his PhD in extragalactic radio astronomy
that he started using big data systems or supercomputing machines which, consequently,
shaped his career trajectory. This experience led to his current project for IDIA, working on
software development.
Joe describes this work as the “technical” side of astronomy, which centres on the creation and
improvement of processing techniques and tools. In our discussion he went on to describe a

16
17

britannica.com/art/Neoclassical-architecture [accessed 17 November 2018]
uct.ac.za/main/about/history & iziko.org.za/museums/south-african-museum [accessed 8 November 2018]
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growing division in astronomy between “scientific” and “technical” expertise, attributable to
the fact that “the instruments are so large and complex”:
… very few people can understand… the instrument itself, the data itself, and do the
science itself… I would be in a much better place to say whether that was, ‘ah this is
actually an artefact [incorrect data] cause of how we did this processing’ (Joe,
Interview, 9 October 2018)
This is not an unusual practice within institutions that use big data analytics. Most big data
industries today require expertise across a value chain that is typically held to function through
three levels: the data holders, the data specialists and, lastly, the companies and individuals
with the big data “mindset” (Mayer-Schonberger and Cukier, 2017: 126-128).
All three levels have their specificities. The data holders within the big data value chain control
access to the information. A clear example of this is the credit card industry in the USA. Many
small to midsized banks were crippled by the high cost of preventing and policing fraud and as
a result, turned their credit card operations over to larger financial institutions which had the
scale and capital to do so. Today, although an individual could be a customer of a small or
midsized bank, their credit card data is owned by larger firms, such as Bank of America. The
second level of value, the data specialist, is currently viewed to hold the most ‘value’. Here,
individuals are able to use and interpret the data, making it become legible through data-mining
techniques such as machine-learning algorithms. However, the elevated value currently
attached to this level is expected to diminish: as the tools improve and become easier to use,
and more people acquire the necessary expertise, so too does the relative value of the skillset
(Mayer-Schonberger and Cukier, 2017: 134). For now however, the complexity of the
increasingly sophisticated hardware and software systems required for such data-intensive
methods, ensures the relative value of this level.
As elaborated by Howard (2015: 4), research astronomers are not experts in data-mining
techniques. Industry-standard machine learning techniques offer valuable methods with which
to analyse astronomical data. However, astronomy presents unique statistical, computational,
and algorithmic challenges and, therefore, this necessitates greater reliance on data-mining
experts (such as Joe) and automated machine learning techniques:
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…we are going to have to automate it… you actually don’t even have like the time or
resources to troll through all the data and… They need machines to do a lot of this for
them…” (Joe, Interview, 9 October 2018).
In comparison to the machine learning methods already discussed – such as those used to
generate Figures 3, 6, and 7 – automated machine-learning algorithms are capable of operating
without supervision or ‘a posteriori’ analysis. Such algorithms do not require pre-filters or
parameters to be predefined before data analysis (Howard, 2015: 1-3). An example of this
category of algorithm is a ‘K-Means’ Clustering algorithm, shown in Figure 8 below.

Figure 8. A simplified example of the process for a ‘K-Means’ Clustering algorithm. Notice
the word ‘centroid’ used to describe the mean ‘points’ (i.e. characteristic average). (Source:
towardsdatascience.com/k-means-clustering-introduction-to-machine-learning-algorithmsc96bf0d5d57a [accessed 10 November 2018].)
The ‘K-Means Clustering’ algorithm identifies individual characteristics within what is
referred to as “feature” or “parameter space” (i.e. the defined area of an image). These
characteristics are then clustered into ‘K’ groups, which are automatically generated according
to the level of variety within a dataset. Although this might seem similar to the detection
algorithm mentioned previously, there are distinct differences. For example, the detection
algorithm used to analyse Figures 3 and 6 was programmed with the predetermined goal of
identifying objects that were equal to or less than a specific diameter quantity (Jarret et al,
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2000). In contrast, if an automated ‘K-Means Clustering’ algorithm was set to automatically
analyse the 2MRS dataset, it would cluster characteristics without relying on predetermined
parameters.
Put simply, what are described as “unsupervised” algorithms are used when the researcher
wants the algorithm to group, sort and find variables, objects, or outlying characteristics
without the algorithm having a specific, pre-set purpose. The ‘unsupervised’ method of
machine learning is largely implemented for exploratory research – for finding anomalies
(Howard, 2015: 3). However, as has been the case throughout the history of astronomy’s
relationship with quantification, the subject plays an innovative role in the development of
these techniques.
The exponentially increasing problems of volume and variety in astronomical data has led to
the need to explore algorithmic capabilities further. Astronomical data is set to overburden
current storage and processing capabilities and, therefore, hinder the efficient and effective
analysis of data. A way to analyse data “on-the-fly”, thus only storing data that is potentially
scientifically interesting, has been in development to solve this emerging dataflow problem.
As stated in Howard (2015: 2), “Feasible solutions and a solid and stable computational
framework must be offered in order to provide update-to-date rich streaming information,
keeping up with the rest of the dataflow.”
The development of “semi-supervised” algorithms, a combination of both techniques already
discussed, is set to break this looming deadlock. Semi-supervised algorithmic techniques are
“trained” and able to identify given parameters while also being able to discover new outlying
categories and, thus, automatically conduct data interpretation and extrapolation.
Astronomical observations will be able to “dump” data that is already known on-the-fly, while
simultaneously storing outlying data. Not only does such a technique enable the more efficient
use of storage; it also allows astronomers to observe and collect data from a larger “parameter
space”, i.e. contrast photometric and spectroscopic observational methods concurrently.
Although this method is vastly more complex and difficult to develop, it is deemed necessary
for the development of astronomical research as it extends the current possibilities of velocity
and variety and, ultimately, enhances the efficiency of data processing capabilities (Howard,
2015: 3-4).

