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Abstract

This thesis examines how scientific communities alvhare heterogeneous among
themselves communicate and collaborate to produmevledge on climate change.
Climate-change science is a relatively new fieldneestigation and it includes experts
from virtually all areas of scientific enquiry. Ehfield is not, however, a homogeneous
transdisciplinary area of research so that theewdifft scientific communities that
compose it have to bridge the gaps among themsdtvelse able effectively to
communicate and collaborate. | use Collins and EV@007) realist theory of expertise
combined with other relevant Science and Technoftgylies concepts, particularly the
notions of trading zones (Galison 1997; Collinsakt2007) and trust (Giddens 1990,
Shackley and Wynne 1995b; Reyes-Galindo 2011) pdagx how different groups of
experts build bridges between their heterogeneousd of life. As climate-change
science is too broad to be covered in one PhD girdjdocus on paleoceanography, a
subfield of geology that reconstructs past oceaastleir interactions with the climate
system. | use the fractal model (Collins 2011) toven through different levels of
analysis and examine the different bridge-buildingechanisms between expert
communities at work at each of them. The main doution of the present work is to
identify and explain how the various mechanisms thediate communication between

expert communities come into play at different levad analysis.
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Introduction

This thesis is on knowledge production in climabemmge science. This field is
remarkably heterogeneous as over the past few deocadually all fields of science
have become somehow involved in it. Knowledge dpced across disciplinary and
national borders, which entails a high degree ofdimation between scientists and the
formation of multi and interdisciplinary researctojects (Jasanoff and Wynne 1998;
Edwards 2001, 2010). Climate-change science, heryelé not a homogenous
transdisciplinary field. Rather it is a conglomeyat of scientific fields revolving
around the same topic and creating links among skkmas to address particular
research questions (Jasanoff and Wynne 1998; Edwzddl1, 2010). The Science and
Technology Studies (STS) literature has shown ¢batmunication and collaboration
between scientists belonging to different expememnities is not straightforward (e.qg.
Fleck 1935; Kuhn 1962; Galison 1997; Collins et28l07) and studies have shown that
this is also the case in climate-change sciencad@&y and Wynne 1995b; Sundberg
2006, 2007). The present work seeks to work out lsowentists bridge the gaps
between their different fields of expertise in orde produce knowledge on climate
change. It focuses on communication, which is ustded here in a broad sense
including face-to-face, telephone, webcam, and kewm@aversations as well as the
reading of scientific papers or the use of secondata. | will use Collins and Evans’
realist theory of expertise (Collins and Evans 20@QR07; Collins 2010, 2011)
associated with other STS concepts, especiallyntimns of trading zones (Galison
1996, 1997; Collins et al. 2007) and trust (Gidd&880), to identify how experts from
different communities communicate and collaborat@roduce knowledge on climate

change.

The problem of communication between different ekpmmmunities has a long
history in STS as well as among some of its prestrs. In what could be called the
prehistory of STS, Fleck (1935) and Kuhn (1962) neixeed the difficulties of

communication between individuals belonging to efiéht social groups (members of
different thought collectives and different tradits of normal science, respectively).

Both authors pointed out that different social gr®unold different worldviews which



prevent their members agreeing on matters sucthather an experiment really proves
something or whether a fact is really a fact, €tas issue is not difficult to grasp if we

take social groups with radically different beliedisd ontological commitments as
examples, such as the debates between creatiangtevolutionists. Whereas biblical

passages are legitimate pieces of evidence fronpéhgpective of creationists, for an
evolutionist they are only religious mysticism. @ersely, any empirical evidence put
forward by evolutionists against creationism witbtrbe accepted by creationists as
more relevant than their religious beliefs. Commoation between these groups

therefore is bound to be difficult.

Within science itself there are also issues in comgation. Kuhn (1962) offered
several example of this. Proponents of the Ptolesystem, for instance, classified the
moon and the sun as planets. Within the Copermeaadigm, on the other hand, the
moon is seen as a satellite, which is a conceptdidanot exist within the Ptolemaic
system, and the sun is regarded as a star. Smemdabulary changes and defenders of
different theories might end up talking about thene entities but attributing different
meanings to them. More importantly, these meanimgnges also present ontological
and cognitive issues. To understand this poirg itdcessary to introduce a sociological
theory of knowledge and language based on the saplucal work of Wittgenstein,
which was initially set out by Kuhn (1962, 1974)dathen further developed by
sociologists of science (e.g. Barnes 1982; Colli#85Y. According to this theory, the
empirical world can be classified and understoodeweral different ways by different
social groups. Language mediates the contact ofhumings with the empirical world
in the sense that it groups certain empirical Estiunder similar concepts while it
differentiates others by using different conceptsalk about them. In other words, the

way we use words establishes certain relationsiroilagity and difference between

! | acknowledge that there are differences betweehnkand the sociologists of knowledge inspired by
his work (e.g. Bloor 1976; Barnes 1982; Collins 3p8Nhereas Kuhn hesitated in accepting all the
sociological consequences of his idea of paradigchiacommensurability, these sociologists embraced
his sociological insights and developed a whole figld of investigation: the sociology of scientifi
knowledge. An example of Kuhn’s hesitation was kiefiending the idea that epistemic values could be
used by scientists to choose between competingidised his would be a way of finding some ‘ratignal
criteria for theory choice. His own sociologicakights, however, undermine this point as in défifier
communities theses values are evaluated and weidiffedently so that they cannot resolve issues of
theory choice when it comes to controversial issues



empirical phenomena. What is considered a plangimone community is regarded as

a satellite in another.

These worldviews carry with them not only a systanelassification of the world, but
definitions of what is real and what is not, orpther worlds, ontological commitments.
Whereas according to Priestley there was a sulestaalled phlogiston which was
associated with combustion, according to Lavoispnogiston did not exist (Kuhn
1962). According to Lavoisier’s theory, combustwould need oxygen, an entity that
did not exist within the phlogiston theory. KuhmO@R) has phrased this idea in an
influential way when he stated that proponentsashjgeting scientific theories lived in

‘different worlds’.

The major sociological point in this theory of lalage and knowledge is that these
systems of classification are only learned andstratied within collectivities (Barnes
1982; Collins 1985; Bloor 1997; Collins and Evar@®?2;, Collins 2010). This means
that one cannot fully understand a particular wada if one is not socialised within it.
This is because using concepts ‘correctly’, thaaczording to the agreed way of using
them in a collectivity, depends on rule-followingowever, as we know, following
Wittgenstein’sPhilosophical Investigation§1953), rules do not contain the rules for
their own application. It is necessary to be imradrg a domain so as to acquire tacit
knowledge to follow its rules according to the slards of the community (Collins
1985; Collins and Evans 2007; Collins 2010). Aseault, individuals belonging to
different social groups who have not been exposedach other's language are, in

principle, expected to have problems in commurocati

The problem of communication between different alogroups is therefore seen as an
issue related to thelreterogeneitylf religious groups and scientists, for instanoeld

similar worldviews, they would be able to commuteceffectively. However, because
their worldviews are conflicting, they are not albtefully understand and agree with
each other. Similarly, competing expert communites also bound to have issues in

communication.



When it comes to communication and collaboratiortwben different expert
communities producing knowledge on similar topgsues in communication are less
related to competing worldviews and more to a laicknderstanding of the process of
knowledge production in the other community as veslof their interests and tacit
rule€. The distinction | am drawing here is betweesmpeting communitieand
heterogeneous collaborative communitidfie former have opposite positions in a
scientific controversy, for example, creationisitsl @volutionists. The latter consist of
communities that have different expertises, uséemiht methods and instruments,
speak different technical languages, but do notehapposite worldviews and are
looking to communicate and collaborate. | am irdtre in the latter. | am more
interested in paleoceanographers and paleo-mosledlein computer modellers and
meteorologists willing to collaborate and producmwledge together than in sceptics
on climate change disputing the reality of anthggroc global warming. Because of
the disunity of science (e.g. Galison and Stump6)96r, in other words, because
scientific domains are heterogeneous, experts fisifferent communities might
experience a feeling of estrangement or a lackuoflerstanding when communicating

with experts from other fields.

Heterogeneity between Expert Communities

Collins and Evans’ (2002, 2007) theory of experissaseful to understand the issue of
heterogeneity between different expert communitielsey argue that expertise consists
of the tacit knowledge shared within a domain @fqtice. In this sense, expertise is not
defined by the subject, but by the acquisitionawittknowledge. One can be an expert
in things as diverse as speaking a language, siengineering, gardening, music, arts,
building, sports, astrology, and palm reading. holerstand this point let us return to
the idea set out above that to learn a languaigengécessary to have immersion in the

form of life of its speakers. This is because usingcepts correctly depends on rule-

2 Problems of communication are also sometimes &dsdcwith the incommensurability thesis (see
Kuhn 1962 and Feyerabend 1993[1975] for the orlgliscussion on this thesis). | decided not tothse
term as it has generated a great deal of confusiterms of its meaning and | believe it is moréphd

for examining competing scientific communities eathhan different ones looking to work on similar
issues.



following. One cannot become proficient in a langmasolely through reading
dictionaries, stories and grammar books or throligfiening to broadcasts. A child
learning his or her mother tongue, for exampleiniga through immersion in his or her
own society. Only later in life he or she mightrie#o read and the formal rules of the
language. Most people never study grammar and spak their mother tongue

fluently.

The same need for immersion applies to other dmnainpractice. Scientists, for
instance, go through a long process of immersiothénrelevant scientific community
to acquire expertise. This process includes ams/isuch as attending conferences,
conducting research under supervision of experiénagesearchers, informal
conversations in the corridors of universities, @it these activities give an individual
a sense of what the main issues within a scierftéid are; which theories should be
taken into account when researching; which vargable really important in research;
which scientific works are outstanding and which apot; and so on. In sum, through
these activities students acquire the tacit knogdedf the field (Collins 2010). The
acquisition of tacit knowledge enables experts tkeninformed judgements within
domains of practices according to the standardsle¥ant the community.

High-level specialist expertise can be divided itwo types (Collins and Evans 2007):
contributory expertisewhich consists of the skills necessary to contglto a domain
by engaging with its practices; amderactional expertisewhich consist of the mastery
of the language of a domain. Scientific domains leterogeneous because they have
different languages and different practices. Welgards to language, each scientific
community has their technical vocabulary and thamrey of concepts used by a group
of scientists is not always straightforward to menshof other research areas (Galison
1997; Collins 2011). As pointed out above, learnimgse a language correctly requires
a long socialisation process in the relevant comtpuihe contrast between cultural
anthropology and quantum mechanics illustrates fgosit. Scientists from these
communities have very little shared technical vodaty that they can use to
communicate about their domains. Furthermore, gaear above, language classifies

the world and attributes meaning to it, providingividuals with worldviews. When it



comes to heterogeneous collaborative communitiesniot expected that scientists will
experience major disagreements as in the caseenitiic controversies. Yet, scientists
who speak different languages sometimes see arssifglaobjects differently. A

micropaleontologist, for instance, when lookingnatrofossils under the microscope
has a number of concepts with which he or she tassify the different species. A

sociologist, and | am a proof of this, when looketgthe same microfossils sees only
white balls and has no technical concepts thatrrghe can use to classify them. It is
worth noting that even in closer domains, howetregre might be problems of mutual

comprehension (Galison 1997, pp. 652-653).

With regards to contributory expertise, each sdienlomain has their own research
practices that can only be competently carried loptfully socialised individuals.

Scientists, however, cannot be socialised in airgdic domains at once as it takes a
long time to become a full-blown expert in a singleea of research. Scientists’
expertise is therefore limited to narrow fields in¥estigation. As science has been
increasingly becoming more divided into specialigedds of research, it has also

become more heterogeneous.

Furthermore, research practices are associated patitticular instruments. Hacking
(1992) and Pickering (1995) have put forward theaidf instrumental or machinic
incommensurability, which means that groups of rd@és using different
instrumentation sometimes produce no common measmnts so that their data sets are
not comparable. This thesis, similarly to the inooemsurability thesis set out by Kuhn
(1962) and Feyerabend (1993[1975]), was originapplied to competing expert
communities, which is not the focus of the preseotk. However, the idea that
different groups of experts use different instruteesind techniques points to another
aspect of the heterogeneity of science. This dagsnrean that all different expert
communities use different instruments and produm®mpatible data, but that this
frequently happens, especially in a diverse fieldhsas climate-change science. This
may give rise to some issues. Firstly, it creatdBcdlties for scientists trying to
interpret and integrate data sets produced by athmunities into their own work if

they have not been socialised on how these data preduced and on what the caveats



for using them are (Collins and Evans 2007; Edwaetsal. 2011). Secondly, if
scientists want to integrate data produced by atbermunities into their work but the
data sets have different resolutions, levels otipren and accuracy, i.e. they are not
compatible, the data will need to be processedamsformed in some way (Edwards
2010). Even in the case of fields of science #natnot that far apart, such as modelling
future climate change and modelling the impactdutiire climate change, there are
incompatibilities between data sets that generdteudties for these communities to
use each other’s data (Shackley and Wynne 1995b).

Different expert communities also have differedesuon how knowledge is produced
and legitimised, or, as Knorr-Cetina (1999) has iputhey have different epistemic
culture$. This means that for a scientist to be an accahed contributory expert he or
she has to internalise the epistemic culture obhiser domain and carry out his or her
research according to its rules. An example of ihithe contrast between high-energy
physics and molecular biology (Knorr-Cetina 1998pth fields are regarded as
experimental sciences, but have very distinct rebegaractices. Whereas in high-energy
physics scientists have no direct contact withrthieuscule particles they try to detect,
in molecular biology, the objects of research (agmals, cells, etc.) are continually
present in the laboratory. This has several impiactbeir research practices. In high-
energy physics, for example, scientists strugglesdparate noise from signal as any
minimal change in the instrumentation might intexfen the experiment result. When
an experiment is not successful a great deal ofteaf made towards understanding the
experimental setup and what could have possiblg gamong. In molecular biology, in
contrast, when experiments are unsuccessful ssignte-run them with slightly
different setups until they obtain satisfactoryutess There is no major effort to work

out what went wrong with the original experiment.

® Epistemic culture is the concept Knorr-Cetina usetalk about different social groups that compose
science. It plays a similar role in her theoretitainework as the ideas of form of life (Wittgeriste
1953; Collins 1985; Collins and Evans 2007), tiadibf normal science (Kuhn 1962), thought collesti
(Fleck, 1935), or social worlds (Clarke and Leighr2008) play in different STS traditions.



Finally, heterogeneity in science also relatesh distinct interests of different expert
communities. There is a wide literature, partidyladrom the early days of STS,

focusing on the diverging interests of competingwoainities, and how these interests
explained how scientific controversies would play and eventually settle (e.g. Bloor
1976; MacKenzie 1978; Shapin 1979; Barnes 1982hoiigh in this work as | am not

focusing on controversies, interests are still mpartant issue in communication and
collaboration between different expert communitaasd there have been cases in
climate-change science of scientists from diffesmeias working on similar phenomena

but not communicating due to diverging interesisn@erg 2006, 2007).

Science therefore is not homogeneous. Differenegxgommunities speak different
technical languages, have different contributory peskises, use different
instrumentation, have different epistemic culturesyd have different interests.
Communication and collaboration between them regusome effort towards bridging

these gaps.

Two Mechanisms for Dealing with Heterogeneity in Sence

There are two main sociological mechanisms that im@yove communication between
heterogeneous expert communities: tlmenogenisation of expert communiteesd the
building of bridges between expert communi(gse figure 1). There are two main
mechanisms for homogenising expert communitieqistadion of interests (Callon
1986; Latour 1987) and standardisation (Latour 19B¥sanoff and Wynne 1998;
Lampland and Star 2009; Edwards 2010). The formoesist of particular groups of
experts taking control of a network through makithg interests of other actors
converge with theirs. Translation is a particylagiffective way to reduce interest
heterogeneity. Standardisation consists of effotstandardise procedures to collect
and to process data. This is a helpful way to redssues related to instrumental
heterogeneity particularly when different expentnoounities produce incompatible data
sets. Although | acknowledge the importance of en@&chanisms to understand how
climate-change science works, they will not be fihmus of the present work. | will

discuss them in chapter 3 as they are also pattieoktory to be told about climate-



change science. However, | am much more interestechechanisms that make
communication between heterogeneous groups posasithler than in mechanisms that
reduce diversity. For this reason, | will focus efforts towards building bridges

between those communities.

f y i e

— Translation — [nter-Languages

, 7 . v

g ~ r B

Boundary
Objects

A, # h 7

— Standardisation —

Interactional
Expertise

o Trust

Figure 1: Mechanisms for dealing with heterogengitgcience.

Three main mechanisms for building bridges betwegpert communities have been
described by STS scholars: inter-languages (Gals@89, 1996, 1997), boundary
objects (Star and Griesemer 1989), and interadtexjzertise (Collins and Evans 2002,
2007). These mechanisms are not aimed to createggence of interests, rather they
only operate in contexts where heterogeneous expmrimunities arewilling to
communicate and collaborat&urthermore, they do not standardise researdttipes,
although they may work alongside standardisatidartsf (Star and Griesemer 1989;
Fujimura 1992). They facilitate communication andllaboration between
heterogeneous groups of scientists. | will arguethis work that trust is also a

mechanism that mediates communication between egparmunities. Trust has been
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the focus of a great deal of STS research (e.g.\WW989; Yearley 1999; Collins 2001;
Shrum et al. 2001; Brown 2009; Hedgecoe 2012)fdwtauthors have identified it as a
mechanism for bridging the gaps between heterogeneommunities (e.g. Shackley
and Wynne 1995b; Reyes-Galindo 2011). | will nowamine the three main

mechanisms set out above and return to trust adtelsy

Building Bridges between Expert Communities

As it has been pointed out above, three main mestmanfor building bridges between

expert communities have been described by STS ashahter-languages, boundary
objects, and interactional expertise. Collins et(2007) set out a trading zone model
that encompasses these three mechanisms of conatianiand | will use it to guide us

through this section. | will begin by introduciniget original concept of trading zones,
which was introduced to STS by Galison (1989, 19987).

Galison (1997) argued against the historiograptdegiction of monolithic traditions of
research within physics that would comprise thecaetand experimental physics. He
first argued that physics is divided into severddailtures, such as instrument makers,
theorists, and experimenters. Although these stires might deal with the same or
similar phenomena, they have different expertise lzave their own domain language.
Furthermore, despite their being connected theyndb always evolve or change
simultaneously. Progress in experimentation, fetance, might take place at a barren
period in theory development. Similarly, instrunmentrogress might be accompanied
by a period of lack of progress in theoretical pbys Galison (1996, 1997) developed
the concept ofrading zonego explain how heterogeneous scientific subcuttweuld
communicate and effectively collaborate. The idédrading zones is an attempt to
show that different subcultures of science find svaf locally bridging the gaps
between them even if at a general level they attigilalifferent meanings to the world
and to the objects involved in their ‘trade’/intetian. Galison (1996, p. 119) defined
trading zone as “an arena in which radically défdaractivities could b&cally, but not
globally, coordinated”. In trading zones, expertsuld developinter-languagesthat

would mediate their communication. They would beigyndeveloping pidgins. At this
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stage, a number of concepts from different subcestwf science or sometimes from
different scientific disciplines would be abstratteom their original context. These
would only be very rudimentary inter-languages Wwhiould have only a few words.
They are too simple to be the native tongue of gsoaf people and are useful only for
basic communication between different social groulps the case of continued
interaction these pidgins would become more compbaxstituting an autonomous
creole language. At this stage a new field of smemnould emerge with its own experts,

research problems, journals, etc.