31

Sociology & Anthropology Honours Research Project 2018

J. Musson - 17587751

Given the complexity of the field, my account of the varying machine learning techniques
provided above must be acknowledged to be a simplified one. Nevertheless, the description of
these techniques by Joe was my entry-point into understanding how astronomers apply big data
analytics and, further, gave me my first insight into the big data ‘value-chain’ distinction within
astronomy. The next section, which historicises big data within astronomy, illuminates the
background of big data as a social process, and brings the significance of legibility to the fore.

6.   Legibility and the Rise of ‘Conventional’ Astronomy’s Data Problem:
Can you say ‘Multi-Wavelength Data-Fusion’?
Two days after my meeting with Joe, I was able to meet with Thomas at the South African
Astronomical Observatory headquarters, in Observatory, Cape Town. My discussion with
Thomas deepened my understanding of how the big data process within astronomy and drew
particular insight into the process of legibility.
Thomas’s preference for mathematics over physics led to his focusing on the technical side of
astronomy. His PhD thesis, awarded in 2000, focused on the statistical analysis of data
captured using the Infrared Space Observatory (ISO), a space project which necessitated the
development of new analytical tools. Thomas explained how infrared projects were long and
costly, due to the need for observation from outside the Earth’s atmosphere, i.e. the telescope
has to be situated within a satellite. Space-based projects were the beginning of Thomas’s
practical experience within astronomy, sharpening his more technical focus on software
development and data infrastructure (“pipeline”) innovation. It was after finishing his PhD
when, according to Thomas, he really started to do astronomy. Rather than “raw” statistical
analysis, he started working with post-processed data and modelling, which he regarded as
about the incorporation of the “actual” physics underlying the astronomical phenomena
(Thomas, Interview, 11 October). His description of the changing analytic techniques arising
from space-based astronomy resonated with Messeri’s ethnographic observations of the
shifting habitations of astronomers. According to Messeri (2016: 150-155) space-based
astronomy set in motion a transformation in the way astronomers accessed data: instead of only
being able to observe at, astronomers could now observe from.
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Over the past few decades, the use of space-based telescopes has resulted in a fundamental
shift in how astronomers obtain and view their data. This new method of collecting data - from
space rather than earth - a distinct shift in their epistemological point of habitation; a shift in
the way astronomers view and collect their empirical data (Messeri, 2016: 152). The act of
collecting data no longer required a brick-and-mortar dome; rather, a computer screen became
a sufficient tool with which to observe the cosmos. As described by Messeri:
Whereas astronomical observing used to require the inhabitation of an observatory,
today these activities are rapidly being decoupled… Today astronomers more often
than not access data remotely. The observing eye—the technologies of observation—
retreats ever further from the Earth’s surface as observational practice becomes more
withdrawn from earthly locales (2016: 152-153).
Thomas’s practical experience in space-based astronomy and the development of tools and
software required for big data systems has brought him to his current position at IDIA,
improving the data component (i.e. the systems and infrastructure) of earth-based observational
astronomy within South Africa. He communicated to me the need to “fill the gap” in the skills
required to merge optical and radio astronomy data, in order to develop heterogenic big data
systems. He referred to this as ‘Multi-Wavelength-Data-Fusion’.
Following this explanation, Thomas proceeded to describe in fascinating detail his perspective
on the history of big data within astronomy. He views the emergence of big data within earthbased (conventional) astronomy as being borne out of necessity that, in turn, gave impetus to
the scientific and technological possibilities needed for the infrastructure capable of running
big data systems. According to him (Thomas, Interview, 11 October 2018), astronomical
observatories have only been mandated to make archival data “useful” and accessible to the
general astronomical community since 1955. This mandate was set in place shortly after the
second observation of radio wave emissions from Jupiter, at the Seneca observatory in
Maryland, U.S.A.18 The observation of radio waves, from sources other than earth, marked an
important change in what was possible for astronomers to observe and thus, what was possible
to represent.

18

nasa.gov/vision/universe/solarsystem/radio_jupiter.html
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Additionally, the digitalisation of historical astronomical records, such as photographic glass
plates, became increasingly viable due to the upswing of digital capabilities and the data
transfer possibilities following the advent of the internet. Despite this, the ability to access and
share data with colleagues in different institutions and countries was relatively ineffectual – it
needed to be “datafied”, to be made accessible.19 In order to solve the issue of access to
astronomical archives, the astronomical community had first to standardise the process of data
reduction and storage – i.e. astronomical data had to be made legible, in Scott’s term – and thus
commensurable and accessible according to a standard (Thomas, Interview, 11 October 2018).
By the end of 2011, the International Virtual Observatory Alliance (IVOA) had begun to set
standards on how the astronomy community could best “encapsulate” and share the data
coming from different telescopes. The IVOA was formed to "facilitate the international
coordination and collaboration necessary for the development and deployment of the tools,
systems and organizational structures necessary to enable the international utilization of
astronomical archives as an integrated and interoperating virtual observatory.” 20 This entailed
the standardisation of software programs and protocols, so as to enable a centralised means to
access and retrieve archives through a web browser. Data from varying observatories had to
be able to “talk” to each other – in other words, the software programs used by astronomers
had to be compatible (Thomas, Interview, 11 October 2018).
As a result, the ability to overlay multiple data sources, such as optical and radio, effectively,
efficiently and in an understandable way became realisable and representationally more
pleasing.21 The layering of data enabled richer visualisations as well as better representations
of astronomical data, because different observational instruments provide specific information.
Thomas referred to this process as “multi-wavelength data-fusion’” which, he informed me,
was a term borrowed from geographic earth observations. This was, according to Thomas,
what gave rise to the “real” big data problem facing contemporary earth-based observation:

19

Datafication: the process of transforming digitalised data into something valuable, or useful (MayerSchonberger and Cukier, 2017: 83-86).
20
http://www.ivoa.net/about/what-is-ivoa.html [accessed 9 December 2018]
21
Interestingly, this echoes a post-World War II discourse where a ‘new’ perception from the resultant
informational abundance was emerging. With new technologies, data become not only valued for its information,
but also the way it was aesthetically organised, enabling for the exhibition of “harmony, rhythm, and
proportion…” (Halpern, 2014: 14).
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… we really wanted to, to create data that were easily understandable… easily
reusable… be able to extract the main interesting portions of the data, in real time ...
and to store that… so conventional telescopes on the ground… are now going in the
direction of having this real ‘big data’ problem… so the model … of development of an
astronomical observatory has changed substantially because operations and data
reduction, data archives where something that was taught in hindsight, or not at all…”
(Thomas, Interview, 11 October 2018).
An analogy can be found with Scott’s (1999) analysis of legibility in German forestry science,
during the late 1700s. With support from the state, forestry science attempted to manage and
organise forest growth through standardisation and abstraction. Forests were carefully and
purposefully structured, much like an orchid, with the intent being “for state foresters to count,
manipulate, measure, and assess” them more easily (Scott, 1999: 15).

What was most

appealing in applying this method was its promise of more effective and efficient utilisation of
forest resources. However, in the long run, this push for legibility, for the easier management
of the natural forest, had negative consequences for bio-diversity, habitat and ultimately,
sustainability. In response, the German pioneers of scientific forestry developed a solution to
remedy these unforeseen ramifications, with mixed results in what was termed ‘Restoration
forestry’. This is an example of how the attempt at a solution for the initial problem ramified
into further problems. Instead of creating an orderly form, it added to the problem of
complexity (Scott, 1999: 18-21).
In the case of astronomy, the problem of access became a data problem. Much like the situation
facing German forestry scientists in the late 1700s, earth-based astronomy had to innovate the
way data was stored and processed, due to the unprecedented volume of data being generated
from data fusion. This necessitated analytic and data reduction techniques that were efficient
and accurate, requiring in turn a new “restoration” conventional astronomer: the big data
scientist. A further consequence was that the infrastructure for earth-based22 astronomy was
becoming larger and vastly more complex. However, larger and more complex infrastructure
comes with the added dimension of increased costs. Conventional astronomy thus needed a

22

Note that I use the terms earth-based and ‘conventional’ astronomy interchangeably to describe ground-based
astronomical observation.
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new way of doing things, of organising, centralising and commodifying the spin-offs of this
new “restoration” astronomy. Simply put, astronomy’s new ‘datafication problem’ required
funding and, with that, the issue of access has arisen once again:
… individuals must commit to pay, I think, fifty-thousand dollars per year, for ten
year… this of course creates an issue because… with LSST… with SKA, it will be
increasingly difficult to do so [have an open archive]. So, I don’t think there are …
plans as such to have a fully open data archive that stores all the information that
astronomers are using… (Thomas, Interview, 11 October 2018)
My interview with Thomas was particularly rich in the context of my project.
Understanding the mediated process around the development of standardised data archives and
the persistent issue of access proved crucial in my being able to analyse why big data had
become increasingly necessary for astronomers. Furthermore, much like Scott’s analysis of
how the historical process of legibility has resulted in additional long-term complexity,
astronomy’s answer to the problem of access has ramified into unforeseen and more complex
problems. Understanding how these processes were affecting the “habitation” of earth-based
astronomy became my next point of concern.