Collins et al. (2007) argued that inter-languagesewonly one type of trading zones.
Interactions between different forms of life takge through other mechanisms for
bridging the gaps between them. They classifiedingp zones according to two
dimensions: whether they are collaborative or deerand whether the interactions
may result in the development of a new homogenealiare or not. According to this
model there are four types of trading zones: itdeguage, which is collaborative and
might become a new homogeneous culture; fractidnatdich is collaborative and
might not become a new homogeneous culture; suleemshich is coercive and might
become a new homogeneous culture; and enforcedhwhicoercive and might not
become a new homogeneous culture (see figurevi@)l hot go into the details of the
coercive types of trading zones as in the presemtkw am only interested in

collaborative work.

Inter-language trading zones are those in whicbraations take place through the use
of pidgins and creoles, i.e. through new trade Uaiggs that are developed to mediate
communication between heterogeneous social graWpen they reach the stage when
they are homogeneous, i.e. communication is metliayea full-blown creole around
which a whole new culture develops, they stop béiading zones. An example of this
is biochemistry. This is an autonomous domain waifhlly-fledged creole spoken by its
members and not a trading zone where heterogerssmigl groups interact through

inter-languages.
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Homogeneous Heterogeneous
Inter-language Fractionated
. Biochemistry Boundary Interactional
Collaboration Nanoscience Object Expertise
Cowrie shell Interpreters
Zoology Peer Review
Subversive Enforced
C . McDonalds Galley Slaves
oercion Relativity Use of AZT to treat AIDS|

Figure 2: A general model of trading zones (Colkhsl. 2007, p. 659).

Fractionated trading zones, on the other hand,addead to the development of new
homogeneous domains. Collins et al. (2007) poiotgdthat there are two mechanisms
that mediate interactions in this type of tradingnes: boundary objects and

interactional expertise.

In the case oboundary-object trading zonemteractions take place around objects, be
they abstract or concrete. Boundary objects areorecept developed by Star and
Griesemer (1989) to explain how a range of actoetoriging to different and
heterogeneous domains, such as zoologists, amataliectors, university
administrators, curators, clerical staff, taxidestmi etc., interacted in a zoology
museum. All these groups had their own interestistb@y had to be reconciled in a way
that worked for all of them. Star and Griesemeranrargument is that there were some
objects that mediated the interaction between tlgesaps, such as specimens, field
notes, museums, and maps of relevant territorieth®dmuseum activities. Each group
would attribute different meanings to them so tinetir interactions would take place

without any group imposing coercion over the others
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[A boundary object] is an analytic concept of thesentific objects which both inhabit several
intersecting social worlds [...] and satisfy the imf@tional requirements of each of them.
Boundary objects are objects which are both plastiough to adapt to local needs and the
constraints of the several parties employing thget, robust enough to maintain a common
identity across sites. They are weakly structuredommon use, and become strongly structured
in individual- site use. These objects may be alostor concrete. They have different meanings
in different social worlds but their structure @nemon enough to more than one world to make
them recognizable, a means of translation. Thetioreand management of boundary objects is
a key process in developing and maintaining coleereatross intersecting social worlds (Star
and Griesemer 1989, p. 393).

The second type of fractionated trading zonesaswhose main mechanism mediating
interactions is interactional expertise. In thiseaxperts from a domain of practice
learn the language of another domain without acugitheir practical skills. As pointed
out above, within Collins and Evans’ framework, liigvel specialist expertise can be
divided into two types: interactional expertise awhtributory expertise (Collins and
Evans 2002, 2007). It is possible to acquire irtiwaal expertise in fields in which we
do not have contributory expertise and beconspexial interactional expertCollins
2011). Sometimes scientists acquire a linguistaeustanding of the practices of a field
which is not their own and become able to effetyimmmunicate with its members
(Collins 2011; Reyes-Galindo 2011). Interactiongpextise in this case works as a
mediating mechanism between heterogeneous experimaaoities and facilitate

interactions in fractionated trading zones.

| have pointed out above that trust is also a n@shathat bridges the gaps between
heterogeneous expert communities. Trust howeves doe fit that easily within the
trading zone model set out above because it pld#feraht roles in different social
configurations. There are several definitions obtrin the sociological literature (see
chapter 7 for more on this). In this work | use tledinition set out by Giddens (1990),
which has more explanatory power to deal with thgué of trust in contexts of
interactions between heterogeneous expert comragniiccording to Giddens, trust is
a crucial sociological mechanism in modern socsetirewhich individuals frequently
deal with ‘expert systems’ that they have veryditnowledge about. An example of
this is traffic lights. Most people do not understathe complicated system
underpinning the working of these devices but tthat they will work properly. With

regards to heterogeneous scientific communitiasst tcomes into play when one
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community cannot make informed expert judgementutltnowledge produced by
other communities. In this case, they can onlyttouglistrust the theories, experiments,
data, etc., produced by these other groups of exfeig. Shackley and Wynne 1995b;
Reyes-Galindo 2011). As | will explain further irnapter 7, trust works here as

‘suspension of doubt'.

Having thus far described the reasons for theadifies in communication between
different expert communities and having preseniéfidrdnt models for explaining how
these social groups bridge the gaps between te@rdgeneous domains, it is now time
to develop more fully the objective of the presentk. | will seek to shed light on the
sociological mechanisms that enable experts frostindit fields of expertise to
communicate and collaborate to produce knowledgeliomate change. | will provide
further details below on the high level of hetemgey of climate-change science, but
for the moment it is enough to state that thisne of the most heterogeneous areas of
science in that it comprises experts and contimgti from virtually all areas of
contemporary science. For this reason, climate-gdacience is an interesting case for
STS. It presents several sociological challengéste® to the interactions and to the
exchange of knowledge between its members.

Studying the entirety of the interactions betwekikiads of experts in climate-change
science would be an impossible task for an indi@idjiven the complexity of the field,
much less a realistic goal for a doctoral resegpcbject. |1 will therefore use
paleoceanography as a case study - the reasorselmting this field will be fully
explained below - and an analytical model entitllee ‘fractal model’, developed by
Collins (2011) which will help identify different giterns of communication and
collaboration within climate-change science. Byndpiso, | will deliberately leave
boundary objects out of the scope of this workckrmwledge that boundary objects
play a relevant role in mediating interactions kedw different groups of experts in
climate-change science as it has been pointednotiiel STS literature (Jasanoff and
Wynne 1998, pp. 36-37; van der Sluijs et al. 19@8wards 2001, pp. 53-54; Kwa
2005). I will focus however on the notion of intetianal expertise in combination with

the notions of trading zones and trust. The maasaog for this is that in my fieldwork
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on paleoceanography | found much more evidence asfguage, particularly

interactional expertise, facilitating communicatiand collaboration between experts
than boundary objects. In addition, the notion @fifdary objects is a well-established
concept in STS so that it has already been appielifferent contexts and several new
theoretical concepts have stemmed from it (e.ginkkup 1992; Shackley and Wynne
1996; van der Sluijs et al. 1998). Collins and EBrdheory of expertise and its link to
the rest of the STS literature, on the other hamd,still under development. For this
reason, there is much more fresh ground to expibien working with this theory than

with the notion of boundary objects.

The Fractal Model

The fractal model was developed by Collins (2011id & is an important part of the
theoretical framework of this thesis. | will use ti identify how expert groups
communicate and collaborate taking into considenatiow far apart they are in terms

of their expertise and of their technical language.

The fractal model conveys the idea that a field@énce (or any domain of practice) is
itself part of wider domains and also comprisesravaer sub-communities. For
example, geology is a subfield of the Earth scieraned has itself also some subareas,
such as paleoclimatology and geochemistry. Thia idenot new (e.g. Kuhn 1977, pp.
296-297). What is new about the fractal model & thimplies that there is a similar
structure in all levels of analysis. At all leveisanalysis there are domains of practice,
which can be narrower or wider, that are compodedifterent types of contributory
experts who have their own practical skills. Commation between them is mediated
by a shared language that is spoken by all of tHégure 3 illustrates this point by
representing a single domain of practice. The sfigkres holding hammers and
working on anvils represent different types of cimittory experts. The bundles of
waves represent the language of the field, whigpaken by all experts that are part of
it. There is also a special interactional expeptesented in this picture (Collins 2011),
who has none of the practical skills of the domauh speaks its language. An example

of this is a sociologist of science who spent seimiime immersed in a field that he or
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she became fluent in its language. The specialaatienal expert is represented by the
stick figure that is not working with a hammer aad anvil, but still speaks the
domain’s language.The main idea behind this figure is that in a donthere are

different types of experts who do not have the saamributory expertise. Their work

is linked through the language of the field.

Figure 3: A domain of practice (Collins 2011, p627

This representation of domains of practice is lthkethe idea of interactional expertise.
Each of the stick figures has access to the pexctof the other contributory experts
who are members of the domain through interactiergkrtise in that they only carry
out their own practices and have access to thetipeacof their peers through the
language of the domain (Collins 2011). Domain laggs, therefore, are not inter-
languages. They fulfil a similar role to inter-larages as both facilitate communication,
but they are distinct mechanisms. Inter-languagessist of trade languages that are
developed to mediate communication between hetesmges social groups in contexts

in which meaning is not fully shared. They are nlabwever, the languages of
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autonomous collectivities. Domain languages, on olleer hand, are autonomous
languages and relatively stable institutions reg@wund them. They work on the basis
of interactional expertise. If an inter-languagactees the stage in which they are
autonomous from their parental languages and hawerder of institutions revolving

around them, it will have become domain languades s the case, for example, of

biochemistry.

Figure 4 represents the fractal model. It showsith&e zoom in on a stick figure that
makes up a domain of practice we find that thisigaar field of contributory expertise
iIs composed of narrower subspecialties. Conversalgh domain is also part of wider
domains of practice. Paleoclimatology, for instansea subfield of geology, which, in
turn, is a subfield of the Earth sciences. If wegkenoving upwards to wider levels, we
find that the Earth sciences are a subfield of fesscience as a whole, which in turn,
is part of the Western culture. Paleoclimatololyp @omprises narrower fields, such as

paleoceanography or dendrochronofbgy

It is important to bear in mind that this descoptiof a domain of practices only makes
sense at the societal level. The unity of analiisi®e is collectivities, not individuals.
Individuals immersed in a given domain of practiaesally have contributory expertise
in more than one of its subspecialties. Collins1@0pp. 289-290) developed a
metaphor that is useful to understand the reldtetveen individuals and contributory
expertise. Collectivities are similar to atoms attthey are the basic matter of which
the social life is made up of. Individuals can lenpared to molecules. They are
composed of a number of collectivity-atoms. At thelividual level, therefore,
scientists usually have the skills of a few diffgrgroups of contributory experts.

To present more fully the objectives of the preseoik: | will seek to identify social

mechanisms that mediate communication and collébardetween different expert

* These are not definite subdivisions. There afertint ways in which scientific fields can be suidtd
and the fractal model can be used to represeng ttiéferent types of subdivisions. In this senses i
essentially a model and its purpose is to elucidéterent features of society rather than beinfinal

description of it.
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communities in climate-change science. | will ube fractal model to ‘navigate’
through different levels of analysis and examinavhiie gaps between different
scientific communities are bridged in the case wfhér and lower fractal levels.
Because language is denser or more technical ierldrvactal levels than in higher
fractal levels, different patterns of communicatare expected to take place at different
levels. | will associate the notion of trading zerne the fractal model and identify the
fractal levels at which trading zones are formedill also examine the relevance of
trust at different fractal levels in mediating coomication between different groups of
experts.The main contribution of this thesis to the ST&diure therefore consists of

identifying how different bridge-building mechangswork at different fractal levels

Figure 4: The fractal model (Collins 2011).
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Having defined my research question in detailslll maw introduce the issue of climate
change and climate-change science to provide a@rbséinse of what this field of
investigation is about.

Climate Change and Climate-Change Science

The international concern over climate change beégagrow in the late 1980s (Ungar
1992; Weart 2003). Although scientists had beensidaning the possibility of
anthropogenic global warming for over a centurwats only in the 1980s that climate
change became a public and political issue (Un@&2;1 O'Riordan and Jager 1996;
Weart 2003). Scientists, policy-makers, and membgte public became interested in
knowing how warm the planet could become and whatimpacts of climate change
would be. As a result, scientific efforts to resdaclimate change were intensified
resulting in the creation of the Intergovernmeftahel on Climate Change (IPCC). The
IPCC is a United Nations body that reviews thergdie literature twice a decade with
a view to providing policy-makers with scientifichace (Ungar 1992; O’Riordan and
Jager 1996; Weart 2003).

The dominant theory of anthropogenic global warmiwwich is championed by the
IPCC, goes as follows (IPCC 2007aJhere are greenhouse gases in the atmosphere,
such as carbon dioxide, water vapour, methane,Tétese gases have always been a
natural part of the climate system. They play apartant role in that they retain part of
the solar radiation that gets through the atmosphad do not let it return to the outer
space. Were it not for these gases, the globalageetemperature, which is around

14°C, would be several degrees below freezing.rlihfuence on the climate keeps the

® This theory, although widely accepted in the sifiercommunity (Oreskes 2004), has been disputed b
some scientists, the so-called climate scepticauber of claims are usually associated with clénat
scepticism and they in general refer to disagreésneith the main thesis defended by the IPCC. Soime
these claims are: Global warming is not happenaher, temperatures have been cooling down (e.g.
Robinson et al. 1998); global warming is happening it is not caused by human activities (e.g.
Robinson et al. 2007; Idso and Singer 2009); aothajlwarming is happening, but it is not a serious
issue. Rather, it will be beneficial to our soast{e.g. Robinson et al. 2007; Idso and Singer 2009
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planet a habitable place for human beings and nwdhgr living things. Since tF
Industrial Revolution, however, human aities, particularly the burning of fos:
fuels, has resulted in the emission of larger artowh greenhouse gases, especi
carbon dioxide (see figufs). According to the theory of anthropogenic glolwarming,

these greenhouse gases would be traj more solar radiation in the atmosphere ¢
consequently, making the planet warmer. As a reglobal temperaturewill rise

significantly inthe next decad disrupting the equilibrium of the climate systend.
have consequences for the environn. Same will adversely affect human societi

including the rise of sea levidheincreased likelihood of extreme weather eventst(
waves, droughts, stormburricane, etc.), the loss of biodiversitynd outbreaks of

tropical diseases.
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Figure 5:Concentration of greenhouse gases in the atmospioeneyear 0 to 2005 (IPCC 20a, p. 135).

Although the theory of anthropogenic climate chargéargely accepted, research

climate change is not a simple task. It involvethgang data from the whole clime
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system, which is composed of five subsystems (geeef 6): atmosphere, cryosphi
land surfaces, the oceans, and vegeta(Ruddiman 2008) All these subsystems
interact in complex ways <that changes in one of them result in changesearothers
On the lefthand side of figureés is shown external sources of change in the clir
system: the climatéorcings. On the right-hand side shown how the climate syste

may respond to these famgs with variations in any of its subsysté.

CAUSES CLIMATE 5YSTEM CLIMATE VARIATIONS
{external forcing) {internal interactions)
Changes in
plate tectonics
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Figure 6: The climate systerR@ddimai 2008, p. 9) .

These subsystemisave different response tin (Ruddiman 2008, pp. -14). This
means that the different elements of the climate thfferent lengths of time to react
the changes. Foexample, whereas the atmosphere responds quicklexternal
forcings going through daily cycles of heating and coqlitgakes from hundreds

thousands of years face sheets to respond ft. Scientists have to brir together
elements from all dasystems, take into consideration their differ&sponse rat, and

work outhow those combined responwill affect the climate.

® Without human interference on the climate, them three major types of forcings. Firstly, tect
processes, such as changes in onfiguration of the continentswhich can open or close ocean ba -
and the uplift of mountain ranges. The t-scale of these changes is extremely slow, takirjoms of
years for changes to occur. Secondly, t are also changes in the Earth’s orbit. These &ibaatake
place over tens dhousands of years and change the amount of sadéation received in the planet
season and by latitude. Finally, changes in thésStrength also affect the amoun solar radiation that
reaches the planet. Sunspoysles, for example, last1 years. There are also longer solar processe:
instance, over the last 4,5 billion years the Sstrength has slowly diminish.
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There are alsdeedbackswhich intensify and hugely complicate the changeshe
system (IPCC 2007a, p. 97; Ruddiman 2008, pp. }5H86r instance, if the climate
system is warmed by an external forcing ice willtna@d uncover land surface (IPCC
2007a, pp. 96-97). Areas which were covered irarm reflected solar radiation back to
the space will begin to absorb radiation. As a ltesemperatures will increase more
and cause further feedbacks. The opposite carhalgoen. If the external forcing has a
cooling effect, more ice will accumulate on landdaontribute to make the climate
even colder. Feedbacks make it difficult for clisyahange scientists to identify what
phenomena are causes and what phenomena are cemsesgjin a process of change.
They also generate a kind of ‘snowball’ effect e system, which makes it necessary
for scientists to assemble data from all parts tff understand the processes.

In order to understand this very complicated systeimate-change science has grown
become an extremely heterogeneous field of scidncthe late 28 century scientists
began to bring together knowledge from severaliglises, such as meteorology,
atmospheric physics, oceanography, biology, glagwl paleoclimatology, computer
modelling, etc. (Jasanoff and Wynne 1998; Edwar@312 and input them into the
analysis. This involved collecting data on the past the present, and simulating the
future. A number of studies of the impacts of glolwarming also emerged. These
resulted in an even wider range of experts fronirenmental sciences, economics, and
social sciences researching climate-related togicsally, experts began to study the
best responses to these impacts. Two new fieldisvebtigation then arose: adaptation
and mitigation studies. Experts from several dédfgrareas started to look for strategies
to minimise the impacts of warmer temperatures @mdorevent the planet from
becoming warmer. Areas of science as diverse amesmng, architecture, ecology,
social sciences, demography, economics, etc., ledanolved in the search for the
best responses to global warming. The result waeryacomplicated mosaic of experts
addressing questions such as: what are the maihamisens of climate change? What
climatic changes will happen in the future? Whapacts will climate change bring
about? How can human societies adapt to these tstpatow can we mitigate climate

change so as to minimise its effects?
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Narrowing Down to Paleoceanography

Climate-change science is a huge field of scieitosould not be possible in a single
doctorate research to investigate all groups o€egpn this area, how they interact, and
how they bridge the gaps between their expertidesd therefore to focus on a specific
subfield of climate-change science to make my rebsefeasible. Making a decision on
what field would be the focus of my research waseaasy. | decided to research a field
that was part of the studies of the mechanismdiwiate change — what | call below
studies of causes and processes of climate chahgewas because the study of these
mechanisms is the heart of climate-change scidhitevere concluded that the climate
IS not changing at all, there would be no point,dgample, in studying the impacts of
climate change. However, this criterion still lefe with too many options, including
fields such as atmospheric physics, oceanographagiotpgy, biology, geology,
paleoclimatology, climate modelling, etc. Two otleeiteria were used to reach a final

decision.

Firstly, | decided to study a field that interactesely with climate modellers. Climate
models, as it will be shown in chapter 3, are at ¢bntre of climate-change science.
They assemble data from several empirical field$ produce global simulations of
how the climate has changed in the past and of haway change in the future.
Secondly, it would be important to study a fieldtths strongly represented in my
university, Cardiff University. As | will argue inchapter 2, the methodology
underpinning the present work is based on partitipamprehension, which means that
I had to immerse myself in the field of science emstudy. The reason for this was the
need to acquire an in-depth understanding of haw field works, what skills are
shared by all its members and what skills are hoty difficult members of this field
find it to communicate with other scientists, dResearching a field of climate-change
science that has a strong group at Cardiff Unitaersould make it possible for me to

have this immersion.
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Taking these two criteria into consideration, |ided to focus on paleoceanography.
Paleoceanography is a subfield of paleoclimatoldpieoclimatology is the scientific
study of past climates before the emergence ofistam instrumental measurements of
climatic variables, which took place approximatiiythe middle of the 1® century.
Paleoceanography consists of reconstructing pasaids, but it focuses on the oceans
and on its interactions with other parts of thanelie system. Paleoceanographers
interact closely with computer modellers. Moreowamnong the disciplines that are part
of the studies of causes and processes of clinigege paleoceanography is the only

one that has an internationally renowned groupaatli@ University.

Finally, there is very little STS research into paleo-scisrarerelated geological fields

and the few papers published on these areas ofcecie.g. Law 1980; Yearley 1990;
Skrydstrup 2012) do not help us understand hownsists communicate and collaborate
to reconstruct past climates. This made it eveneneaciting to research this field as |
would be exploring unknown territory. It is therefoa secondary goal of this work to
shed light on the process of production of knowéedg past climates and to give more

visibility in STS to these fascinating fields ofvastigation.

Thesis Structure

In chapter 1, | describe in detail the realist tiyeaf expertise that underpins the entire
argument of this thesis. This theory is based moa@ological interpretation of the
Wittgensteinian problem of rule-following. The maargument put forward in this
chapter is that there are institutionalised wayfotbwing rules within domains. Only
by immersing oneself in the relevant domain itesgble to learn how to follow these
rules according to the community’s standards. laptér 2, | present the methods used
in the present work. | will introduce the notion pérticipant comprehension and
describe the different steps | took to immerse fiyeepaleoceanography. Chapter 3
consists of a review of the STS literature on cterehange science. | give a ‘big-
picture description’ of climate-change science adéntify the homogenisation
mechanisms at work within this field. | argue trathough these homogenisation

mechanisms are relevant to understand what clicteiage science is, they do not
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produce definite solutions for the problem of conmiation between expert
communities as they have not transformed climateigh science in a homogeneous

transdisciplinary field.

In chapter 4, | give a general description of pedamography to prepare the ground for
the sociological analysis presented in the follywmapters. In chapter 5, | argue that
paleoceanography is a low fractal level and comeatmn between the different
contributory experts that make up this domain igdiated by its domain language,
which is rich in technical details. In chapter @ximine the interactions between paleo-
modellers and the empirically-oriented scientisthoware members of the
paleoceanographic community. | argue that theseerexpommunities form a
fractionated trading zone in which interactionalpestise plays a major role in
facilitating communication. In chapter 7, | examithe role of trust in mediating the
interactions of experts at different fractal level$ begin by examining
paleoceanography and move upwards in the fractaleimexamining how trust comes
into play in different sociological configurationsg. in fractionated trading zones or in
communication at high fractal levels where thee ras bridge-building mechanisms at
work. In the concluding chapter | summarise themiedings of the present work and

the areas where there is still further researdfetdone.

Definitions

Before moving on to the first chapter it is necegstb make some conceptual
definitions to avoid confusions. Firstly, it is iimgant to clarify what it is meant when
the concepts of global warming and climate changeused. Climate change is an
umbrella term which refers to any climatic chanigat thas taken place during the Earth
history. It includes periods of cold climate as Mad periods of warm climate. Global

warming, therefore, is a type of climatic change.

It is also necessary to distinguish betwebmate scienceindclimate-change science

Although in STS some scholars (e.g. Sundberg 20@vg avoided defining climate-
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change science as they are mostly interested in swentists build the boundaries
around their fields, in this work it is essent@ldefine this concept. This is because one
can only be an expem something There is no way to carry out research based on a
realist notion of expertise without clearly defigiwhat the subject of a community’s
expertise is. My definition goes as follows: Climatcience refers to basic scientific
research into the climate system. It focuses onctheses and processes of climate
change. Climate-change science has a broader ngealimefers to all scientific
research related to climate change, not only th&icbeesearch. It also comprises

scientists working on the impacts, adaptation, mitdyation of climate change.
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Chapter 1 - Theoretical Framework: Studies of Expetise and

Experience

In this chapter | introduce the theoretical framdwof this thesis, i.e. Studies of
Expertise and Experience (SEE), which has beenla@s@ by Collins and Evans
(2002; 2007) since the early 2000s. | will set the realist concept of expertise that
underpins the entire argument developed in theghkwill argue that expertise is the
tacit knowledge shared by members of a domain attmes. | will also examine a
criticism of this realist notion of expertise seit oy STS scholars who believe that the
correct approach to research expertise is the fugttrdoutional theories. | examine this
criticism because if expertise cannot be researtiyedsing a realist theory the entire
argument of the present work is flawed. | will aeghat a realist concept of expertise is
useful for addressing STS issues as well as widepkbgical phenomena. | will also
argue that a realist notion of expertise is nob@ds with a constructivist notion of
expertise and that a realist notion may sometinefys tnderstand some aspects of the

processes of social construction of expertise.

Science and Technology Studies

STS emerged in the early 1970s in the United Kingdéd number of sociological
studies of science began to be carried out at thigelsity of Edinburgh and at the
University of Bath. In Edinburgh a group of resdens based at the Science Studies
Unit, including David Bloor, Barry Barnes, David g& Steve Shapin, and Donald
MacKenzie, developed the Strong Programme (e.gorBk®76; MacKenzie 1978;
Shapin 1979; Barnes 1982). At the same time th# Bahool emerged around the
work of Harry Collins at the University of Bath ge.Collins 1974, 1975, 1985; Pinch
1986). Inspired by the work of Kuhn (1962) and \g&ttstein (1953), these researchers
sought to explain the formation of consensus arosaéntific theories by using
sociological variables, such as negotiation, irerpower, prestige, status, et¥he

" Although to a large extent both ‘schools’ wereagreement, there were two main differences between
them. Both groups focused on studying scientifistamversies and on showing how social contingencies
particularly interest, status, and power, influehdbe settlement of scientific controversies. Redea
carried out in Edinburgh, however, tended to emigbBamacro variables by linking the interests of
scientists involved in controversies with the iets of larger social groups. In Bath, on the ottserd,
research tended to focus on micro-social aspectsiefitific controversies. Collins argued that iimgk
controversies in the scientific community with tksder social structure was part of his research
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most important rupture brought about by these scholvas with a traditional social
division of labour between philosophers and sogsks (Bloor 1976). While
philosophers would typically seek to work out thréecia of rationality or truth that
would justify theoretical changes in science (€gpper 1934; Neurath et al. 1973),
sociologists would typically investigate scienceaasinstitution, focusing on its norms,
values, and on its relations with other instituide.g. Merton 1938; Ben-David 1960).
The new generation of sociologists, however, soughéxplain the very content of
scientific theories, or, in other worlds, show ttte acceptance or rejection of scientific
theories was not decided on the basis of rationdbgical arguments, but by social
processes of negotiation (Bloor 1976). The workhdd first generation of STS scholars
is known as SSK (sociology of scientific knowledge)

In the following years, the field flourished andegd across most developed countries.
A number of new approaches emerged. Scholars welatbbratories and carried out
ethnographies of science (e.g. Latour and Woolgar91 Knorr-Cetina 1981,
Charlesworth et al. 1989); sociologists investigat®w scientists demarcate science
from non-science, the so-called boundary-work (&geryn 1983); a sociology of
technology emerged (e.g. Bijker et al. 1987); ta#lexive school was founded and
sociologists applied sociology of science to itsnogliscipline (e.g. Ashmore 1989);
feminist and postcolonial STS studies sought toaspower relations within science
and technology (e.g. Anderson and Adams 2007; Sanh?®07); and actor network
theory arose proposing an ontological turn in thenanities that questioned the
distinction between nature and society (Callon 1986w 1986; Latour 1991, 2005).
More recently STS has reached all continents beuwgna truly global field of
investigation (Fu 2007; Kreimer 2007; Urama e28l10).

programme (1981), but this has never been a majoc wvithin his own work. Furthermore, there was a
philosophical discussion between both groups. Ttieolars based in Edinburgh assumed that an
independent material and empirical world existed mfluenced the content of scientific theoriesd@l
1976; Bloor and Edge 2000). Collins, in contrassisted that the sociology of knowledge should adop
as a methodological principle the idea that theigogh or material reality had no influence in tbentent

of scientific theories (Collins 1985). This led nieens of the Edinburgh School to argue that Collins’
programme was idealistic (Barnes, Bloor and He®$6).
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Since its early days expertise has been a topmt@fest in STS. Most researchers have
looked at expertise from a constructivist viewpoard investigated how experts
gain/lose credibility or build up trust around thd&inowledge/expertise. The idea
underlying these studies was summarised by Bamedsdge (1982), who argued that
experts’ credibility was not based on logical otiaiaal reasons, but on sociological
factors. The concept of boundary-work, set out lgryh (1983), is a central notion in
this type of research. Gieryn (1983) argued thatasscientists, instead of looking for
the inherent characteristics of science that walitdinguish it from other activities
(religion, engineering, and so on), i.e. for dermatiom criteria, should examine how
scientists construct the ideologies that distinguscience from other intellectual
activities. In other words, social scientists skloldlok at how science is described by
scientists in ways that legitimise it and empoweras an institution. According to
Gieryn (1983), scientists use different rhetoricslyles and select particular
characteristics of science when presenting it tiferdint interlocutors in different
contexts. When distinguishing science from religiéor example, scientists tend to
emphasise that science is empirical, whereas oekgiare dogmatic and cannot be
refuted by empirical evidence. However, when dgitishing science from engineering,
the theoretical side of science is highlighted eodtrasted with the hands-on activities
of engineers. In other cases, particular groupscantists label competing groups as
‘pseudo’, ‘deviant’, or ‘amateur’, in order to mquise professional authority and
resources and exclude the competing groups fromdbenain. In other words, they do
so to legitimise their own expertise as genuinergdic expertise. Finally, scientists
sometimes also seek to maintain science as ana@autars institution by dissociating
their work from consequences they might have (excl®éar physics and the atomic
bomb).

In a similar vein, a number of studies have ingsggd empirically how experts’
credibility is constructed or undermined in diffetesettings. STS researchers have
examined, for example, how the expertise of sageni@nd the authority of science is
constructed or deconstructed in court (e.g. Oteal.e1982; Jasanoff 1997; Lynch and
Cole 2005); how lay people constructed their créitibas legitimate speakers of
scientific languages in debates surrounding healéhtreatment (e.g. Epstein 1995);

how different fractions of a society, ranging frosgientists, members of NGOs,
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stakeholders, schools pupils, etc., define expmemisd scientific authority in debates

related to science and technology (e.g. Tuttorh. &085); etc.

A first effort was made in STS to develop a nonstarctivist theory of expertise only
in the early 2000s, when Collins and Evans devel@reapproach they call SEE.

The Emergence of Studies of Expertise and Experieac

Collins and Evans set out to develop a sociologicabry of expertise with a view to
contributing to policy-making processes. They adjtigat there had been too much
focus in STS on what they call the problem of leggicy, but little focus on the
problem of extension (Collins and Evans 2002). Themer refers to attempts to
provide more legitimacy to decision-making processtated to science and technology
by including more public participation. The lattamsists of establishing boundaries for
laypeople participating in decision-making relatedgscience and technology so that the
distinction between experts and laypeople doesdimgdppear. Their idea was that
although experts were not always right, they wdre best source of information
available because experts ‘know what they arenglidbout’. They should therefore

have a privileged voice in terms of providing teichadvice for policy-making.

Although SEE was initially developed to contribtibepolicy-making related to science
and technology, it is also a very useful theoréticamework for investigating how
knowledge and technology are produced and trareinitt human societies. Collins
and Evans developed a Periodic Table of Expertisghich they categorise different
types of expertise, which offers a theoretical fearark that can be used to investigate a
wide range of sociological problems (Collins andaisy 2007). A number of studies
have been carried out in the past ten years apgplthis framework to a range of
different sociological problems, including commuation and knowledge exchange in
physics (Reyes-Galindo 2011); the formation ofitrgdzones (Gorman 2002; Collins et
al. 2007); the transmission of technology and t&aibwledge in the steel industry

(Ribeiro 2007a); and the general problem of satiikion of labour in human societies
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(Collins 2011). A new method, the Imitation Gameswdeveloped to investigate the
level of understanding that different social grolyae of each other (Collins et al.
2006; Collins and Evans 2007, pp. 91-112; forthem)ii

Expertise and Tacit Knowledge

The realist approach adopted here is differengtdtts from the view that expertise is the real
and substantive possession of groups of expertsrandndividuals acquire real and substantive
expertise through their membership of those grodgsguiring expertise is, therefore, a social
process — a matter of socialisation into the pcastiof an expert group — and expertise can be
lost if time is spent away from the group (Collarsd Evans 2007, pp. 2-3).

According to Collins and Evans (2007), experts iaddviduals who master the tacit
knowledge of a domain of practices. Expertise i t#cit knowledge shared by the
members of a domain of practices. These definitaalisfor an in-depth examination of
the meaning of tacit knowledge.

The idea of tacit knowledge was first set out ia ghilosophical literature by Polanyi
(1966). He pointed out that all knowledge is eittagit or, if explicit, it has to be rooted
in tacit knowledge (Polanyi 1966, p. 195). Thisras crucial because it means that the
entirety of our social lives depends on tacit krexge. For this reason tacit knowledge
Is (or should be) a central topic for sociologykobwledge.

Collins defined tacit knowledge as follows. “Takriowledge is knowledge that is not
explicated” (Collins 2010, p. 1). According to Go# (2010), there are three types of
tacit knowledge: relational tacit knowledge (RTKpmatic tacit knowledge (STK), and
collective tacit knowledge (CTK). This categorisatiis based on the reasons why
knowledge is not explicated. CTK is knowledge tisatacit because of the very nature

of the social. STK is tacit knowledge that couldgrinciple be made explicit, but

8 Further applications of SEE to a wide range obfEms can be found on the special issuStafiies in
History and Philosophy of Scienoa Studies of Expertise and Experience publishe2007 and on the
website of SEESHOP, the yearly international wodgslithat brings together researchers from several
parts of the world interested in developing andlypg Collins and Evans’ realistic theory of expsetto

a range of sociological, philosophical, and poliogking problems:
http://www.cf.ac.uk/socsi/contactsandpeople/hartytsiexpertise-project/seeshophome.html
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because of the nature of our bodies, it is verfiddit to do so. Finally, RTK is
knowledge that could have been explicated and neagécit, but has remained tacit
because of contingent reasons related to the aatam of social groups. | will now

examine each of these types of tacit knowledgeraegig.

Relational Tacit Knowledge

RTK, which is also called weak tacit knowledge, Idoun principle be made explicit,
but it happens that it is not made explicit in abanteractions (Collins 2010, pp. 85-
98). There are different reasons for this. In sem&al groups, for example, knowledge
is kept secret. This might be due to competitiotwben different groups or because
knowledge is believed to be sacred and therefotesmaposed to be shared with non-
initiates (e.g. Hess 1994; Johnson 2002). Col®.0Q, p. 91), for example, found in his
early work on scientists building TEA-lasers thag¢de scientists were not completely
open to competing groups about how they built théeseces. Scientists who had
already successfully built these lasers used a eundbd strategies to withhold
information while giving the impression of beingewpabout their discoveries. For
instance, when their laboratories were visited Hyeo scientists they would strictly
answer what the visitors had asked but would apoviding any further information

that could facilitate the work of other groups.

In other situations, members of a collectivity td&e granted that individuals who are
not members of their social group share with therovkedge that they actually do not
share. This is what Collins (2010, p. 95) call masched saliences. During the four
years | have been living in the UK, for exampleexperienced several occasions in
which British people told jokes whose meaning dejeelhon knowing British television
shows’ characters that | had never heard of andthis reason, the joke sounded
meaningless to me. These awkward situations wemnallysovercome by me asking
what the joke was about, which triggered puzzlemafeexpressions, or by a change in
the topic of the conversation, which left the megrof the joke mysterious.
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Somatic Tacit Knowledge

STK relates to the limitations and potentialities tmman bodies. Polanyi (1966)
provided what is probably the most well-known exéngf tacit knowledge: bicycle
riding. One cannot learn how to cycle just by Inébg) to someone explaining how he or
she does it. Learning to cycle is a process of skibodiment that requires some time
until the body becomes used to moving in a way #esps the bicycle balanced.
Having other people giving advice on how to do drtainly helps, but verbal
explanations by themselves are not enough for gmalslomeone to cycle. It is not
possible to write a manual on balancing on a beyleat would make an individual, just
by reading it, become able to cycle.

Yet, Polanyi pointed out that it is possible toterthe rules that describe in terms of
physics concepts how to balance on a bike (CoRd&0, pp. 99-101). However, one
does not learn to cycle just by reading these ruldss is because when cycling
decisions have to be made in fractions of secomd®éep the bicycle balanced. Collins
(2010, p.100) took this point further. He pointad that if our brains and other parts of
our physiological systems were quicker, or if wecleg in a small asteroid where
gravity was close to zero, we would be able toofslPolanyi’s rules and, by doing so,
keep the bicycle balanced. Whenever the bicycldestao fall over we would have
enough time to check the instructions and cortscbalance. In this sense, it is due to
the nature of our bodies and of our physiology tret needs to acquire tacit knowledge
to balance on a bike and not because the rulesrpindang cycling cannot be made

explicit.

In other cases STK is tacit not because of thedspewhich decisions have to be made,
but because it is necessary to adjust our bodidsitw things they are not used to. Let
us take playing the guitar as an example. Whennbegs first learn bar chords, they
cannot do them effectively. They usually pressdtnimgs really hardly and still do not

extract a nice sound from the instrument. It takesn at least a few weeks, and usually
some months, to adjust their bodies to playingdtasrds. Experienced guitar players,

on the other hand, press the strings softly andywe a beautiful sound. | have taught
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guitar playing for years and whenever | tried tplain to my students how they should
position their fingers on the strings to play baoms so as to produce the ‘right’ sound
they could never do it immediately. It always tatlem some time until their hands

‘learned’ how to press the strings with the appiatprstrength.

It is worth noting that the positioning of fingesa the guitar and the amount of pressure
that has to be put on the strings to play bar choalild be described in terms of rules.
In other words, the knowledge necessary to plagethahords could be made explicit.
However, this description would be useless for gireer as their fingers are just not

used to being utilised in certain ways

Collective Tacit Knowledge and Rule-following

CTK, as Collins (2010, p. 119) pointed out, “is fhreducible heartland of the concept
[of tacit knowledge]”, at least from a sociologigaérspective. This is because the
concept refers to knowledge that is tacit due ewvibry nature of the social. CTK is the
property of collectivities, not of individuals. ¢an only be acquired through immersion

in the community in which it is shared.

CTK consists of knowledge that depends on rulesfaihg. Rule-following here is
understood according to a specific interpretatibthe late work of Wittgenstein (1953)
initially developed by the philosopher Winch (1938d then transformed into a strong
theoretical pillar of SSK by authors such as Call{fh985), Collins and Kusch (1998),
Bloor (1983, 1997), and Barnes (19¥2)According to this interpretation of
Wittgenstein, rules organise the social world atwhsequently, social actions can be

assessed as to whether or not they were perforowdettly’. In other words, it is

° These examples emphasise the limits of our bodigsch Collins (2010) call somatic-limit tacit
knowledge. STK, however, also refers to the potditigs of our bodies, the so called somatic-afforck
tacit knowledge (Collins 2010). If human beings dat have opposable thumbs, for example, it woeld b
much harder (although not impossible) for us to/fdar chords as we would not have a thumb to press
against the neck of the instrument.