7.   Seeing Outer Space at the SAAO and SALT
The next astronomy institution where I was able to interview astronomers was the SAAO
headquarters in Cape Town, the site of the original colonial observatory. Initial
communications with the SAAO were intermittent but in October 2018 I was invited to the
institution to conduct my interviews. Later that month I was also able to travel to Sutherland
with some SAAO astronomers, where I was taken on a tour of SALT and able to observe
astronomers at work over the course of one night.
7.1 Representation and automation: Catching the things that ‘go bump in the night’
As I entered the SAAO headquarters on the 12th of October 2018, past the grand pillars
at the main entrance of the historic building, the plaque commemorating the establishment of
the observatory could be clearly seen. In fact, one can still observe where the original telescope
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was positioned, with a large dome protruding from the ceiling of what is now used as a
vestibule.
Here I met Jean who, from around the age of 11, became “hooked” on astronomy (Jean,
Interview, 12 October 2018). Jean completed a PhD thesis, using x-ray data from the Roentgen
Satellite (ROSAT) and optical data from various telescopes. In 1999 she moved to Cape Town,
and by the end of that year, Jean had begun to conduct her own research at SALT.
Following the insights I had gained from my previous interviews, I was most interested in the
emerging process of automating big data “pipelines”.

With the development of semi-

supervised algorithms and the gradual standardisation of big data in astronomy in mind, I drew
the conversation towards the ways in which big data is changing the way astronomers operate.
According to Jean, one consequence is that the “transient world had gone wild.”
Joshua: What do you mean transient?
Jean: Transient means ’things that go bump in the night’. It’s transient events - it’s
something that was not there yesterday, that happens today, and may not be there
tomorrow. And if you don’t … - because, classically we know what things are by taking
a spectrum - if you don’t take a spectrum of a thing that goes ‘bump’ it will just be a
‘bump’. You will never know what it was…” (Jean, Interview, 12 October 2018)
The monitoring of “transient events”, or anomalies that may be significant has to be efficient.
Archived data can be accessed in real time and analysed using unsupervised algorithms but
even then, finding transients is not guaranteed. One can have “variety” without much in the
way of anomalies in archived data.

However, continuously scanning and storing the

subsequent observations would be unmanageable in scale. Efficiency is needed: telescopes
have to be able to look for themselves if astronomers want to be able to spot transients in
observational real time, without having to sift through archived data. Today, networks such as
‘MASTER-Net’ and the ‘Global Network of Telescopes’ (GNT) have been developed in
response to this problem.
Both networks are spread across several sites around the globe, forming their own nodal
intelligence networks. As described by the Los Cumbres Observatory (LCO), which developed
the GNT, the GNT was built for “efficiency and productivity” so that:
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[the] ability to make continuous astronomical observations over periods of several days
means that different types of observations and new discoveries can be made… because
our multiple telescopes, while located at sites all around the world, are connected via
the internet and centrally controlled to act as a single scientific instrument….”23
This, according to Jean, is where big data comes in: computational systems are used to compile
and compare historical data and alert astronomers to changes in the “parameter space” of the
sky. (See Figure 9 below.) The detection methods used for MASTER-Net or GNT are similar
to the detection algorithm described earlier. However, the parameters have a distinct difference
– here, the detection software automatically compares the parameter space to historical data,
and alerts astronomers to any “bumps in the night”.
Jean’s elucidation of these automated systems made it strikingly clear: semi-supervised
algorithms are here to stay and astronomers are standing on the edge of an event horizon. Full
automation? Could observatories be globally interconnected? The answer was emphatic:
Jean: In a few years, we will have an intelligent observatory at Sutherland which will
be responding automatically to alerts, will classify them and will decide which
instrument to go for… That’s where we’re now, right now, planning, spec’ing, and
working towards automating the telescopes in the plateau [without human
supervision]…
Joshua: Do you think one day that it could hopefully be globally interconnected?
Jean: Yes… we’re not the only observatory wanting to do this… (Jean, Interview, 12
October 2018)

23

lco.global/about/ [accessed 9 December 2018]
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triggered transient

alert. (Source:

salt.ac.za/news/breaking-news-salt-gravitational-waves/.)24

7.2 Global relations: “We have the people & the technology, we just don’t have the
money”
From the age of about four years old, Paul was encouraged by his father to pronounce the
names of our solar system’s planets, such as Saturn or Uranus. His father, realising the
unlikelihood of Paul’s success, found it hilarious when his son failed. As a curious and
determined four-year old, Paul eventually asked his father why he did this, prompting him to
share the pictures of our solar system with Paul. Paul never looked back and has been
fascinated with astronomy ever since.
In my discussion with Paul, I was particularly drawn to his view on how South Africa would
benefit from the national government’s investment into astronomy.

24

The MASTER-SAAO telescope (part of the MASTER-Net network). This alert was produced on the 18th of
August 2017, when MASTER-SAAO detected an observed gravitational-wave transient within the observation
‘field-of-view’ of SAAO Sutherland. [accessed 24 November 2018].
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… the biggest reason, I think, that it’s good for South Africa is, is, it’s going to allow
people to be trained in things that the rest of the world is also looking for… But, the
spin-offs of that technology are going to create a million jobs forty years from now…
so I think it’s a big gain…. (Paul, Interview, 12 October 2018).
As narratives forming around the country’s inclination to be part of the human exploration of
the universe have become ever more popularised, one pertinent example is a foreword from an
illustrated volume released by the SALT foundation. The forward cites a childhood memory
of Nelson Mandela, where he witnessed the performance of a ‘praise poem’ by a Xhosa artist,
Mqhayi. Mqhayi’s performance told of how he had personally
… apportioned the stars to the nations of the world… [and] conceded the Milky Way
to greedy European colonisers…[but then] sank down on his knee and apportioned the
most important Morning Star to the ‘House of Xhosa’, thus spurring a huge sense of
pride among his audience... (Dubow, 2018: 22)
Despite the sense of a new era dawning in South African astronomy, one of skill and economic
development and of being at the frontier of scientific discovery, the historical theme of reliance
on international funding still looms.