1% There are alternative interpretations of Wittgeimstin STS, such as the one put forward by
ethnomethodologists (e.g. Lynch 1992). See Blo®92) for a defence of SSK’s interpretation of
Wittgenstein against ethnomethodology.
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possible to make judgements on whether socialr@tonform to the rules of a form of

life.

Although rule-following is trivial for someone whe fully immersed in the relevant
form of life, for a non-socialised person it is sdtaightforward. This is because rules
do not contain the rules for their own applicatidhe following example that has been

widely used in the STS literature (e.g. Collins 39Bloor 1997) illustrates this point.

If we take the sequence 2, 4, 6, 8 and ask anyithdil who had a basic mathematical
education to continue the same wait is very likely that he or she will automaticall
continue with 10, 12, 14, 16, 18, and so on. Howehere are infinite different ways of
continuing this sequence, such as 2, 4, 6, 8,2,@,8, 2,2,4,4,6,8,0r, 2,4,6, 8, 2,
4,6, 8,10,0r 2,4,6, 8,1, 3,5, 7, etc. Sommelitere is a shared understanding that
continuing this sequence means adding 2 to the rastber of the sequencad
infinitum. Even though there are alternative ways of folteyvihis sequence socialised
people tend not to consider them. It is as if tiveeee some kind of logical compulsion
leading individuals to follow the sequence in atigatar way. If socialised people do
not continue with the sequence by adding 2 to &as¢ humber they feel as if it they
were making a mistake — or at least some extrauatés needed to justify why it is not

being continued in thaesualway.

The rule ‘continue the sequence in the same way'beafollowed in several different
ways as in the example provided in the paragrapivealHowever, we feel compelled
to follow it in a specificway. The reason why we feel this way is becauseetlare
institutionalisedways of following rules (Bloor 1997). Rules anstitutionsthat frame
the way people behave within a form of life. In oswociety there is a shared
understanding that thereasecorrect way of following the number sequence, whsch
by adding 2 to the last number. As Bloor (1997, 16) has pointed out,
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[...] a tacitconsensusf actions determines what is counted as a ‘rigt@p, i.e. a genuine and
successful piece of rule-following, if it is alighewith the steps everyone else, or nearly
everyone else, takes.

To understand these ideas better | will examinetimeept of institutions closely.

Rules as Institutions

Institutions are “collective patterns of self-refeg activity” (Bloor 1997, p. 33). They
are self-referring because “there is no way toifjushe pattern of behaviour without
circularity” (Bloor 1997, p. 31). Money, for exanaplis an institution (Bloor 1997). One
of the forms in which we exchange money is by usioigps. Coins have value because
of the social convention that defines them as mofiégre is nothing intrinsic in the

nature of coins that makes them more or less vidu#iey are only metal discs.

Calling something a coin is correct because ihé&s practice to call it a coin. Although ‘coin’
doesn’'t mean ‘called a coin by others’, ultimatetyis correct to call something a coin because
others call it a coin. If there is a reality thaatches or corresponds to any given episode of such
talk it can only be the totality made up of thiglall the other similar episodes. Talk of coins,
taken collectively, is not about a reality thaindependent of such talk. It is, in a sense, jaigt t
about talk (Bloor 1997, p. 30).

A thought-experiment helps understand this pomthe case of an anthropologist who
was walking through the Amazon jungle and foundraligenous tribe who had never
been contacted before, he or she would not trytofbod or to pay for accommodation

by using coins. This tribe would quite possibly @aeo concept of moné&y

Institutions are also self-creating (Bloor 1997, Bp-35). Whenever we use money or
talk about money we are reinforcing its meaning isdisage. Similarly, a bank that is

considered sound will continue to be regarded aadd all clients do not withdraw all

1 Bloor distinguishes between natural kinds andaddnds. Coins are social kinds, which means that
there is no independent reality in their ‘coin-ndkat has to be matched by their social meanireguhil
kinds, on the other hand, such as trees, cats, pegbles, etc., have an external reality indepeande
human institutions. All institutions that are huround them have to match the possibilities thay
afford (Bloor 1997, p. 30).
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their money at the same time. Each person who Jeslighat a bank is a sound
institution and does not withdraw his or her morigym it is also contributing to
maintain the soundness of the bank. However, ifladhts withdraw their money at the
same time the bank will cease to be able to woré bank. That a bank can remain a

bank depends on its users treating it as a bank.

Rule-Following and Social Actions

Going from one instance of application of a ruletmther is not necessarily a clear-cut
step. To an accomplished rule follower, taking tiegt step is straightforward, but for
apprentices or for an outsider, this might loolel&k complicated step. They might not
be sure whether they are dealing with a situatidnclv is thesameas previous
situations. The issue at stake here is that thg samenessof one instance of
application of a rule to another instance is defibg its institutionalised usage. In this
sense, whether a situation is collectively regamaethe same as another so that certain
rules apply to this new situation, depends on dective agreement about the
‘sameness’ of the new situation compared to prevgtwations. In this sense, applying
a rule is an open-ended practice, in which, at essh instance of application, the
actors have to make a judgement as to whetherateefacing a situation that is similar
to previous instances or not. This point was sunsedrby Collins and Kusch (1998,
pp. 13-14) who pointed out that future applicatadnrules are underdetermined by past

instance¥:

Obviously institutions must be bounded and rulésfeing in some sense, or they would not be
recognizable as institutions, but the way theyligesl out is continually up for renegotiation — at
least at the boundaries. Moving from context toterr actors continually reconstitute the
institution through their decisions and actionsclsjudgements are unavoidable, but they are
underdetermined by past instances.

That judgements of how to act in new instances aefbe arbitrary is ensured by the fact that
they must be collectively justifiable within thestitution. In this sense, the ‘rule-following’ is
not congruence with a formula, but mutual recognithat no mistake has been made.

2 This is a crucial point. If rule following were nonderdetermined by past instances there wouldobe
possibility in this theoretical framework for solcidnange and for processes of negotiation.
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There are two important points in this quotatioirsthy, as mentioned above, rule-
following is underdetermined by past instances.tf@imore, it emphasises that the
ultimate criteria for assessing whether a rule basn correctly followed is the
consensus within the relevant community that naakes has been made. This point is
very important because it shows that rules organise social lives by generating
patterns of social actioffsand, consequently, of interactions. It also leampsn the
possibility of social change, which takes place mvBecial actors agree that new ways

of interpreting the rules are legitimate.

Collective Tacit Knowledge and Rule-following

I have argued thus far that that there are ingiitatised ways of following rules. These
social patterns organise social life and make # t®rtain extent predictable. | have not

described yet how individuals become accomplishiésifollowers.

Individuals learn how to follow rules according itstitutionalised patterns through
immersion in the relevant form of life. This resulh the acquisition of CTK, which

consists of the ability to apply social rules inmneontexts without making mistakes.
CTK cannot be transferred solely through formalkringions because it depends on
rule-following. If one tried to write the rules dmow to follow a given set of rules, this
would lead to an infinite rules’ regress, whereheaet of ‘meta-rules’ would require
further meta-rules to elucidate how they should fokowed. It is only through

socialisation that institutionalised patterns adefollowing can be learned. By being
socialised in a form of life individuals are expds® the institutionalised ways of

following the rules of the collectivity, which leadhem to acquire CTK.

'3 This particularly applies to actions defined byllids and Kusch as formative actions (1998, pp. 10-
12). Formative actions are actions that constitguferm of life. “Such actions make a society wtiasi
and distinguish it from other societies (Collinsdaldusch 1998, pp. 10-11). In a Catholic mass, for
example, there are a number of actions carriedpuhe priest that are formative whereas otherqate
(Collins and Kusch 1998, p. 11). Whether the pré&sgs or not along with the congregation is noiticd

to the mass. The action of praying for transubgtah, in contrast, is an absolutely crucial pafrthis
ceremony. If a priest does not do it, a mass witt have been performed properly. In this sense,
transubstantiation is a formative action whereas gghest singing along with the congregation is. not
Obviously, in different contexts and historical memts, different actions are formative whereas sther
are not. Singing along with the congregation, fustance, is a formative action in some sects of the
Catholic Church, such as the Charismatic Renovation
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In sum, CTK consists of knowledge that is not exqiled not because of social
contingencies, as in the case of RTK, nor becatifgeqhysiology of our bodies, as in
the case of STK. It is not explicated because it is not possibldd so. Any attempt to

explain it leads to a rule regress. It can only developed through processes of
socialisation where individuals are continually esed to the institutionalised ways of

following rules.

Expertise

Expertise, as pointed out above, is the tacit kedgé shared by the members of a
domain of practices. Although tacit knowledge cananalytically classified according
to Collins’ typology, in the social world the thrégoes of tacit knowledge are usually
entangled. For example, as pointed out above (g#adte 14) cycling has somatic and
collective dimensions. Scientific work involves glpes of tacit knowledge. It involves
RTK when scientists avoid sharing their laboratprgcedures with competing groups.
It also involves STK, which comes into play whernestists operate instruments in
laboratories or in the field, or when they use rtheiuition (Reyes-Galindo 2011). It
also involves CTK, which cuts across the entirefytheir social actions. There are
social rules, for instance, on how to collect datethodological rules), on how to
present findings (stylistic rules), on how to addrgeers in conferences, on how to

assess the quality of particular publications, etc.

One can be an expert in any activity that requar@sinimal amount of skills. Lying in

bed, for example, is not a field of expertise agoae can master it immediately without

14 Distinguishing actions that can be automated ftbase that cannot be automated helps differengatin
CTK from STK (Collins 2010). If the activity at & can be reduced to a set of rules that machiaes c
follow, then it is performed on the basis of STKIKG on the other hand, depends on social judgements
that can only be made by human beings who arelssdain the relevant community of rule-followers,
therefore it cannot be automated. An example of thithe difference between bicycle balancing and
riding a bicycle in the traffic (Collins 2010, pp21-122). The former has been automated and rofatts
can ride bicycles were created. The latter, orother hand, cannot be automated because robotstcann
understand the social conventions involved in egglin busy traffic. Cycling in the traffic dependsa
making social judgements about the behaviour afedsi and of other cyclists. These judgements depend
on understanding social rules and following thenraxdly. These rules are different in differentisties

and they change through time. It is necessary fitverdéo be continually immersed in the ‘traffic tuk’

of a given society to be up to date with its ingtitnalised way of following traffic rules.
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the need to acquire any skills (Collins and Evad@72 p. 17). There is a wide range of
activities, however, that require the acquisitidnskills to be effectively performed,

including farming, sports, arts, music, gardenieggineering, science, and so forth. In
this sense, expertise is not defined by the subjeatter, but by the process of

acquisition of tacit knowledge and consequentlydbeelopment of ‘social fluency'.

Expertise enables individuals to make judgement®raing to the standards of the
relevant community. Ribeiro (forthcoming-b) iderdd three types of judgements that
an expert can make: judgements of similarity/ddfere, judgements of
relevancelirrelevance, and judgements of risk gmbdunity. Judgements of similarity
and difference are the crux of the idea of CTK lsytunderpin judgements of

Sameness:

The ‘judgement of similarity/difference’ underliéise ability to identify what is considered ‘the
same’ as well as violations of tolerance (e.g. akiss, improprieties and problems) in rule-
following situations and outcomes. [...].This type jatlgement also underlies the ability to
create contrast (similarities versus specificsjvieen situations, scenarios or technical proposals,
to provide reliable estimations based on past éspees and to make correct ‘approximations’
(Kuhn 1962) in a field (Ribeiro forthcoming-b, p- 9

The other types of judgements are also crucial lifidng within a form of life.
Judgements of relevancel/irrelevance relate to thktyaof attributing value to all
elements that are part of our social lives. Thas#gggments are also linked to
judgements of risk and opportunity, which refer assessing the consequences of

actions or events:

The ‘judgement of relevancel/irrelevance’ is theligbto locate and attribute value to events,
claims, artefacts and people within the current padt history of a given form of life. This
judgement enables enculturated actors to prioritiseectly, to ‘retrieve selectively’, to evaluate
who is who—and who to trust—to identify key chartgsdencies and to weigh the pros and
cons between options. In some cases, judging nedeviarelevance presupposes or encompasses
the ‘judgement of risk and opportunity’, i.e. theilsy to evaluate the (short-, medium or long-
term) consequences of ongoing or future actiongw@nts within a form of life (Ribeiro
forthcoming-b, p. 10).

In the case of science, for example, scientistse havmake judgements about the

relevance of certain papers and theories are irs¢hantific literature, and how much
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they might be risking their careers when puttingvard innovative/controversial ideas

and concepts.

Knowledge that Depends on Ubiquitous Tacit Knowledg

Collins and Evans (2007) created a Periodic Tablexpertise, in which they describe
the different types of expertise. They classifyarige into two main types: ubiquitous
expertise and specialist expertise. Human beingg laalarge amount of ubiquitous
expertise that enables them to live in societysTihclude a wide range of aspects of
social life, such as one’s ability to speak oneive language(s), one’s understanding
of what good manners are in different contexts, okeowledge of how to acquire

essential goods for their survival, such as watdrfaod, etc.

Specialist expertises are those that are the pyopémarticular social groups so that
they are not spread across a whole society. Thplesinforms of them require only
ubiquitous tacit knowledge and refer to the acqoisiof varying amounts of explicit
knowledge. Collins and Evans described three mgies of knowledge that fall into
this category: beer-mat knowledge, popular undedstg of science, and primary

source knowledge.

Beer-mat knowledges propositional knowledge that can be used fawamning quiz-
type questions. If one knows the date when ChristopColumbus first reached
America, this can be used to answer a quiz quesbtiarectly, but it does not enable one
to go much beyond that. This information by itseldes not carry any useful
information about the importance of this event, dzuses, its consequences for
European and American history, and so on. In atleeds, knowing a historic date does
not provide an individual with an accurate underdiag of history.

Popular understandings significantly more sophisticated than beer-matvdedge,
although still limited if compared to higher levepecialist expertises. In science it
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consists of knowledge about scientific theoriesahis acquired through the mass
media or by reading popular-science books. Thisrmétion is ‘digested’, simplified,
and condensed so that the public can make sentsé\tthough it might provide people
with a general understanding of scientific ideadpies not convey all the complexity of
scientific life and does not enable individualsmake expert judgements. As popular
understanding of science does not involve any irsiaerin the scientific community,
the public might end up with highly misguided copitens of the state of a scientific
field. Settled science, for example, may sometirbestaken to be controversial,
particularly in cases where there are strong isterat stake (e.g. Oreskes and Conway
2010). The opposite might also happen and membetieopublic sometimes take
seriously theories that experts would not regardradible (e.g. Boyce 2006). This is
because members of the public do not have spdc@liK to weigh the relevance of

different theories within the relevant scientifiardain.

Primary source knowledgeonsists of knowledge that is acquired throughdiren
primary literature or quasi-primary literature, bwuithout immersion in the relevant
community of experts. Individuals can acquire aagreleal of primary source
knowledge by searching on the internet, by borrgwmoks from libraries, reading
academic journals, and so on. Being able to uraleistind to reproduce complex
scientific arguments might give individuals and feople around them a sense that
“they know what they are talking about”. Primaryise knowledge, however, does not
enable individuals to make judgements related ® rblevance and the level of
uncertainty surrounding different scientific thexsi For examples, an individual
interested in anthropology who went to a librargkimg for some books on this subject
could end up with books written by evolutionisterfr the late 19 century, who,
although regarded as the founding fathers of tleisl,fare considered ethnocentric by
contemporary anthropologists. Even within curresi¢rsce it can be hard for outsiders

to recognise real/important dissent as opposedargimal views (e.g. Weinel 2010).
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Specialist Tacit Knowledge and Expertise

Specialist expertises are those that require ssatan in the relevant community of
experts to acquire them. Collins and Evans (20089cdbed two main types of
specialist expertise: contributory expertise anteractional expertiseContributory
expertiseconsists of the ability to contribute effectivaly a domain of practices. An
expert in cloud physics, for example, is capableasfying out research into the physics

of clouds that meets the standards of the relgveert group, i.e. other cloud physicists.

Interactional expertisés the mastery of the language of a domain oftmreg, which
results in an interactional expert being able tgage in an informed conversation with
contributory experts. Managers of big-science mtsjare an example of interactional
experts (Collins and Sanders 2007). They have toage large-scale projects that
involve scientists from a wide range of specialtesen though they do not have
contributory expertise in all these fields. Howeuscause they can talk in an informed
way to scientists with different expertises theg able to lead these projects. Some
sociologists and anthropologists of science are el@mples of interactional experts.
They can neither carry out experiments nor writpepsl in the field of science they
research, but they can keep up with a conversaigbmeen scientists and ask informed
questions (Giles 2006; Collins and Evans 2007).

Contributory experts also have interactional experais they have the ability to talk
about their own practices. Scientists, for instarspend much time talking about their
research and in certain fields, such as gravitatisraves physics, more time talking
then carrying out experiments or analysing datalli{@®o2011). However, as the
examples given above indicate, not everyone who ihtesactional expertise has
contributory expertise. People who have only inteomal expertise arespecial
interactional expertgCollins 2011).
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Criticisms of Collins and Evans: Attributional Theories of Expertise

Collins and Evans’ theory on expertise started eaigdebate in STS (Lynch 2003, p.
325). Some members of the community have used tledinition and/or typology of
expertise in their studies (e.g. Gorman 2002; Ra05; Faulkner 2007; Marie 2008;
Sismondo 2009; Rosenberger 2011). Others, howhagg criticised their programme.
Most criticisms have been directed towards theiicgenaking ideas (e.g. Jasanoff
2003; Wynne 2003; Tutton et al. 2005; De Vries 208ifdebrandt and Gutwirth 2008;
Fischer 2009; Moore 2010; Papadopoulos 2011). Hewer small number of people
have criticised their definition and/or their typgly of expertise (e.g. Jasanoff 2003;
Rip 2003; Lynch and Cole 2005; Carr 2010). The gmesvork does not deal with
policy-making thereby criticisms related to thipitodo not affect it. | will therefore
only address critiques that have been made ag#iestealist notion of expertise

developed by Collins and Evans.

Among those who criticised Collins and Evan’s déifam of expertise, there is one
argument that stands out as the greatest thre@atdstigating expertise on the basis of a
realist definition of this concept: the argumentading to which expertise can only be
studied by using attributional theories. Addresdimg criticism is crucial for my work
as it relies on Collins and Evans’ realist defomtiof expertise. | will focus on two
scholars who made this point explicitly in the ratire, namely Jasanoff (2003) and
Carr (2010). | will argue that there is no reasohywattributional approaches to
expertiseprohibit a realist approach. | will also argue that a stapproach may help

understand relevant aspects of attributional studie

Sheila Jasanoff believes that social scientistailshnot deploy a realist definition of
expertise. Rather, they should investigate questsuth as: how expertise is defined in
different social settings; how experts gain or lasedibility; how the boundaries

between experts and non-experts are socially agststt, etc:

Well, to begin with, | have always insisted thapertise is not merely something that is in the
heads and hands of skilled persons, constitutedigfir their deep familiarity with the problem in
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question, but rather that it is something acquira deployed, within particular historical,

political, and cultural contexts. Expertise relevém public decisions, | have further shown,
responds to specific institutional imperatives thairy within and between nation states.
Accordingly, who counts as an expert (and what to@as expertise) in UK environmental or
public health controversies may not necessarilywbe (or what) would count for the same

purpose in Germany or India or the USA. [...] Figallvhat operates as credible expertise in
any society corresponds to its distinctive civiisegmology: the criteria by which members of
that society systematically evaluate the validifypablic knowledge (Jasanoff 2003, pp. 393-
394).