With large investments from foreign countries,

particularly in the case of the SKA, South African astronomy’s escape from the confines of its
colonial past seems uncertain (Dubow, 2018: 23). In this context, particularly striking was
Thomas’s comment on the uncertainty of how the data from SKA could be distributed, due to
the “substantial financial distributions between different countries”:
… it may not be as simple as, say, ‘okay, each gets 10% of the data… [maybe] those
that host the telescopes, will be in the best position to actually host the data archiving…
But, then, I mean, you will want to do some sophisticated data processing somewhere
else… “ (Thomas, Interview, 11 October 2018).
Notably, Thomas’s hypothetical solution echoed the historical theme of astronomical data
being moved from South Africa to be analysed in foreign institutions (Dubow, 2018: 17). In
juxtaposition, Paul provided a clear explanation of the state of global relations: money and
reliance. In his words:
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… South Africa, specifically, we don’t have the money to build the telescope ourselves…
We have the people, we have the technology… we just don’t have the money to put
people through the entire process, whereas the northern hemisphere, they have the
money but they don’t have the locations to put the telescopes…” (Paul, Interview, 12
October 2018).
Although contemporary South African astronomy is positioned within a narrative of a new era,
this dilemma is not without precedent. Will South Africa actually be able to make use of the
knowledge being generated? (Dubow, 2018: 23-25) Or is it a case, as Thomas has suggested,
of South Africa having the information but the actual knowledge production being left to the
experts in the north? A new knowledge frontier is seemingly emerging: the Karoo.
7.3 SALT and stars, viewed through the “technological sublime”
Then and now, people viewing the globe and universe through the frame of the
technological sublime experience a shrinking of space and an expansion of the reach of
habitability (Messeri, 2016: 167).

Figure 10. Sign on the road between the town of Sutherland and the SAAO.

My observation of SAAO Sutherland and the town itself was undertaken in two phases. First,
as noted, I travelled with astronomers to the SAAO complex at Sutherland, over two days. My
second trip to Sutherland later the same month was intended to give me a better contextual
grounding in the town itself. In what follows my observations from both trips have been
integrated for descriptive purposes.
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Table Mountain quickly faded into the background, with the Huguenot tunnel marking a
distinct point in the expanding “habitability” of astronomers. The tunnel felt like a wormhole.
The high mountain peaks of the Western Cape, alongside large open spaces and green
farmlands slowly turned into rolling hills, red stained soil and small, purple shrubbery. Most
of the astronomers slept during the journey, just waking briefly at the half-way stop farmstall,
aptly named Padstal (roughly meaning ‘road store’). As we entered the ‘High Karoo’ around
Sutherland, one could see a characteristic Karoo koppie rising above the town, with the familiar
dome-like structure of an observatory in the far distance. I wondered whether perceptions of
the distances of space and time between Sutherland and Cape Town were relative. Temporality
might differ for an astronomer who gazes up onto the stars, through what Messeri describes as
the “technologically sublime”. A shrunken cosmic perspective, with its roots found in the
experiential value of being able to go beyond the immediate, local and familiar is, according
to Kant, central to the human realisation of being able to overcome our own limitations through
the material domination of nature – to overcome the natural and manifest what we see fit
(Messeri, 2016: 167). Much like the overcoming of the memory limitations of our own brains,
through developing partial script, so too are we developing systems to overcome the
unimaginable scale of the universe itself.
The town of Sutherland is accessible from the N1 arterial via a single tarred road, which
continues as far as the SAAO site outside the town. Beyond this, one can only travel on gravel
roads. A distinct connection between town and observatory is evident: guesthouses named
‘The Jupiter’ and ‘The Blue Moon’ and advertising for amateur ‘sky-gazing’ reflect the
enmeshment of identity. In 2002, the local municipality symbolically acknowledged this
connection, by building pedestals along the main road, each symbolising a specific planet
(Groenewald, 2006: 15).
According to Groenewald (2006: 15) the agreement signed between the SAAO and the Karoo
Hoogland Municipality in which Sutherland is located assumed indirect economic benefits for
the town from the presence of the observatory, produced by increased tourism and the supposed
overall economic advantages to flow from that. The complexities of the local politics and the
ambivalent views of many local residents regarding this connection emerged during my second
trip to Sutherland. On my first trip, however, it was the observatory that was my primary focus.

42

Sociology & Anthropology Honours Research Project 2018

J. Musson - 17587751

Upon arrival, Fredrick, the head service-observer, informed me that I would be able to
accompany him to the telescope that night; I would be given a guided tour of SALT and could
observe how astronomers worked at night - in a space of observing at. Fredrick picked me up
from the SAAO residence at around 19:00, an hour or so after supper. He explained how that
night would be his “overlap” with the other service-observer, in which they would work
together and discuss any issues encountered over the previous week of observation. The SALT
telescope is inhabited every night, all year round, except on rare occasions when maintenance
is required. Fredrick first proceeded to take me on a tour of the SAAO plateau, during which
he informed me that many of the other telescopes on the site are uninhabited and robotic or
automated, meaning that they are either operated from other places around the world or are
fully automated, relying on computation software (Fredrick, Interview, 16 October, 2018).
Thus, the majority of the telescopes up on the SAAO Sutherland plateau are a means to observe
from. For example, the MONET telescope, operated from Germany at the University of
Gottingen (see Figure 11 below), and the KMTNet telescope, which is operated from South
Korea, are both robotic telescopes, automated by means of computational software that is
supervised.

Figure 11. The MONET telescope, robotically operated from Germany (Image: J Musson)

After the tour of the plateau we made our way to the SALT dome. Fredrick kindly gave me a
tour of the telescope, and attempted to explain to me what the various instruments were,
pointing out the fibre-optic cables used to transport the data to the servers below, the lens
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housing filters and a “slit” (where the light enters into and is captured by the optic fibre cable),
and finally the laser that sits above the 91 “Honey-Comb” mirrors that is used to align the
telescope (Fredrick, Interview, 16 October 2018). (See Figures 12 and 13 below) Viewing these
complex instruments I was able to garner the sense of domination over nature described by
Messeri: “… the technological mundane dominated the heavenly sublime …” (2016: 168).
A common view of astronomy imagines the lone astronomer peering into a telescope in the
dead of night. However, my night at SALT was spent within constant light, in front of
computer screens, accompanied by automated beeping sounds indicating the completion of an
observation, and the loud cranking of machinery signalling the realignment of the telescope for
the next “queued” observation (Personal Observation, 16 October 2018).

Figure 12. The 91 mirrors of the SALT telescope located inside the observatory dome. (Image:
J Musson.)
Yet this process, often cited as practical and necessary, has additional values. It is also a place
of social interaction, where knowledge and social capital are accumulated. The observatory is
not just a place for the collection of data and research; it is not a space used solely as an
instrument: it also has, as noted by Messeri (2016: 174), social benefits. Unlike the automated
telescopes discussed previously, SALT still serves as a site of interaction, which was
particularly evident to me as I watched the dynamics among the service-observer, an astronomy
student, and the telescope operator through the night. As described by Messeri (2016: 174):
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Inhabiting the observatory has to do with creating the social ties that enhance scientific
work: between teacher and student, astronomer and telescope operator, and
astronomers from different universities. One goes to the (seemingly isolated)
observatory to build connections. New technologies of observation have complicated
this relationship between habitation and observation. The observatory is not the only
place where astronomy can be practiced. Yet the legacy of the observatory makes
astronomers hesitant to vacate it, and thus new uses of these spaces are now apparent.
Inhabiting the observatory is shifting from an epistemological necessity to a social
benefit….

Figure 13. Observation of a star. The ‘slit’ is clearly observed in the middle of the screen,
where a black line runs down the centre. (Image: J Musson.)
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Figure 14. A spectrometer reading of the observation which analyses the quality of light
coming from the object observed. (Image: J Musson)

8.   Conclusion: Automation, Habitation and Decontextualisation in the
Process of Representation
Certain forms of knowledge and control require a narrowing of vision… it brings into
sharp focus certain limited aspects of an otherwise far more complex and unwieldy
reality… [and] makes the phenomenon at the centre of the field of vision more legible
and hence more susceptible to careful measurement and calculation (Scott, 1999: 11).
Through the process of my literature review, it became clear that astronomy has been enmeshed
historically with the development of quantification methodologies and technologies.
Contemporary astronomy is not divorced from this process. In the age of datafication,
astronomy has been caught up in a particular process of legibility that, in turn, has given rise
to further complexity (Scott, 1999: 25-27). Astronomy has needed to standardise its digitised
archives in order to solve a problem of access (Thomas, Interview, 11 October 2018).
Datafication was necessary – mass archival information needed to be useful. Therefore, by
46

Sociology & Anthropology Honours Research Project 2018

J. Musson - 17587751

2011, the IVOA had centralised the standards needed for data storage and processing. The
problem of access was solved and, with that, a new way of representing data was possible:
multiwavelength data-fusion.

Astronomers were now able to layer various types of

astronomical data, giving a better analytical representation of what they were looking at.
However, this simplification, this narrowing of vision, proceeded to ramify into a new issue of
storage and processing capabilities.