Jasanoff's work is clearly focused on instances reshexpertise is negotiated in
decision-making settings. However, her argumembisonly that a realist definition of
expertise is not adequate for policy-making purpo&he indicates that she does not
believe that a realist concept of expertise cowdddbveloped at all: “Nor there is an
objective Archimedean point from which an all-sgeiagent can determine who
belongs, and who does not, within the magic rinfexpertise” (Jasanoff 2003, p.
394)". She criticises Collins and Evans for essentiaighe nature of expertise by not
taking into consideration contingent socio-histaki€actors that influence the power
and credibility attributed to experts (Jasanoff 200. 392). According to her, the
appropriate role for STS is to describe how différagents define expertise and

attribute different levels of credibility to them:

[...] what emerges as most deserving of analysis lny field is how particular claims and
attributions of expertise come into being and argtaned, and what the implications are for
truth and justice; the intellectually gripping pleim is not how to demarcate expert from lay
knowledge or science from politics (though reflexattempts to make such demarcations should
be taken seriously). Such demarcations will keepdproduced in any case, in the everyday
work of scientists, citizens and institutions ofvgmance. Showing what is at stake in the
making of such boundaries is another matter. That fitting place for critical science studies
scholarship (Jasanoff 2003, pp. 398-399).

There are two lines of argumentation in Jasanoffgicism. Firstly, there’s no

Archimedean point from where it is possible to deiee who is an expert and who is
not. Indeed, within a realist theory of expertigamstimes there will be issues in
identifying who the experts are. This argument, &esv, is unsatisfactory as if it is

taken seriously it undermines all attempts to derdiic research. As much as there are

'3 1t should be noted that at some points she is gmalis about this: “We need both strong democracy
and good expertise to manage the demands of moyleamd we need them continuously” (Jasanoff

2003, p. 398). It is not clear exactly what she msewith ‘good expertise’ if she only accepts an

attributional approach to expertise, but taking tviole argument into account it cannot be a realist
notion.
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issues in operationalising the concept of expertisere are issues in operationalising
all sociological concepts, including concepts sachinterests, social class, power,
credibility, etc. Yet, sociologists have been watkhard for over a century to find the
best ways to operationalise their concepts. Witards to the specific concept of
expertise, one could object that it is particularfgsistant to attempts of
operationalisation. This does not appear to becise. Several recent studies informed
by Collins and Evans’ framework have successfulgpldyed their definition and
typology of expertise to a range of STS problemd #nmore general sociological
issues (Collins et al. 2007; Ribeiro 2007b, c; @elR011; Reyes-Galindo 2011). These
studies do not rely on an Archimedean point fromiclwithey can assess whether
particular actors have expertise or not. Rathey thee a sociological criterion to
identify who the experts in a give domain are. Tisathey are based on the idea that
expertise is acquired through immersion in the comity of relevant experts. Whether
or not a particular actor is an expert depends leter he or she has had immersion in
the relevant domain. This is not a matter of logkiet the social reality from an
Archimedean point, but of carrying out sociologicakearch, which, as research in
whatever scientific domain, will sometimes get gsrright and sometimes get things

wrong.

This is not to say that there are no boundary sselated the usage of concepts. These
issues will always emerge due to the very naturlamjuage, which depends on rule-
following. However, this cannot be used as an aeptmgainst using a realist concept

of expertise in research, otherwise all explanasaignce is also condemned.

Jasanoff also believes that the role of socialndists is to investigate the different
meanings of expertise in different contexts, orgtiner words, how individuals acquire
credibility and authority as experts. Indeed experis defined in different ways by
different actors. Investigations on these procesgeboundary-work have given an
invaluable contribution to STS and to a better @ogical understanding of social life.

However, | disagree with the idea that expertise ocaly be studied by using

attributional theories. As pointed out above, a hanof studies based on Collins and

Evans’ theory of expertise have recently been phbll that shed light on several
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sociological and STS issues that cannot be expmlayeattributional approaches. For
example, from the viewpoint of an attributionaldhg of expertise nothing can be said
about how social division of labour is possible.otther words, how can people with
different contributory expertise/skills work collaatively? In contrast, a realist theory
of expertise helps understand how different tydesoatributory expertise build bridges
between their practices. Collins (2011), for examplointed out that social division of
labour is only possible because of interactiongbegtise in that it bridge the gaps
between different types of contributory experts andkes communication between
them feasible. Gravitational waves physics is aangde of this. There are several
different types of contributory experts working this field (e.g. experts in mirror

suspension design, laser development, analysisawkeforms, and so forth) and, as
Collins (2011, p. 277) pointed out, “they do notefch other’'s work, so the only way

they can gain such understanding is via a shattipe language”.

Another example of the value of a realist theoryegpertise is in explaining what
happens to STS scholars when they carry out timalysis of scientific fields. Collins
and Evans (2007, pp. 31-5) pointed out that ST®aret frequently relies on the
acquisition of interactional expertise. STS scholarsually begin their fieldwork
without much knowledge about the field under stadgd end up learning a great deal
not only about the interactions between their neteaubjects but about the language
they speak (see chapter 2 for more on this). Thisschot make them contributory
experts in the field of science under study, bubawlished speakers of the domains’
language, which enables to them to engage in irddroonversations with expeltsin
other words, they acquire interactional experti8gain, an attributional theory of
expertise cannot explain anything about this precksould only describe whether the
STS scholar acquired status within the communityenrstudy as a fluent speaker of the

language or not.

6 An example of this is Collins (Collins and Evar80Z; Giles 2006), who became so fluent in the
language of gravitational-waves physics that heldcowt be distinguished from gravitational-waves
physicists in an imitation game.



48

Furthermore, the very fact that different sociabugrs have different definitions of a
concept should not prevent sociologists from foating their own definitions. Several
sociological concepts are also used by non-sodgtk@nd defined in a range of ways.

If this is an obstacle for STS, this again woulkbalmmobilise all explanatory science.

The Benefits of a Realist Definition of Expertised Attributional Studies

In a recent review of the anthropological literatwn expertise entitleBEnactments of

Expertise Carr (2010) parallels Jasanoff’'s argument thakeeise cannot be examined
in isolation from its social context. Carr’s poiot departure is the assumption that
expertise is not something that people have, lberasomething that people do (2010,
p. 18). Expertise is enacted by agents and by demghey acquire their status of
experts. Carr's approach to expertise is informgdhe idea that expertise cannot be
disentangled from the power relations within théwaeks in which they are enacted.
Furthermore, expertise, according to her, entagsating hierarchies and distinctions
between actors and objects. In other words, expentform their expertises and, as a

result, participate in the process of constructirgreality.

After all, to be an expert is not only to be authed by an institutionalised domain of
knowledge or to make determinations about whatuis, tvalid, or valuable within that domain;
expertise is also the ability to ‘finesse realitydaanimate evidence through mastery of verbal
performance’ (Matoesian 1999, p. 518). Accordindlyis review approaches expertise as
intensively citational institutional action, rathéhan as a powerful cache of individual
knowledge that is simply expressed in social irdtéoa. To this end, | highlight how expert
actors use linguistic and metaliguistic resourcesiech as jargon and acronyms - and poetically
structure real-time interaction. | also address rible of gestures, uniforms, and other visual
media in the enactment of expertise (Carr 201Q9jp.

Jasanoff and Carr are right when they point out @allins and Evans’ approach to
expertise do not cover all social dimensions ofegtipe. The credibility of experts is
socially constructed and experts also construabkogalities by using their power and
prestige. However, this does not undermine Colimd Evans’ theory. Both dimensions
of expertise can be investigated by STS and theyhat mutually exclusive. Rather, a
realist approach can bring to light interestingeasp of the social construction of the
credibility of experts. Ironically, this is maderyeclear in Carr’s review. She dedicates

a whole section of her paper to discuss sociatisgpirocesses which lead people to
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become experts. In this section she provides skee&emples of the need to acquire

expertise first to then be able to enact it. THBWNg quotation is an example of this:

The social organisation or training has arguablgrbef enduring interest to anthropologists, at
least since Malinowski (1964[1922]) described twege of skills that one must master to initiate
a ritually and technically sound canoe — from takeating, felling, and transporting of trees to
the recitation of rites during the piecing togetberibs, poles, planks (Carr 2010, p. 20).

The following quotation also exemplifies the samep

Because being socialised as an expert involveblettang a deliberate stance in relation to a set
of culturally valued or valuable objects, novicessinmaster a register — that is, a recognizable,
if specialised, linguistic repertoire that can im® technical terms or acronyms, specific
prosodic practices, and non-verbal signs such eialfaxpressions or gestures (Carr 2010, p.
20).

In short, in cases where experts try to build ugdihility around their expertise they
have to be able to show that they have actuallytenes the practices they claim to be
experts in. A relevant variable in this case is tbe the people watching them
‘performing’ their expertise have any expertisetie domain of practices at stake
themselves. If they have, then it is essentiathierindividuals enacting their expertise
to master the tacit knowledge of the relevant domatherwise, other people will

immediately identify them as non-experts. If thaseund them, on the other hand, do
not have expertise in the relevant domains of mractt is much easier for anyone to
enact expertise and pass for an expert, even wiendare not experts. This point is
closely related to the debate on bogus expertsedaout by Collins and Evans (2007,
pp. 54-57). As they have pointed out, a bogus swdiinist who had to play, for

example, a Paganini piece in an orchestra wouldnpeasked immediately by the other
musicians. On the other hand, a beginner violwisd had learned to play one or two
pieces could probably pass for an expert if he gadafpr a community of indigenous

people who were not familiar with this instrument

17 A short story from the Brazilian literature entitléThe man who knew Javanese” exemplifies the
same point. This story was set in the earl{) 26ntury in Rio de Janeiro, where Castelo, an uhzyep

man, read in a newspaper a job advertisement fdavanese teacher. He did not know a word of
Javanese, but knowing that there would hardly Wenaanese speaker in Rio de Janeiro he decided to
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One could object that there are situations, howewvkere individuals trying to pass for
experts end up deceiving real experts. This ic#se, for example, of bogus doctors. If
there is no need to acquire any expertise in a doofgractices to enact expertise in a
believable way, then a realist approach to expetisgs no contribution to attributional
theories. However, even in these cases a realsbagph is useful. The case of bogus
doctors illustrates this point (Collins and Pind®03, pp. 35-60). They are usually
admitted as junior doctors who are still beingrteai and supervised by senior doctors.
Hospital staff are used to having inexperiencedicesy who make several mistakes
before mastering the skills necessary to do thads.j For this reason, nurses and
experienced doctors usually ‘fix their mistakestiuthey have enough practice to work
more autonomously. In other words, the long yeémsnoversity courses do not enable
junior doctors to perform their tasks competemntiyaihospital. They have to be trained
in these settings and acquire tacit knowledge inking there. For this reason, when
bogus doctors begin working in hospitals, meditalf sisually interpret their mistakes
as a result of lack of experience. They then hdeaty of time to be socialised into
hospital practices. Some of them have long andesstal careers and, when unmasked,
other members of their teams get very surpriseguBaloctors in general are only able
to construct a successful career in medicine ag &nthey immerse themselves in the

medical culture and acquire enough tacit knowlddgeass for fully-trained doctors.

apply for the job. He was then invited to go to Mal's house, a rich man who wanted to learn Jawanes
Beforehand Castelo went to the library and leattedbasics of Java's history, the Javanese alphabet
three grammatical rules, and about twenty wordbisflanguage.

Manuel was a frail old man who had an old book teritin Javanese, which was given to him by his
grandfather, who, in turn, had it awarded to himLiondon by a wise man from Asia. Manuel’s
grandfather was advised by the wise man to havetaedson read the book, which would make his
family keep its good fortune. Manuel, feeling timég last days on earth were approaching, decided to
fulfil his mission and learn Javanese. He hiredt€lago teach him Javanese. During the first marith
lessons Castelo tried to teach Manuel the Javaalpbabet. However, Manuel’s progress was too slow.
The old man then decided that if Castelo read tukland translated it for him this would be enotmh

him to fulfil his task. Castelo began then to pnethe was reading the book and to invent its cantés
was so successful at doing this that eventually Wtsh son in law, who was an influential judge and
knew many politicians, got him a job in the Ministf Foreigners.

This story is interesting because Castelo onlyquhésr a person who knew Javanese because there was
no speaker of Javanese who could assess his krgevieldthe language. If there had been a single
Javanese speaker around him he would have immbdiadéen spotted as a fraud. (This story can be
found onhttp://www.releituras.com/limabarreto_javanes.a®fs link was last accessed on 09/10/2012).
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In other cases bogus doctors are assigned to woi&esmeral Practitioners. General
Practitioners, in the UK system, are the first eshtfor patients with the health care
system. They run their own clinics and refer pdti¢n specialists whenever they deem
it necessary. In these cases, they usually wotktess from other doctors and, as long
as their behaviour is not too unusual, they cailyedsceive their patients, who do not

have the expertise to assess whether they are templ®ctors or not.

In sum, a realist theory of expertise may shedt lagghinteresting issues related to the

credibility of experts and enrich attributional apgches.

Chapter Summary

In this chapter | have presented the theoretiaahéwork that underpins the whole
argument set out in this work. | have presented rdadist approach to expertise
developed by Collins and Evans. According to thetpesetise is the tacit knowledge
shared by members of a domain of practices. | ptedethe different types of tacit
knowledge, i.e. relational, somatic, and collectiVepointed out that for sociology
collective tacit knowledge is the heart of this cept as it consists of knowledge that is
kept tacit due to the very nature of the socialeveloped this idea by explaining the
problem of rule-following, which is based on a sbogical interpretation of the late
philosophy of Wittgenstein. Finally, | examined sogriticisms of Collins and Evans’
theory of expertise. Some critics have argued éxaiertise must be investigated by
using attributional theories. | responded to thestcs by arguing that there is no
incompatibility between realist and attributiondledries of expertise. Rather, an

attributional approach can benefit from insightsira realist approach.
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Chapter 2 — Methods

This chapter describes the methods used in themresork. | have used a combination
of qualitative semi-structured interviews with peigatory observation to immerse
myself in climate-change science as whole and lageaanography in particular. The
rationale behind these choices was to acquire adtenal expertise in
paleoceanography, which underpinned my sociologatalysis of mechanisms of
communication between different expert communig@sllins 1984; Collins and Evans
2007, pp. 31-35; Collins 2009).

Hess (2001) reviewed the STS literature and arghat there have been two main
generations of ethnographic research in this fikld. however more appropriate to talk
about qualitative instead of ethnographic reseascHess includes the work of scholars
who are not traditional ethnographers, such asrdole.g. 1985; 2009). Hess's division
of STS into different generations is helpful tauaie the methods deployed in this work.
The first generation emerged with SSK (see chagtefor more on SSK) and
concentrated on the problem of how particular gtientheories acquire credibility
through a number of social processes (e.g. BloG61MacKenzie 1978; Latour and
Woolgar 1979; Shapin 1979; Barnes 1982; Collins5)98he second generation
emerged around the 1990s and had more political smathl engagement than the
previous one, including, for example, feminist (Bwan 2007) and postcolonial studies
(Anderson and Adams 2007). They sought not onlyrderstand social processes
taking place within science and technology but &atsoeform society so as to make it
more inclusive or less unequal. Studies carriedvattiin these traditions went much
beyond the realm of science — i.e. the core-sehd-aso examined activists, social
movements, and other social groups linked to seiamd technology.

Within Hess’s classification of STS qualitative mads literature, the present work can
be located in the first generation. Although | amefested and concerned about the
prospects of rapid climate change, this work hasrged much more from an
intellectual interest in how knowledge is produeed communicated in climate-change
science than from the idea of producing knowledg# will necessarily have a direct

practical application in environmental policy.
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According to Hess (2001), within this first gen@atof ethnographers there have been
different traditions approaching qualitative methoeh different ways. Laboratory
studies (Latour and Woolgar 1979; Knorr-Cetina 198faweek 1988; Knorr-Cetina
1999; Doing 2008), for instance, have been onehefrost influential approaches.
These studies consisted of long periods of fieldwasually in a single laboratory,
where researchers sought to do something similahtt classical anthropologists (e.g
Malinowski 1964[1922]) did when researching indiges people in remote areas. They
spent extended periods of time in laboratories lndbserving scientists and ‘science
in the making’ they sought to work out how scidntitnowledge was produced and

legitimised.

The approach to methods in this work is a differené. It is based on the idea of
participant comprehension developed by Collins %hd deployed in a number of
studies by STS scholars (e.g. Collins 1985; Pir@861 Collins 2004a; Stephens 2005;
Ribeiro 2007a; Reyes-Galindo 2011). Although tlppraach to qualitative methods in
STS has sometimes also been referred to as labpsitalies (e.g. Knorr-Cetina 1995;
Doing 2008), there are important differences betwbem. Participant comprehension
consists of acquiring competence in the domain ustely. Instead of carrying out
extended fieldwork in a single laboratory, the uguractice is to carry out interviews
with researchers working in several different ingtons as well as having other types
of immersion in the domain by going to conferenaad other scientific meetings. In
certain cases there has been even engagement heitipractices of the scientific

community under study (e.g. Collins 1984; 1985).

Before describing in detail the activities thatavle used to collect data, | will explain
more thoroughly the notions of participant compretien and introduce the idea of

alternation better to explain the methods deplagedtis work.
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Participant Comprehension and Alternation

In the present work | chose a combination of meshatformed by the idea of
participant comprehension. The idea of participaomprehension was initially
developed by Collins (1984) to explain the methloesleployed in his early work (e.qg.
Collins 1974, 1975, 1985) and then further elalestatnder Collins and Evans’s theory
of expertise (Collins and Evans 2007, pp. 31-33i®02009). In studies informed by
participant comprehension researchers seek toatiters much as possible with the
group that is being researched. The main goal det@lop native competence or, to use
SEE’s conceptual framework, to acquire expertis¢han form of life of the research

subjects:

[...] the investigatorhim/herselfshould come to be able to act in the same wahaative
members ‘as a matter of course’ rather than remembeecord the details dheir interactions.
[...]. The stress is not on recording events (thotii may be necessary for other aspects of the
project in hand) but on internalising a way of li€@nce this has been achieved, observation may
as well be done on the investigator as other natieenbers, for he/she should be like a native
member. We might call this ‘participant introspecati In this method, then, the distinction
between observer and observed is blurred (Col@&t1p. 61).