Earth-based astronomy now had to learn from the

playbook of space-based astronomy – they needed big data (Thomas, Interview, 11 October
2018). A corollary of this is that the infrastructure and skills required to develop big data
systems has necessitated increasingly large financial investment with stakeholders who hold
massive financial power – much like the multinational consortiums we see today with the SKA,
for example.
Larger financial capital has expedited the development of astronomical infrastructure, data
collection and processing techniques. As a result, much like throughout history, astronomy
has pushed the boundaries of what is possible. The problems of access and datafication gave
way to a subtler yet equally critical problem: that of efficiency. Maintaining the flow of data
became crucial in order to maintain the efficiency of astronomical discoveries – conventional
astronomy had to be able to show results to justify the increasing cost of its infrastructure: it
had to prove its “bang for buck”. In response to the problem of storage capabilities facing a
bottleneck, astronomy is now set to develop fully automated data collection and processing
capabilities. Networks such as MASTER-net and GNT are the precursors to ‘intelligent
observatories’. The automation of conventional observatories is set to make the Archimedean
point between earth-based and space-based observational methods indistinguishable. The act
of observing at will therefore become conspicuously unnecessary (Thomas, Interview, 12
October 2018).
Once this point has been reached the role of a physically present observatory-based operator
will not add any “value”, especially when one can operate a telescope from the other side of
the world. Although conventional astronomy has already witnessed a relative change in the
way the observatory is inhabited, in a growing separation between the technical and the natural,
this shift is set to transcend current understandings of what it is to be an astronomer altogether.
No longer will the observatory act as a nostos (“journey home” in Greek) for conventional
observers (Messeri, 2016: 186). Data will be collected, stored and processed automatically.
Furthermore, when there is something interesting – when there is a sudden ‘bump in the night’
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– the representation of astronomical data will be directly through the technological sublime: a
computer screen, sitting on a desk, most likely within the confines of an ordinary office,
disconnected from the physical site of a telescope. The process of representation will therefore
become decontextualized, separated by vast distances from its point of observation in the
specific technical and natural locale of an observatory (Messeri, 2016: 152). A pertinent
example of this is the SKA’s data processing office which is located in the suburb of
Observatory in Cape Town, some 600 kilometres from the infrastructural site in the vicinity of
the Karoo town of Carnarvon.25
However, the narrowing of vision, of attempting to standardise, utilise, and manage, has set a
precedent for complex feedback loops that are set to bring back the uncertainty of access to
data for astronomers. As observed by Messeri (2016: 179-180), due to the shift in habitation,
the question of access in space-based astronomy has already become precarious:
Instead of the place of work being at the observatory, it can be at any conference
facility… [However] Inhabiting the distributed network of either ground or space-based
observatories is as much (if not more) about the abstract notion of access to data and
the social networks that care for and interpret that data as it is about the concrete,
physical location….
Earth-based astronomy is set to enter this realm. How multinational consortiums are going to
distribute the data, in projects such as the LSST and SKA, is still “up for debate” (Thomas,
Interview, 11 October 2018). Thus conventional astronomers find themselves on the precipice
of an “event horizon”, on the edge of an unstoppable shift in their habitation, as a result of an
accumulation of factors: the emerging automation of data processing and collection, the
distribution of financial and other investment among different partners, and a shift in the
process of representation and the relationship between observer and the object observed.
These developments reflect a broader, historical theme around access and power. Who is able
to access the data and play a significant role in the process of knowledge production in

25

ska.ac.za/contact/ [accessed December 9]
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In the specific context of South Africa, this necessitates broader political

questions. Decontextualisation in the process of representation involves a decontextualisation
of the place from where the data has been collected, here moving beyond the observatory itself
to the local towns such as Sutherland or Carnarvon in the vicinity of where it is built. My final
interview with an astronomer who chose to be anonymous highlighted this challenging issue.
As this informant noted, the development of big data infrastructure in South Africa has been
heavily reliant on the expertise of foreign astronomers. This “makes it very easy for people
with lots of experience just to come in and continue to do it” (Anonymous, Interview, 22
October 2018). At the same time, understanding the local impact of these processes is
particularly important in the context of the Karoo, given its colonial history “as a very early
contact zone between … indigenous ‘Khoisan’ societies and the European settlers moving into
the interior from Cape Town” (Walker, 2018).
Here it is necessary to consider to what extent projects such as the SKA and SALT are
producing a movement away from astronomy’s colonial legacy in South Africa. Will South
Africa actually be able to utilise these developments? (Dubow, 2018: 23) Will local people in
the Karoo benefit?
… we need to be careful, I think, to make sure that South Africans are using the data
that we generate… [and] that it’s not just being generated here and shipped overseas…
sadly I’m not sure (.) how much of that spin-off happens for the people actually living
in [the Karoo] … I think big data is very far removed from them… (Anonymous,
Interview, 22 October 2018)
Astronomy in South Africa seems to be caught between two distinct poles: one signalling
progress and developmentalism, the other, more subtly, signalling the historical legacy of
scientific colonialism and continued reliance on foreign expertise. In the contemporary world
of automation and the decontextualisation of astronomical data, there are strong historical
precedents for the production of astronomical knowledge “being shipped overseas” (Dubow,
2018: 17).
As South African astronomy sets to move deeper into the Karoo through the development of
the SKA, taking particular care to avoid replicating this history is salient. As the “observing
eye—the technologies of observation—retreats ever further from the Earth’s surface as
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observational practice becomes more withdrawn from earthly locales” (Messeri, 2016: 152153) it becomes ever easier to decontextualise the space in which the process of knowledge
production has started. In concluding this research report I therefore stress the importance of
further research on how government and local astronomy institutions view the process of
knowledge production and how the distribution of data among the multinational partners of the
SKA will proceed as that project goes forward.
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Appendices
Appendix 1: Interview aide
Interviews conducted between the 8th-12th, 16-17th, and 28th-31st of October will all follow a
semi-structured interview methodology.
1.   Introduction of researcher: name, area of focus, interest, place of study. Explanation of
project; Big Data, use in Astronomy, how it is changing the professional life of an
Astronomer. Study under the Research Chair of Land, Environment, and Sustainable
Development.
2.   How long has participant been involved in their professional field?
3.   How did they become interested in this field?
4.   Where are they from; family history, country etc.?
5.   Where did they study?
6.   What is their specialisation within the field of Astronomy?
7.   Relationship with Sutherland (SALT): How often are they on site? Do they like it?
What work do they do in Sutherland and Cape Town, and is it different?
8.   How does ‘Big Data’ inform their work?
9.   What is the history of ‘Big Data’; generally or within their specific profession etc., do
they have a personal history with ‘Big Data’ prior to their work within Astronomy?
10.  Is there an issue of scale when using ‘Big Data’ within Astronomy? How do you assess
an algorithms effectiveness? If so, how is this issue dealt with? GIGO?
11.  What does this mean for South Africa? How does it benefit South Africa; who has
access to it, and who/what place within/apart of Astronomy benefits from this method
of knowledge creation? Spin-offs?
12.  What role/position/benefit/ does the global ‘North’ have in this? Is it significant?
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Appendix 2: Informed consent form