Collins’ research on parapsychology is an exampliilbimmersion in a form of life
(Collins 1984, pp. 61-64). He worked with scierstisinvestigating paranormal
phenomena and helped designing, carrying out, nalysing experiments. He even co-
authored a paper on the results of parapsycholaggrenents (Pamplin and Collins
1975). This was an example of a sociologist ofremebecoming a contributory expert
in the field under study. In other cases, contobutexperts in fields of science and
engineering have made a transition to STS and useé their contributory expertise to
underpin their sociological investigations (Ribei®07a; Reyes-Galindo 2011)
Contributory expertise however is not a conditiondarrying out research informed by
the idea of participant comprehension. As Collig®1(l) pointed out most of our
knowledge comes from language, particularly in dosawith high levels of
specialisation. In these cases, most of what iddadi experts know is learned through
language as their own practices are only a minpaal of all the practices that belong

to their domain. For this reason, the differencéawben an individual who has

'8 There are other examples of STS researchers irfbby other theoretical frameworks who undergone
the same transition from natural sciences or erging to STS (e.g. Park Doing 2004).
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contributory expertise in a domain and an individudo has special interactional
expertise is solely the engagement of the contityuéxpert with a very narrow set of
practices. When it comes to the language of thid,fihere is nearly no difference
between them. In this sense, having contributorpegise in a field or special
interactional expertise does not make much diffeeeior a STS researcher. Collins, for
example, has been over the past 40 years conduatinigtensive fieldwork among
gravity waves physicists and does not claim to haseome a contributory expert in
this field (Collins 2009). He has acquired spetigractional expertise in this domain,
which enables him to carry out an in-depth analgdishis community. The present
study is also an example of this. It is informed the notion of participant
comprehension. | sought to acquire a general utadetmg of the language of climate-
change science as a whole and a deeper undergamdinthe language of
paleoceanography, i.e. to become a special interattexpert in this field (I will return

to the issue of how deep my immersion in thesedgiblas been below).

Having immersion in the domain of practice undedgt however, is not enough for a
sociological study. If this were the case, evedividual would be a sociologist of the
collectivities he or she is immersed in. It is alsecessary to be able to examine the
experiences involved in the immersion process uaisgciological framework. In this
sense, it is necessary to alternate between ditfér@mes of meaning, i.e. to be able to
‘see’ the world through the eyes of a sociologistveell as through the eyes of
members of the form of life that is being investegh(Collins 2004b). This process is
called alternation (Berger 1963; Collins and Yeal®92). In the present work | have
immersed myself in the form of life of climate-clggnscientists, and particularly of
paleoceanographers, to understand what it is tgdve of their collectivity and to
understand the worldview shared in their domairpraictice. When | carried out my
sociological analysis, however, | had to alterrzdek to a sociological framework and

produce a sociologically relevant piece of research

The idea of alternation is useful to distinguishitipgpant comprehension from other
methodological approaches in STS. A usual conagesocial sciences research is that

of going native, which would bias the researchecggtion of the domain under study.
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In this case, he or she would only reproduce teeadirse of their informants instead of
producing analytical accounts that question tal@ngfanted social practices. Latour
and Woolgar (1979, pp. 27-33), for example, whoehproduced one of the most well-
known works within the laboratory studies traditi@mgued that in STS it is important
to keep the attitude of anthropological strangemneissn doing fieldwork so that the
analyst do not take for granted the research #&esviof the scientists under study.
According to them, the high status of science insmciety could potentially lead STS
scholars to accept that scientific practices aeevihy they are because this is the most
rational way of doing things. For this reason, tooch immersion in the culture under
study could be risky: “Outsiders largely unfamiligith technical issues may severely
jeopardise their observational acumen by initiallfpmitting themselves to an uncritical
adoption of the technical culture” (Latour and Wgao1 1979, pp. 30). From the point
of view of participant comprehension, however, thisk does not exist as long as the
researcher alternates between the frame of referehthe field under study and the
STS framework underpinning his or her analysis.dBing so, it is possible to acquire
an in-depth understanding of a domain of sciena still carry out a sociological

analysis of it.

Methods: An Overview

The idea of participant comprehension was centmahfy study in that | investigated

how scientists communicate, collaborate, and iotesanong themselves to produce
knowledge on climate change. In order to identifyeve there is shared understanding
or communication issues between two communitiegjag essential to understand the
form of life of my subjects, their practices, arite tmeaning they attribute to these

practices.

To acquire a general linguistic understanding ahate-change science and special
interactional expertise in paleoceanography | haeployed a combination of
qualitative methods. | have conducted qualitatieenisstructured interviews, which
were chosen because they are particularly usefulioerstanding how respondents

frame and attribute meaningpbenomena, events, or behavio(Mason 2002; Warren
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2002; Forsey 2012, p. 365)hey were an appropriate method to understandrainee
of meaning that underpins the worldview of the igatar forms of life under study, i.e.
climate-change science as a whole and paleocegiiogiaparticular. These interviews

were a rich opportunity to immerse myself in thegiaage of these domains.

| have also conducted participatory observatioaml deliberately not using the term
participant observation here to distinguish the enioaditional laboratory ethnography
approach from participatory observation, which ¢sissof observational research with
a view to acquiring participant comprehension. €fme, | did not carry out a
traditional ethnographic work, i.e. | did not spesxdended periods in a given locality
taking careful notes on the events, behaviours, pimehomena taking place there
(Delamont 2004, 2012). Rather, | have conducted umber of participatory
observations at different sites, including labonatasits, and attendance at two summer
schools and scientific meetings. This is becaussad more interested in immersing
myself in climate-change science and in acquirirsg nauch special interactional
expertise as possible in paleoceanography thannderstanding the production of
knowledge at a particular site. To do so | did wéaentists usually do when they are
socialised in their own fields, i.e. attend confexes and scientific meetings, talk to
senior researchers, visit laboratories, attend semsuhools, and so on (Collins and
Evans 2007; Collins 2011).

From a methodological point of view, it is importario emphasise that

paleoceanography is a laboratory science and d $elence, having also the usual
conferences, research seminars, and so on, whergists meet their peers. Traditional
STS ethnography has been carried out in the latnyrée.g. Latour and Woolgar 1979;
Knorr-Cetina 1999; Doing 2004; Hong 2008) and ie field (e.g. Frodeman 1995, pp.
95-116; Goodwin 1995; Almklov and Hepsg 2011).His work, as pointed out in the

above paragraph, | conducted participatory obskenvan both settings.

Associated with these activities, | have also réextbooks, technical papers, and

material available on the internet on climate-cleasgience and on paleoceanography.
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This included reading information on websites deddb promote public understanding

of science as well as watching videos availabléenetl

Preliminary Stages: Collecting Data on Climate-Chage Science

My fieldwork consisted of two stages: Firstly, | nchucted a preliminary set of
interviews with experts from several areas of kremlgle which are part of climate-
change science. The main goal was to have a bagiddtic socialisation in this field to
‘get a sense’ of what climate-change science isadriebw scientists interact with each
other in this field. When | set out to do theseitews it was not clear to me what my
PhD project would be about. Similarly to what Qmdli(2009) reported about most of
his fieldwork, | just ‘went out there’ looking fosomething interesting in climate-
change science that | could research. | was net whether | would study something
related to climate policy or whether | would keeg facus on social phenomena that
take place within the scientific community; thetéathave turned out to be the case. At
that point | carried out semi-structured interviearsl most of the questions revolved
around my interviewees’ research projects and th&ractions and collaborations with

other experts.

These interviews were carried out in 2010 withesext scientists. As these preliminary
interviews intended only to provide me with a gahedea of what climate-change
science is | sought to interview scientists witfiedlent types of expertise and who were
easily reachable. | initially conducted eleven iviiews in the first semester of 2010 at
my own institution, Cardiff University, where | grviewed scientists in all departments
where there is research into any aspect of cliciadémge. My respondents had expertise
in the following areas: hydro-environmental engnnegg paleoceanography, ecology,
and architecture. | also interviewed in SeptemB6d,0, Sir John Houghton, a retired
atmospheric physicist who is the former chairmarthaf IPCC working group | and
who currently lives in Wales. The IPCC is the modluential institution in climate-
change science (see chapter 3 for more on the IP&XCat that point | was looking to

9 The videos produced by the International Drilliggramme were particularly relevant for this work.
See note 41 on page 111 for further informatiothisprogramme.
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acquire a general understanding of what climatexgbascience is, | interviewed Sir

John Houghton to collect data on the history anthengoals of the IPCC as well as on
how this central institution in climate-change scie works. | also carried out three
interviews in Brazil in December, 2010, my homeroy with scientists working in an

international interdisciplinary research progranenétled ‘The Large Scale Biosphere-
Atmosphere Experiment in Amazon (LBR) These interviews were carried out by
chance as | was then in Manaus, where this resgaogramme is based, and | had a
key contact in that city that facilitated my accessclimate-change scientists. My
interviewees had expertise in biomass, biogeochigmend atmospheric physics. The
atmospheric physicist was also the manager ofrdssarch programme and provided
me with a big-picture view of how such a multid@eiary and interdisciplinary effort

worked.

| conducted most of these preliminary interviewsha interviewee’s offices. Sir John
Houghton was interviewed in his house. These ggsitimere appropriate as my
respondents could focus on the interviews withowtnyn distractions. The only
exception was an interview with a postdoctoral aeseer in Brazil, which was carried
out in a corridor of the research institute whezenorked. This was not an ideal setting
as there were people constantly passing by andimgd@m. Yet | managed to ask him
all the questions | intended to. These intervienerenthen transcribed. These data,
however, are not directly used in the empiricalptbes of this thesis (chapters 4 to 8),
which deal mostly with paleoceanography. These dat@ mainly used as background
information that helped me frame my research andhgedata on paleoceanography

into a wider context.

In addition to these interviews, in 2010 | atten@etivo-week long multidisciplinary
summer school at Brown University, US, entitledin@ite Change and its Impaéfs’
This was an opportunity to have some initial lirggigi immersion in several areas of

climate-change science though this was a long way ffull interactional expertise. |

Further information on this research programme carbe found on
http://Iba.cptec.inpe.br/lba/index.php?lg=eng

2L Further information can be found on their webditép://brown.edu/about/administration/internatienal
affairs/biari/
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attended lectures on a range of different aspdatBnoate-change science, covering its
four main research areas (causes and processémafecchange, impacts, adaptation,
and mitigation), which were taught by renowned aesigers from institutions across the
world. During these two weeks | had several infdroanversations with many of the
forty participants in the summer school and coelarh from them a little about their
research areas. Most of the participants were refses at doctoral level. They had a
variety of scientific backgrounds, including clilmahodelling, biology, economics, city

planning, anthropology, demography, engineeringeorelogy, etc.

Collecting Data on Paleoceanography: Introductory Rmarks

At the end of this period of preliminary fieldworkbegan to narrow down my research
interests so as to find a domain that could beilibasesearched within the time frame
of a British PhD and decided to focus on paleocgaaphy. As pointed out in the
introduction, | chose to focus my research onfikisgl for several reasons, including the
fact that it is part of the main area of researctlimate-change science, i.e. the study of
causes and processes of climate change; the cloBabarative ties between
paleoceanographers and climate modellers, whiehcdsntral research area in climate-
change science; and the existence of a world-gdaksoceanography group at Cardiff
University, which made it a more viable choice fioy study, given funding constraints
for fieldwork, than fields of science that are stongly represented in my institution.
The interviews and the participatory observatiorrevthen carried out between the
autumn of 2010 and the autumn of 2011. A numbeangiivities were carried out
including qualitative semi-structured interviewspdratory visits, and attendance at

scientific meetings and at a specialised summesdch

Interviewing Paleoceanographers: Recruitment and Saple

Rubin and Rubin (1995) pointed out that there arer fkey steps in recruiting
interviewees: initially finding a knowledgeable anfmant, getting a range of views,
testing emerging themes with new interviewees, @mbsing interviewees to extend

results. Rapley (2004, p. 17) argued that althahgke are valuable ideals, recruitment
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usually does not linearly follow these steps, tgkptace on aiad hocand chance basis.
This was the case in my research. | have neveahaditial knowledgeable informant.
Once | finished my preliminary interviews, | hadready interviewed some
paleoceanographers at Cardiff University, and asted out above, | selected
paleoceanography as the focus of my research. idtpihint | was already getting a
range of views on several relevant themes for mgarch, such as how knowledge is
produced in paleoceanography, how labour is divigethis field, as well as | had
already began to be socialised in this area, affhahis process was still at initial
stages. What happened next was trying to get an evger range of views on how
paleoceanographic knowledge is produced by inteiag a larger number of
paleoceanographers and scientists from adjacentciafjpes involved in
paleoceanographic research, such as micropalegigtdp geochemists, paleo-
modellers, and so on. By doing so, some initial dilgpsis about the process of
production of knowledge, social division of laboand communication between experts
in this field were tested, revised, and a betteleustanding was gradually achieved. To
do so | carried out a new set of interviews at @fakdniversity and at this time |
interviewed all members of the paleoceanographyumgrorhese were found by
searching the university’s website. Subsequentygked members of this group if | had
missed anyone. Three paleoclimatologists from @fakéhiversity that | had already

interviewed in the preliminary stage of my reseaxehe re-interviewed at this point.

In order to have a wider and more diverse sampleed the technique of snowball
sampling (Biernacki and Waldorf 1981; Atkinson amdéint 2001) to find new
interviewees. Snowball sampling consists of askierviewees to provide suggestions
about other actors belonging to the same commuviiy could be interviewed in the
future. It is a particularly useful method of reitment and sampling in research with
hidden or hard-to-reach populations, such as tpe\s, the socially stigmatised, and
elites (Atkinson and Flint 2001). This was an ajppiete methodological choice for my
research as my interviewees are part of the stiestite as they have privileged access
to scientific knowledge in their field and they eypjmore prestige and power than the
average citizen (Stephens 2007). Moreover, whateusities have world-class research
centres in paleoceanography is not ubiquitous kedgé; therefore | had to rely on the

judgements made by the experts in this field. ledskny respondents at Cardiff
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University where in the UK there are strong paleoography and paleo-modelling
groups. | restricted my interviews to the UK dudunding constraints. | identified the
following universities as appropriate sites forldigork: Cardiff University, Bristol
University, the University of Southampton, the Uamisity of Cambridge, the University
of Oxford, the University of Nottingham, the University of Legdhe Open University,
the University of Edinburgh, the Imperial Collegad the University College London.
Time and financial constraints, however, did néavalme to carry out interviews in all
these British institutions. | excluded Scottish wamsities from my sample and
concentrated only on England and Wales. | themieghrout interviews at four
universities that, according to the informationhgaied from my respondents, had some
of the most renowned paleoceanography and pale@lfimay groups and at the same
time were easily accessibl@&ristol University, the University of Southamptothe

University of Cambridge, and the University of Ovdo

Identifying experts in paleoceanography at thesgeusities was not a difficult task.
Some names were suggested by interviewees. | al@hed the websites of these
institutions for scientists working in paleocearaggry. | then emailed them explaining
about my research project and requesting an imervi Afterwards, | arranged

interviews with all scientists who replied posilivéo my emails.

Kvale (1996, p. 102) suggested that the standandbeu of interviews in qualitative
research is 15 £ 10. In my research | carried cathtyrmore interviews than this, which
is justified by the need to have as much immersenpossible in the language of
paleoceanography. In 2011, | carried out interviewts forty two paleoceanographers
and scientists from related specialties which argongly involved with
paleoceanographic research, such as geochemisicyppaleontology, and paleo-
modelling. | did not follow any rule of thumb in téemining this number such as
interviewing a pre-determined minimum of peoplenderviewing until reaching a point
where new interviews would not bring to light ‘fresnformation. Rather, | tried to
maximise the number of interviews considering thieding | had available. | did so
because of the major goal of the interviews, i&vifg a linguistic socialisation in

paleoceanography, so that the larger the numbetatiews, the deeper my immersion
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in this domain would be. The final number of iniewees, therefore, reflects the
number of scientists willing to talk to me at thaiwersities where | carried out

interviews.

| only interviewed full-blown experts, which meatisat | only interviewed scientists
who were at postdoctoral level or above, excludhd and Masters students, who are
not yet full members of the oral community in whiakeractional expertise is located. |
also interviewed technicians and research asssciatbo provide support to
paleoceanographers. Most of them had already bemmtegl their PhDs in
paleoceanography or in related areas. The onlypgorewas a laboratory manager who
held a Masters degree. | interviewed technical r&éarch staff in order to understand
the technical dimensions of scientific research aod/ knowledge and skills were
divided between scientists and people providingmtheith technical or research

support.

I interviewed all members of the paleoceanograptoyps at Cardiff University who
fall into the categories described in the last gaph. At the other universities |
interviewed at least half of the scientists involweith paleoceanographic research.
Those who were not interviewed either did not rejglymy emails or refused to be

interviewed arguing that they were too busy or away

Only one interview stood out as sharply differerdanif the others. | went to the
University of Southampton and interviewed a postoi@ researcher in one of the
University refectories. Once the interview finish&mme colleagues of the interviewee
sat around us and started chatting. One of them avasnior researcher who had
previously declined my requests for an interview.introduced myself and he
remembered the emails | had sent him. He thenn@do start asking him questions. |
did so and the interview unexpectedly happenedettzard then. One third of the
interview, which lasted forty five minutes, was ro@d out in the presence of his
postdoctoral assistant who had just been intervilewed of a lecturer who also worked

with him and who | had interviewed earlier on tloay. At some point all of them
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commented on how they divided labour between thbendifferent skills they had, and
how they could contribute to fieldtrips with thoskills. Although this unexpected
situation could have generated difficulties in thedme people could have felt
uncomfortable with being interviewed among theileagues, this interviewee had a
strong personality and did not appear to be emssech This unusual situation actually
ended up being beneficial as it provided me with $ituation to explore the social

division of labour within a particular research gpo

The Interviews with Paleoceanographers

The interviews usually lasted between one or twarfio | developed a list of topics that
| tried to cover in the interviews, but wheneveriaterviewee had particularly useful
information on a particular topic | would dedicatéarger amount of time to it than to
other topics (see appendix A for examples of tdigts). As is usual in qualitative
research the topic lists changed over time aneémifit topic lists were used depending
on the actors being interviewed (Rapley 2004; Ro&@12). Before the interviews |
read the university profile of my interviewees tavh a general sense of what their
research was about and whether there was a sptapiic that would be particularly

interesting to explore.

The interviews usually began with me asking abbatihterviewee’s research interests,
which were useful to break the ice. The answehi® question usually led to a number
of other questions related to the research carogd by my respondents. These
questions were useful for my socialisation in thédd. | usually also explored some
topics that helped me operationalise the contrityuéapertise of my interviewees: their
particular specialisation within paleoceanographyg; social division of labour in their

research group, in their laboratories, and in tkeitaborative networks; the different

stages of research in paleoceanography and howeat/o each of them they were; the
research techniques used by them to generatepiieteand/or model data; the types of
judgements they had to make during research; ahéerences they usually attended;
the journals they kept up with and those they phield in; and how they attempted to

transmit their expertise to their students. Thdofwing topics were used to explore
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what fields my respondents had interactional exgeeiin: which groups of scientists
were particularly easy or difficult to communicatéh; how much my interviewees
were well informed about paleoceanographic reseaimiques they did not use; and,

again, the conferences they usually attended anpbthinals they kept up with.

Most interviews were carried out either in the miewee’s office, in their laboratories,
or in meeting rooms where we would not be disturlbedix cases, however, | had to
carry out interviews in other settings, particylavthen | interviewed postdoctoral
researchers or research staff who shared officeesgave interviews were carried out
in cafes and one was carried out in a park nearbthieling where my interviewee
worked. In these cases | attempted to conductritfeeviews in quiet areas to minimise

noise and distracting factors as well as to keegctmnversation private.

As other researchers have reported when intervggverperts, most interviewees
adopted a pedagogical tone when speaking to mph{&te 2005). At the beginning this
was useful as | knew very little about their fi@tlinvestigation. As | acquired higher
levels of interactional expertise, | had to devestrategies to suggest that | already
understood the basics of paleoceanography so fttidtiot waste interview time with
explanations of basic information. | would usuallyake an intervention either
mentioning that | had already interviewed someorth & similar expertise or ask a
guestion involving some paleoceanographic technaajuage showing that | already
had a basic understanding of this field.

| have also emailed some interviewees and asked tbeclarify points they had made
during the interviews that | found obscure and thatilld be useful to understand better.

Information provided in these emails are also usedis thesis.
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Interviews: Transcription and Analysis

All interviews at this second stage of my reseawveie recorded on electronic devices
and transcribed. The transcribing process was ueeful in terms of my linguistic
socialisation in paleoceanography in that | hegrairathe information provided by my

interviewees.

There are debates in the methods literature on epigtemological status should be
attributed to transcriptions. A constructivist vi@m transcriptions have emerged over
the past decades and questioned the idea thattiggiens are direct representations of
the encounter between researchers and intervief@agsDenzin 1995). This has led to
experimental ways of transcribing whose extremes raixtures between qualitative
research and arts, such as poetic transcriptiogs@esne 1997). Indeed transcribing is
not a fully straightforward process as it involv@snumber of judgements that to a
certain extent construct what readers will haveesgco, i.e. whether to represent in the
transcription the whole range of sounds, silengemjses, and overlaps between
interviewer and interviewee; where to begin andeta the extracts, and so on
(Hammersley 2010). However, as Hammersley (201@t@d out, transcriptions are
not only constructions. They are also based on sstatde records that, despite being
amenable to multiple types of transcription, ard ntade up. There is a sharp
difference, for instance, between a researchermgakecisions on how to transcribe an
interview and a novelist creating stories. In teense, rather than engaging with
postmodern forms of transcribing that take the ithed transcriptions are constructions
to its extremes, | deployed a more traditional apph to transcribing. | basically
sought to transcribe the words uttered during titerviews using standard orthography.
Exceptions to this were long pauses which wereassprted with ellipsis to indicate that
the interviewee had to ponder before respondinggHter, to indicate that what the
interviewee had just said was a joke; and | alsotevnotes indicating interruptions to
the interviews, including telephone calls to theeimiewees or colleagues and students
coming to their offices to ask them questions.
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The interviews were then coded using NVivo. Masinscriptions generated word
documents with more than 5000 words and in the oa$eng interviews they reached
up to 19000 words. The codes were used to categparts of the interviews under
labels that would later on help me retrieve infalioraon specific themes and patterns,
i.e. | deployed a code and retrieve procedure @yodind Atkinson 1996). This strategy
was particularly useful because of the large amotiiterview data. These codes also
established links between the ‘raw data’ and cotscapat would inform the
interpretation of the data (Coffey and Atkinson @p%trauss (1987) pointed out that
codes can be sociologically constructed or in wedes. The latter are based on the
language of the social group under study, wherbas former are based on the
sociological literature. |1 used a mixture of boffhe most important sociologically
constructed codes were: collaboration, social aivi®f labour, types of specialisation,
interaction between empirically-oriented scientestsl modellers, and stages of research
in paleoceanography. In vivo codes were used tegoaise information on specific
techniques deployed by my interviewees and on phena researched by them, such
as anoxic events, carbon compensation depth, cdadmbopes, oxygen isotopes, etc.
None of the codes were generated before this stgee research. | developed them
and sometimes re-labelled them throughout the goplincess. The whole process was
iterative in the sense that | generated codes weating the transcripts and once new
information was read | would either generate nedesp apply codes that | had already
developed, or change the codes so that they waulddre appropriate for the goals of
my research. The codes reflected my interest inerstanding the production of
knowledge and communication between expert commesnit paleoceanography and
how | could link these topics to the expertise feavark developed by Collins and

Evans.

After coding the interviews | began to analyse ¢bded data. However, it was not at
this stage that the data analysis began. My resemas informed by the idea that data
analysis and data collection should not be sephratages (Delamont 2012). The
interviews were transcribed throughout the fieldwand not only after | finished
collecting all the data. This procedure allowed iepughout the data collection, to
identify topics that looked particular interestingd to collect further information on

them. By doing so, interviews that had already tesmscribed informed the following
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interviews. Furthermore, during the data collectlopresented preliminary results at
research seminars at Cardiff University, for reskearoups based at other universities,
and at conferences. In all these presentationadflied from invaluable feedback from

the audience which helped me developing the nepssdtf my data collection.

With regards to how | have interpreted the codeth,dadid not use a traditional
inductive ethnographic approach, i.e. find pattamshe data, such as regularities as
well as the lack of regularities and then make gdmsations (Delamont 1992).
Although this is a legitimate method for traditibeshnographic research, if | had used
it to interpret interview data it could have led toeepistemological problems. Gilbert
and Mulkay (1984) pointed out there are issuesteéldo seeking regularities in
interviewee’s accounts of phenomena and eventsamido the research. They argue
that in interview data there is a multiplicity affdrent accounts that the social science
analysis transforms into a single story by findnegularities and taking them at face
value. By doing so, radically diverging accountsyided by different interviewees and
even diverging accounts provided by the same igeme are ignored. According to
them, this procedure misrepresents the intervieweaéses and ignores the diversity of

accounts of the social world.

The present work is not affected by this criticibatause | did not base my analysis on
patterns found in the coded data. Rather, | sotghbternalise the form of life of
paleoceanography and based my analysis of theviewerdata in the interactional
expertise that | acquired in this field. The inteww data was used to illustrate points
that | learned through my immersion in this fielddato convey the feel of relevant
situation or phenomena (Collins 1984, p. 64). Tleees instead of basing my analysis
on interviewees’ accounts, | based it in my sos#ion in this field and used these

accounts to exemplify points that are particulaglgvant for this thesis.
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The Interviewing Process in Retrospect

Overall the interviewing process was successfullaperienced few problems. | went
through a fascinating socialisation process. It wasceable how much more | got to
understand of my interviewee’s domain language ablt their form of life towards

the end of my fieldwork if compared to the begimpirexamples of this were the
interviews carried out at late stages of my fieldwyavhich discussed much deeper
scientific issues than the initial ones. The inttoaal expertise acquired during the
research also helped me transcribe the interviewghat | could recognise and
accurately transcribe technical concepts that etbéginning of my fieldwork I could

not understand. As | will argue below, | did notcome a full-blown interactional

expert in paleoceanography as my immersion infibid was too short to achieve this.
The level of interactional expertise that | acquigs however sufficient for the task of

conducting a sociological analysis of area of resea

| experienced some issues related to the poli@vagice of climate-change science and
the controversies over this topic. Scientific knedde from this field has been regularly
used by politicians, activists, and the media eittee argue that global warming is
happening and is a serious issue or to deny itende. This has put a great deal of
pressure on climate-change scientists and made sbthem wary of possible uses of
their work. The glaciergate scandal is an examptais’®. Although paleoceanography
has not been as much as the centre of the globahing debate as other fields of
science that are regarded as more relevant focypoiaking, a few issues emerged in
my study related to getting access to intervieweegen though most of the
paleoceanographers that | contacted were happglporhe with my research, some of
them were wary of being interviewed because of ghessures and political issues
related to climate-change science. A researchen tiee University of Cambridge, for
instance, responded my email saying that befor@ishgcto accept to be interviewed
she had checked with a senior paleoceanographen @ardiff University the
authenticity of my research. This was motivatecahyemail attack that her department

had received a few weeks before my request in whictording to her, pressure groups

%2 See Grundmann (2013) for a brief description @ #tandal and Pearce (2010, pp. 193-209) for a
journalistic account of it.
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requested data looking to use it in a negative wWagrtunately, | had already
interviewed this senior researcher and he was aofattee authenticity of my research
project. It cannot be determined how many poteiiarviewees declined my interview
requests because they were suspicious of thenegiti of my research project, but this

might have generated some refusals.

Laboratory Visits: Physical Contiguity with Paleoceanographic Practices

Besides the interviews, | have also carried outigpatory observations through some
laboratory visits, attendance at scientific meetingnd at a summer school in
paleoclimatology. | would hesitate to call this retgraphy though. In contrast with
traditional ethnographic approaches (Delamont 2Q@042) | did not spent an extended
period of time in the field doing participant obgation and taking detailed notes of
what was going on. Rather, these activities wenme phthe process of immersing

myself into paleoceanography to acquire a partidipamprehension of this field.

The laboratory visits were carried out to have pials contiguity with
paleoceanographic practices. Physical contiguigy tigpe of immersion in forms of life
that consists of interactions with experts in pnaity to the practices of the domain, but
without any ‘hands-on’ experience (Ribeiro forthéngia). It is a more efficient way of
acquiring interactional expertise in a domain thgronly talking to experts. It provides
individuals with an enhanced linguistic socialisatias it creates opportunities for
individuals to ask experts questions that perhapsladvnot arise were they not close to

the site where practices are carried out (Riberthtoming-a).

| visited paleoceanography laboratories at Candiffversity and at the University of
Cambridge. | carried out four visits at Cardiff Yersity between the spring of 2011
and the spring of 2012, having been to all the quaanography laboratories of this
University. This includes the laboratories wherdisentary cores are processed and
where geochemical analysis is carried out (seetehap for further information on

paleoceanographic research). At the University am@ridge | went to their mass
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spectometry laboratories where a researcher exoaio me some details of their

geochemical analysis.

Unlike more traditional laboratory studies (e.gtdua and Woolgar 1979; Knorr-Cetina
1999), in which STS scholars spent extended perilodle laboratory observing the
daily routines of scientists, these visits werergHasting around half an hour each of
them. | did not stay in the laboratories watchihg scientists working for long hours.
They showed me the different parts of the laborasoand they explained to me what

they were doing or would ordinarily do there atreparticular stage of research.

In these opportunities, | benefited from physiaahtoguity with experts. | could ask the
people who were showing me the laboratory, whouthetl technicians, research staff,
and faculty members, about their production of daid understand better how they
worked and divided tasks. This provided me withettdy linguistic understanding of

research in paleoceanography, although not théyatalcarry out research in this area.

In addition to these laboratory visits, | had plegicontiguity with paleoceanographic
research in other occasions. During several indgrsiexperts showed me samples they
were working on, fossils they were looking at unttex microscope, and graphs they
were plotting and interpreting. These occasionsnpted further questions about these
practices. They provided me with an opportunity fegtter understanding these

activities and for acquiring a wider vocabularythe paleoceanography language.

During the occasions when | had physical contiguiiyh paleoceanographic practices |
waited until I left the laboratory or the office wiy informants to write fieldnotes in my
notebook. It was more valuable to focus my attentbm what my informants were
telling me than to take notes as my main goal wes dcquisition of interactional
expertise in the language of paleoceanographyeiiisty was particularly valuable at
these occasions. As Forsey (2010) pointed outpadfih there seems to be a hierarchy in

the qualitative methods literature that places tsaghthe most important sense at the
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field, all senses are equally important to reseanghListening is particularly important
when it comes to grasping the meaning attributeactmns, events, and phenomena by
particular social groups, which was the case irresgarch.

The fieldnotes were written by using a saliencednahy strategy (Wolfinger 2002).
This means that rather than seeking to write cohgreive notes about ‘everything’
that went on during these laboratory visits, | wrabout events that stood out, such as
new information about how to produce paleoceanducagnowledge, for example,
information about instruments that | had not hedrdut before or information about the
strengths or weaknesses of that particular laboratdhen compared to laboratories

based at other universities.

Participatory Observation: Scientific Meetings anda Summer School

In addition to interviews and laboratory visits lach further immersion in
paleoceanography by attending scientific meetingd a summer school, which
provided me with opportunities for an intense liiggie socialisation. In 2011 | attended
three research seminars at Cardiff University amdrdgerence at the Royal Society, in
London, whose topic were paleoceanography. In agliin 2011 | attended a summer
school in paleoclimatology, in Urbino, Italy, whitdsted three weeks. | was lectured on
the whole range of paleoceanographic topics, imegudhe history of the Earth,
different paleoceanographic techniques, paleo-niiadeletc. A conference was also
held in the second week of the Summer School, athwkome of the lecturers
presented their most recent research. In Urbaded spent a great deal of time with the
other participants in the summer school and becaifnend of some of them. Most of
them were PhD students in paleoceanography. Tlowed me to ask further questions

about this research area in an informal manner.

The benefits of attending these meetings involveepéning my understanding of the
vocabulary used by palaoceanographers, which essiit my being able to follow a

conversation between experts and have at leasggitture’ understanding of what
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they were talking about. | also learned ‘who is Wand ‘what is what’ in this field.

Some researchers’ work, some data sets, and someomlena, were repeatedly
mentioned during the lectures in Urbino, during dosferences and seminars | have
attended, and by students in informal conversatibtigerefore acquired a sense of what
the most relevant topics and the most prominerdaresers in this field are; this is an

essential part of the interactional expertise tihag¢s a field together.

During the time | spent in Urbino, | and the otparticipants went on a fieldtrip to the
Apennines, where we visited some rock sections tbatain information about the
climate from millions of years ago. During the twe were lectured about these rocks
by experts who explained what information was coeid in them. Afterwards, the
participants were divided into groups of around geople and each group went to
different rock sections to make basic field loggingeasurements, and classification of
the rocks. | went with one of the groups to a reektion made up of sediments from

over 90 million years ago and took part in the vehmlocess.

The day after the fieldtrip we were lectured on hiownterpret the measurements we
had made. Subsequently each group had to intetpeatata collected and present it to
the lecturers and to the other participants. | mrydgroup spent half the morning and
half the afternoon trying to make sense of the datahad collected and preparing a

PowerPoint presentation with our results.

My input in this process was little as | had novwas training in collecting and
interpreting paleoceanographic data. On the figddtdid not get involved until | had a
clear sense of what we had to do. After observiregdther members of the group for
some minutes | contributed with measuring and llegghe rock section. During the
interpretation of the data, however, | spent mdsthe time trying to make sense of
what the group was doing. | did not have any sigaift input in this activity. However,
this was enough to give me a general sense of whatgoing on. Later on, when |
returned to Cardiff, | attempted to go through shene steps that the group did when we
interpreted the data we collected in the field. dnaged to do it after a few hours. |
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would not describe this experience as having pexvithe with contributory expertise in
paleoceanography, not even in some very narronopaéographic research practices.
A single field experience and a single data inetgiron however do not cover the
whole range of experiences that a paleoceanograjes through in research. | would
be able to repeat exactly what we did then, big é&xperience did not enable me to
make any informed judgement on how to log and nmmeasock sections and
subsequently interpret the data collected in atwagon slightly different from that one.
This fieldwork situation provided me with a goodpoptunity to acquire a better
linguistic understanding of what paleoceanograpkersvhen they go to the field and

what they do with the data afterwards.

During the Urbino Summer School | kept a diary vehevery day, after the lectures or
field activities, | wrote fieldnotes. Similarly tthe notes written after the laboratory
visits, | used a salience hierarchy strategy tecelhat | would write about. The diary

was continually typed into the same word file.

Once | finished my fieldwork, hie fieldnotes were considerably shorter than my
interview material, therefore there was no needoie them to make them more easily
retrievable. At the time of the writing of partianl drafts of this work, whenever |
wanted to refer to a particular fieldwork situatioreturned to the fieldnotes to be able
to provide a more accurate description of relevaments and phenomena that |

observed.

Participatory Observation in Retrospect

The observational research strongly contributethéomain goal of my fieldwork, i.e.
the acquisition of interactional expertise in paksnography. The laboratory visits
helped me better understand the production of det@reas the conferences and the
summer schools provided me with a general undeatstgrof ‘who is who’ and ‘what is

what' in this field.
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Undoubtedly, the most important of these activitiess the attendance at the Urbino
Summer School. This course raised considerably mtgractional expertise in
paleoceanography as | was lectured for three weekte most relevant topics of this
field by some of its most renowned experts. Aftendgamy capacity to transcribe
interviews and deal with paleoceanographic teclniaaguage was significantly
improved. | could also understand better examptesiged by my interviewees during
the interviews. | would not claim however to havecme a full-blown special
interactional expert in paleoceanography. A singdar of immersion in this research
area is not enough for this. | acquired a very gooderstanding of certain topics
whereas a much shallower understanding of othdrsoAferences and lectures | would
oscillate between understanding nearly everythihgt twas being presented and
understanding very little, depending on the topid an the level of technical language
used by the presenters. For instance, | would lysnat be able to follow lectures that
involved the representation of geochemical phena@nmnusing complicated chemical

equations.

| acquired enough interactional expertise to cattythe sociological analysis presented
in the present work. If | had had more time andding to have an even deeper
immersion in paleoceanography, | would have readhigter levels of interactional
expertise. This would have made my work reach deépers of the language of
paleoceanography and would have enabled me to byitight more detailed analysis
of the production of knowledge and communicatiomhis field. This however remains

as further research to be done in the future.

Research Ethics

Ryen (2004) has pointed out that there is no iatéwnally agreed code of ethics for
qualitative research, but there are some issudsatieafrequently brought up when
research ethics is debated: codes and consenidentidlity, and trust. | collected my

data looking to meet these standards although adkdging that they cannot always
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be met because of particular contexts in whichitpiale research is carried out (Ryen
2004; Warren 2002). With regards to codes and eansehich consists of obtaining
informed consent from the research subjects, Inméal my interviewees about the
goals of my research on the email requesting asnvigiw. During the interviews |
requested permission for recording and for usirggrdtorded information in scientific
publications. Furthermore, when attending sciemtifineetings to do participatory
observation | always identified myself as a so@ab of science and was open about

my goals there.

Regarding confidentiality, it was agreed with mienviewees that all quotations would
be unattributed. As Collins has pointed out in dign code of practicéy sometimes

members of a domain can identify the author ofipaldr quotations because of their
content or style. To minimise this problem, | haa@metimes used more than one
pseudonym for the same scientist in cases whenateeguoted in different parts of the
thesis and one quote might lead other scientistantoediately identify them. An

example of this is chapter five, where | quote iists describing their specialisation

within paleoceanography.

Trust in the context of qualitative research meastablishing a good rapport with the
community under study so that situations that mgetent future researchers to have
access to the community are not created. | havereqzed no issues related to lack of
trust, such as requests from any participant teehthe information provided by them

withdrawn from this research. Arguably the ethipedcedures listed above are one of

the reasons for this.

Ryen (2004) pointed out that trust also relatebdw data are presented in papers of
research reports. In this regard | was very careft to misrepresent what my
interviewees told me. This does not mean that thal always agree with my

sociological analysis, but that every effort wasdmdor the data to be accurately

transcribed - whenever difficulties emerged in $@ibing | requested help from native

2 http://www.cardiff.ac.uk/socsi/contactsandpeopercollins/code-of-practise.html.
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speakers - and presented within its original cantéhenever | was not sure about
what an interviewee meant in a particular quotatibave email him/her and asked for

clarification.

Furthermore, the present work does not deal withtemally loaded topics or with any

socially or politically sensitive issue so thatringere no major ethical concerns related
to its conduction. Although the reality of globahmning is disputed by some groups of
scientists, my research is not directly relateddotroversial aspects of climate-change

science and of climate policy.

Chapter Summary

In this chapter | have described the methods deploy my fieldwork. My data
collection was divided into two stages. Firstly, sbught to acquire a general
understanding of what climate-change science iddigg preliminary interviews with
experts from a range of scientific fields and byngao a summer school that covered a
wide number of aspects of climate-change sciendterwards, having noticed that
climate-change science was too big to be examiseal\ahole | decided to focus on a
single field of investigation: paleoceanography. Mymersion in paleoceanography
consisted of a number of activities, including mtews, laboratory visits, participation
in scientific meetings, and the attendance of a mamschool. By having this
immersion | was deeply exposed to the languageatdogseanography and to a more

limited extent to the practices of paleoceanography

At the end of my fieldwork | did not consider myfsalfull-blown special interactional
expert in paleoceanography. This would take someenyears to be accomplished.
However, | acquired enough interactional experttsanalyse this field sociologically
and understand how knowledge in this area of seiemproduced and communicated.
Deeper immersion would certainly provide furtheformation that could deepen my
sociological understanding of the production of Wlemige in paleoceanography.