  
  
  
CONSENT TO PARTICIPATE IN RESEARCH

You are invited to take part in a study conducted by Joshua Ashley Musson, from the Sociology & Anthropology
Department at Stellenbosch University. You were approached as a possible participant because you work or are
connected with ‘big data’ within the field of Astronomy, at SALT, IDIA, or SKA.

1.   PURPOSE OF THE STUDY
The purpose of this study is to understand how ‘big data’ is affecting the way in which Astronomers conduct their
professional life/work.
2.   WHAT WILL BE ASKED OF ME?
If you agree to take part in this study, you will be asked to explain how you are using ‘big data’ to conduct research
at SALT, IDIA, or SKA, and how this might be changing the way in which you are approaching your professional
work.
3.   POSSIBLE RISKS AND DISCOMFORTS
Disclosing how you conduct your work and for what reason you do so, might be a discomfort to you. If this is
the case, please inform the researcher as you have the right to withdraw from this study at any moment, while
maintaining anonymity.
4.   POSSIBLE BENEFITS TO PARTICIPANTS AND/OR TO THE SOCIETY
This study intends to understand how the professional life of an Astronomer is changing due to the use of ‘big
data’. This will give greater access to the general public and other academic departments in being able to
understand this shift, particularly within Astronomy. It also helps to shed transparency in how institutions such
as SALT, IDIA, and SKA are conducting research.
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5.   PAYMENT FOR PARTICIPATION
Participating in this project provides no compensation and is done solely on a volunteer basis.
6.   PROTECTION OF YOUR INFORMATION, CONFIDENTIALITY AND IDENTITY
Any information you share with me during this study and that could possibly identify you as a participant will be
protected. This will be done by using a pseudonym.
7.   PARTICIPATION AND WITHDRAWAL
You can choose whether to be in this study or not. If you agree to take part in this study, you may withdraw at
any time without any consequence. You may also refuse to answer any questions you don’t want to answer and
still remain in the study. The researcher may withdraw you from this study if you are unwilling to share job
description and how your professional life is conducted within SALT, IDIA, or SKA.
8.   RESEARCHERS’ CONTACT INFORMATION
If you have any questions or concerns about this study, please feel free to contact Joshua Musson at
17587751@sun.ac.za and/or the supervisor David Chinigo at dchinigo@sun.ac.za
9.  

RIGHTS OF RESEARCH PARTICIPANTS

You may withdraw your consent at any time and discontinue participation without penalty. You are not waiving
any legal claims, rights or remedies because of your participation in this research study. If you have questions
regarding your rights as a research participant, contact Ms Maléne Fouché [mfouche@sun.ac.za; 021 808 4622]

at the Division for Research Development.

8.1.1  

DECLARATION OF CONSENT BY THE PARTICIPANT

As the participant I confirm that:
•  

I have read the above information and it is written in a language that I am comfortable with.

•  

I have had a chance to ask questions and all my questions have been answered.

•  

All issues related to privacy, and the confidentiality and use of the information I provide, have been
explained.
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By signing below, I ______________________________ (name of participant) agree to take part in this research
study, as conducted by Joshua Ashley Musson (St. 17587751)
_______________________________________

____________________

Signature of Participant

Date

DECLARATION BY THE PRINCIPAL INVESTIGATOR
As the principal investigator, I hereby declare that the information contained in this document has been
thoroughly explained to the participant. I also declare that the participant has been encouraged (and has been given
ample time) to ask any questions. In addition, I would like to select the following option:

The conversation with the participant was conducted in a language in which the participant is fluent.

The conversation with the participant was conducted with the assistance of a translator (who has signed
a non-disclosure agreement), and this “Consent Form” is available to the participant in a language in
which the participant is fluent.

____________________________________________________________
Signature of Principal Investigator
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