However, this remains as further research to beechout in the future.
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Chapter 3 — Climate-Change Science, the Fractal Mad, and

Homogenisation Mechanisms

This chapter is a literature review of STS studirsclimate-change science and it has
two main objectives. Firstly, 1 work out how clineathange science can be described
by using the fractal model. To do so, | will subde climate-change science into
subareas. | will also locate paleoceanography withie fractal model. This is an
essential step for the present work as communitddeiween paleoceanographers and
other climate-change scientists will be examinethenfollowing chapters in the light of
the fractal model. This description is partly basedthe first stage of my fieldwork, in
which | sought to acquire a general sense of wi@ate-change science is and partly
on the structure of the IPCC reports. As | argumbethe IPCC to a large extent
frames research into climate change. Each of ip@rte explicitly points out key
uncertainties in climate-change research and atessneed further research. These
become priority and several groups of scientistsl t® focus their research on them.
The IPCC also implicitly defines what is more reavin climate-change research by
focusing on certain areas of science, certain per@ds, and certain types of scientific
approach. Even though the IPCC does not reprelseriull diversity of climate-change

science, it can be used as an entry point to tbi@lsarganisation of this field.

Secondly, I examine two mechanisms of homogenisabioclimate-change science:
translation (Callon 1986; Latour 1987) and standaittn (Latour 1987; Jasanoff and
Wynne 1998; Lampland and Star 2009; Edwards 20EXamine these mechanisms of
homogenisation and identify their analytical sttéysgand weaknesses. | also argue that
although they are relevant for understanding hovowkedge is produced and
communicated in climate-change science, they havéet associated with bridge-
building mechanisms as climate-change science lmsbacome a homogeneous

transdisciplinary field of research.

These mechanisms are examined at a very high lfiaet, the entire climate-change

science (see figure 7). Halfway through this chgpiece a more detailed description of



79

climate-change science has been made, | will erfigcine 7 with subareas of this field

of investigation.

Westemn Science

Climate-Change Science

Figure 7: Western science and climate-change seienc

Before | move to the first section of this chagerimportant point has to be made. A
large number of papers have been published on dhgraduction — or the mutual

construction - of climate-change science and cknatlicy (e.g. Shackley and Wynne
1995a, 1996; Jasanoff and Wynne 1998; Shacklely #888; van der Sluijs et al. 1998;
Shackley et al. 1999; Demeritt 2001; Moore 201tlhals been widely documented that
policy-makers’ expectations regarding the typemfarmation scientists should provide
them with and scientists’ tacit assumptions abduaitvpolicy-makers expect from them
have framed climate policy as well as research iclimate change. Although |

acknowledge that interactions between scientistk @olicy-makers are an important

research topic, | will not examine them here iradets they lie beyond the scope of the
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present work. | therefore only use this literataselong as it provides me with clues

about how scientists interact among themselves.

This chapter begins with an introduction to the @®C

The IPCC

Public and governmental concern about global wagneimerged in the late 1980s and
spread across the globe (Ungar 1992; Weart 2008p £esponse to these concerns in
1988 the United Nations Environmental Programme EBN and the World
Meteorological Organisation (WMO) founded the IPClhe IPCC aims to provide
policy-makers with assessments of the current sthtee climate system, predictions
about future global warming, predictions of the eoted impacts of warmer
temperatures, and strategies to respond effectivdlye threat of major climate change.

In its most recent report the IPCC describes its as follows:

The IPCC does not conduct new research. Instemdnandate is to make policy-relevant — as
opposed to policy-prescriptive — assessments of ekisting worldwide literature on the
scientific, technical and socio-economic aspectsliofate change. Its earlier assessment reports
helped to inspire governments to adopt and implentbe United Nations Framework
Convention on Climate Change and the Kyoto Prototbé current report will also be highly
relevant as Governments consider their optionsnfioving forward together to address the
challenge of climate change (IPCC 2007a, p. V).

Approximately every six years the IPCC releasesapnsynthesis report reviewing the
scientific literature on climate change. The IPGCurrently divided into three working

groups, which are in charge of assessing the fiteran different topicé:

4 The IPCC working groups have had this format stheepreparation of the 2001 report. The 1990 and
1995 reports had slightly different subdivisions.Hdoth reports working group | focused on the basic
mechanisms of climate change. In the 1990 reporkiwg group Il was entitled Impacts assessment of
climate change and working group Il was entitlekheTIPCC response strategies. In the 1995 report,
working group Il was called Impacts, adaptationd amitigation of climate change: scientific-techrica
analyses and working group Il was called Econoamd social dimensions of climate change.
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* Working group I: The physical science basis
* Working group lI: Impacts, adaptation, and vulndigb

* Working group llI: Mitigation of climate change

The first group looks at the mechanisms of clinctenge, how climate has changed in
the past, what the current state of the climatéesyss, and how it will change in the
near and mid-term future. Working group Il examinles impacts of climate change,
the populations that are more vulnerable to theggacts, and strategies to adapt to a
world changed by hotter temperatures. Working grdugxamines how to mitigate
climate change or, in other words, how to prevesrmgeratures from growing

dramatically in the future.

The IPCC reports are written by a large numberuthars, who work on a voluntary
basi€®. In general each chapter has between one aneddrauithors. The lead authors
are formally appointed by national governments, thete is a core group of scientists
and policy-makers who greatly influence these deess (Shackley 1997, p. 77).
According to the IPCC, each chapter should inclielgd authors representing a
diversity of perspectives, expertises, geographacehs, and gender. The lead authors
may invite other experts as contributing authorbetp them write the report. The idea
is that all the key experts in a given field ofeswe should participate in the drafting of
the reports. The chapters are written after a nurobenformal meetings which are
coordinated by the lead authors. Once a first dgakady, it is sent for review. Experts
not included in preparing the drafts and governsmestiew them, and a final version of
the report is agreed in a session of the workimygf. A summary for policy-makers
is also prepared and published alongside the teahreports. Those are prepared by
experts, but have to be approved, line by linesassions including lead authors and

government represe ntatives.

% Further details about the IPCC process can bedfam http://www.ipcc.ch/pdf/ipcc-principles/ipcc-
principles-appendix-a-final.pdf.

“°An interesting case study on how IPCC scientisteeto conclusions on their reports’ content can be
found on the paper by O'Reilly et al. (2012) on htive consensus on sea level rise due to the
disintegration of the West Antarctic Ice Sheet thevailed in the third IPCC report collapsed oa th
writing of the fourth report.
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The IPCC'’s Influence

To a large extent, the IPCC has built up a conseaswong governments and policy-
makers around climate change and its risks (O'Riorahd Jager 1996; Weart 2003;
Miller 2004). Since its first report, which was eaked in 1990, the IPCC has stated
with increasing levels of confidence that the ageralobal temperature has been
growing since the Industrial Revolution and thateaist part of this warming is due to
human activities. This has given momentum to pefi@king, with most governments
signing the Kyoto Protocol in 1997, a major agreemseeking to reduce carbon
dioxide emissions (Weart 2003; Miller 2004). Itsimgoal was that developed nations
should reduce by 2012 their CO2 emissions to levelew those of 1990,

Because climate-change science became stronglytwitied with policy-making
(Shackley and Wynne 1995a, 1996; Jasanoff and W{98&; Shackley et al. 1998;
van der Sluijs et al. 1998; Shackley et al. 1998meritt 2001; Moore 2011), the IPCC,
which plays a role mediating between science aridypmaking (van der Sluijs et al.
1998, p. 293), has been also framing scientifieaesh on climate change at least when
it comes to research fundffgThis has been reported in the STS literatureci8bg et
al. (1999, pp. 431-436), for instance, in a stutlglomate modelling (see pages 87-90
for a description of climate modelling) providedidance of the IPCC framing the
research of certain groups of modellers. The astlpointed out that there were two
ideal-types of climate modellers (1999, pp. 431)4B&stly, those they called ‘purists’.
These modellers were focused on developing andovimy state-of-the-art models.
They were not very interested in policy-making &ailons of climate models as they

27 Although most countries signed this agreement,USe the greatest emitter of carbon dioxide per
capita in the world, failed to ratify it, at leagsartly due to the influence of climate scepticstheir
policymaking processes (McCright and Dunlap 20@D3 Jacques et al. 2008).

%8 This is not to say that there are no criticismth®IPCC. It was criticised for several reasomsviding:
the tacit hierarchy of sciences that underpinseiforts gives much less importance to the sociahses
than to natural sciences (Demeritt 2001; Yearle@2MHulme and Mahony 2010); the privilege that
economics has had over other social sciences wiitleitPCC frameworkShackley 1997; Yearley 2009;
Hulme and Mahony 2010jmost IPCC authors and reviewers come from deeglamuntries, which has
led to criticisms related to the underrepresematb third world perspectives in its repo(Bemeritt
2001; Hulme and Mahony 2010); after the glaciergstandal gee Grundmann 2013 for a brief
description of this scandal and Pearce 2010, pp-2D® for a journalistic account of it) the IPCCsha
been criticised for not being rigorous enough stogzrevent errors to be included in its reports. this
reason a number of reforms were proposed by menabehe scientific community (Hulme et al. 2010);
finally, the IPCC has been accused by the so-caltegtics of being an ideological institution thas an
agenda focused on controlling carbon dioxide emiss{e.g. Idso and Singer 2009, p. iv). Howeveneno
of these criticisms have had a large impact ancifsigntly reduced its credibility and influence.
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believed it was premature to make policy based adeis that needed to be more
robust. They also applied their models to studyaage of other phenomena. The
‘pragmatists’, on the other hand, had researchsgclakely linked to those of policy-

makers. These modellers were particularly intecesteresearching past and future
climate change with a view to assessing the exteahthropogenic climate change that
could be useful for policy-making. According to Skiey et al. (1999, p. 435) their link

to policy-making was mediated by scientific indibms and funding agencies,

particularly by the IPCC, which defined the pries for future research.

More evidence of the IPCC’s influence in climatexebe science can be found in
Sundberg’s (2007) research into meteorologists wedgn. She pointed out that
meteorologists were aware of what the IPCC regardedthe main gaps and
uncertainties in climate-change science, partibuldrose related to climate models
(e.g. the effects of aerosols and of clouds onctimeate). These scientists argued that
they felt it was necessary to connect their researterests to the IPCC priorities to
obtain funding for research. As a result, in a namiif grant applications they argued
that their research would produce data that wowelg laddress the uncertainties and
gaps in climate modelling. Even though Sundber@T2@ointed out that in several
cases the data produced by these experimentakseswot useful for climate modellers
because they were not collected in the appropmag, this study still shows the
influence of the IPCC on funding bodies and, assailt, in directing scientific research

towards certain topics.

In addition to research in STS, there is also ewdein the scientific literature of the
influence exerted by the IPCC in framing reseamsttlanate change. One example of
this can be found in the introduction to an issagaleoclimate and the IPCC published
in the Journal of Quaternary Sciencghere the editors pointed out that the IPCC had
been setting the scientific agenda and influenavigat paleoclimatologists were
researching (Caseldine et al. 2010, pp. 3-4). Tfleence was felt through funding
agencies, which, across the globe, had been enspigaghe need for paleoclimate
research to be linked to the issue of climate cbapgrticularly to the priorities set by
the IPCC:
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The NSF [the US National Science Foundation] swaliiwin, for instance, quite closely follows
AR4 [the fourth IPCC assessment report], with aplessis on reducing uncertainties, and the
development of paleo datasets as analogous towatieeral data for model validation, although
at times it is not that clear what is being rege@¢Casedine et al. 2010, p. 3).

Climate-Change Science and the Fractal Model

Having described the IPCC and its influence in aleachange science | will now use
the fractal model to represent this field of invgstion. To do so, | will break it down
into subareas. Climate-change science can be sdedivn several different ways. |
will divide it into subareas which are similar toetIPCC working groups. As pointed
out above, the IPCC to a large extent frames cérechinge science by defining what
the priorities for research are. It is also the maluential scientific body that reviews
and summarises the literature on climate change.thi® reason, it is reasonable to
expect that its internal structure is similar te structure of climate-change science.
Furthermore, the preliminary stage of my fieldwonk, which | acquired a general
understanding of what climate-change science isfirmoed that this really is the case.
There is also evidence in the literature that tinectures of the IPCC and of climate-
change science are similar. Although this point has been explicitly made in the
literature, there are studies that describe tHergifit subareas of climate-change science
and the flow of information between them in a whgttclosely resembles how the
IPCC reports are structured (Shackley and Wynn&li.98hackley et al. 1998).

As mentioned above, the IPCC working groups araddd/ in the following way:
Working group I: The physical science basis; wogkgroup Il: Impacts, adaptation,
and vulnerability; and working group IlI: Mitigatoof climate change. The names of
the groups and their divisions however are notyfalicurate sociological descriptions
of the subdivisions of climate-change science.tlyirthe name physical science basis
does not do justice to all the different fields sufience that make up basic climate

science. The IPCC was founded mainly by atmosphscientists and its focus,
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especially in its first reports, was primarily dmetphysics of the atmosph&teSince
then, however, it has grown and in subsequent teploas increasingly included
researchers from other fields. Furthermore, althaihg theory of anthropogenic global
warming is based on atmospheric physics, withowtetstanding the whole climate
system and the wide range of responses and feeslbaldhg place in all its subsystems
it is not possible to make sense of climate chaRgethis reason, it is more accurate to
talk about the study of causes and process of wimbhange to define this field of
investigation. It is also important to separate gshaly of the impacts of climate change
from research into adaptation to these impactshodigh several scientists involved
with the study of impacts also work on adaptatioot everyone working on one of
these works on the other. Climate-change scienceéheaefore be divided into four big
research areas: causes and processes of climatgegchanpacts of climate change;

adaptation to climate change; and mitigation ahelie change.

In figure 8 | use the fractal model to portray di@-change science, its four big
research areas, and their subdivisions. This @cwitl inform the remainder of the
present work when | discuss the issue of commubit&tetween expert communities. |
will now describe each of these research areasrdafoving to the analysis of

mechanisms of homogenisation of forms of life.

Causes and Processes of Climate Change

This area of research comprises a wide range lofigf science that seek to understand

the causes and process that drive climate chargeveAhave seen above, the climate

system is composed of five subsystems: the atmosptie oceans, the land surfaces,

the biosphere, and the cryosphere. Scientistsawtinge of different backgrounds seek

to understand the climatic processes taking placehese subsystems and their

interactions in a range of different time scaldse $tudy of the causes and processes of
climate change therefore includes scientists wittpedise in fields such as

meteorology, atmospheric physics, climatology, oog@aphy, biology, geology,

%9 This information was provided by Sir John Houghttte former chairman of the IPCC’s working
group | in an interview carried out in 27/09/2010.
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hydrology, computer modelling, paleoclimatology¢.etand several interdisciplinary

combinations of these disciplines.

Western Science

Impacts

Research into modem climate
Paleoclimatology

Climate Modelling

Figure 8: Climate-change science and its subare@search.

The study of causes and processes of climate chagbe subdivided into three main
fields: paleoclimatology; research into modern dliey and climate modelliiy Each

of them has different focuses, expertises, anduages.

%0 Edwards (2001, 2010) pointed out that the bouedabietween modelling and data production are
‘blurred’. Large-scale climate models, on the oaed) include basic equations describing the physfics

the atmosphere as well as ‘semi-empirical’ pararset®ata, on the other hand, frequently has to be
modelled before becoming useful for understanditapa phenomena. For example, sometimes the
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Paleoclimatology consists of the study of climagfobe the 18 century, when the first

consistent direct measurement of climatic phenomesgan to be taken. (A more
detailed description of this area of research gllprovided in the following chapters.)
Paleoclimatologists seek to reconstruct a numberclmhatic variables, including

temperature, the concentration of carbon dioxide¢hm atmosphere, ocean currents,
ocean acidity, orbital forcing, biogeochemical @gl(such as the carbon cycle), the
hydrological cycles, and so forth. To do so, theg a number of indirect means called
proxies, such as data extracted from ice coreg tiggs, marine sediments, lake
sediments, speleothems, corals, outcrops, poltenTe extract climatic data from these
archives they deploy a range of techniques, inolydgeochemical measurements,

assemblage counts of fossils, and so on.

Research into modern climamonsists of empirical scientific endeavours aimtng
record present and near past climatic data fronthallsubsystems that make up the
climate system and to identify major modern climgthenomena and processes. It
includes all efforts to deal with data collectechcsi the mid-19 century, when
consistent direct measures began to be taken. $bthe specialties involved with this
type of research are atmospheric physics, oceaplograbiology, glaciology, and
various combinations between those disciplinesa@a¢ collected across the globe on
all kinds of environments using a wide range otrinments and methods, including

satellites, weather balloons, buoys, rockets, nreasent towers, among many others.

The last sub-area dimate modellingWhereas the two subareas described above are
composed of scientists with an inclination to dgo@moal research, climate modellers’
work is more distant from the empirical world. Theyodel past, present and future
climate change to understand better climatic psE®snd to predict future climate

change.

coverage of empirical measurements is not as véde@uired by models so that interpolation modeds a
deployed to Aill in the gaps’ in data sets. Anatlexample is satellite data, which is collected ldwide,

but has to go through statistical modelling so ass¢parate authentic signals from noise. From a
sociological point of view, however, the modelliogmmunity is still distinct from the other two subas

in that people carrying out modelling have a défarexpertise from those collecting and compiliatad
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Climate modelling is done on computers. Models hdifferent levels of complexity,

which are usually called by modellers hierarchyspectrum of models (e.g. Shackley
and Wynne 1995b; Shackley et al. 1998, pp. 163-E@®%ards 2001, p. 37): they range
from very simple zero-dimensional models to extrigmmmplex general circulation

models (GCMs). One example of simple models are-danensional energy balance
models, which treat the Earth as a point mass emthased on the principle that all the
energy that enters into the system has to leaewahtually (Edwards 2001, p. 37).
They usually have a fairly simple setup and sineuthe interactions between a small
number of variables: “Using measured values fohsiactors as solar radiation and
concentrations of the atmosphere’s constituent gyadey compute (for example) a
single global average temperature [...]” (Edwards12G0 37). Energy balance models
can be more complex and be either one- or two-déioeal, involving, as a result,

more equations in their setup.

Although there are other types of climate modelGMS, as | will point out below, are
widely regarded as the most important tools to ¢priogether climatic data and to
simulate the whole climate system. They have beeatelyw described in the STS
literature (e.g. Shackley et al. 1998; Edwards 20@hsen 2005; Sundberg 2006). The
most modern GCMs model the Earth system in powedaiputers. They divide it into
three-dimensional grids in which physical interac among its various components
are simulated mathematically Physical interactions in the atmosphere, for edam
are represented as follows:

Equations of state compute the effect of variowsds (radiation, convective heating, and so on)
on the air masses and moisture (clouds and wapuwa within each grid box. Equations of
motion compute the direction and speed of the amsement into the surrounding grid boxes
(Edwards 2001, p. 37).

31 GCM s resolution has evolved over time. The sidab®grids of those whose output were used by the
IPCC in the 1990’s report, for example, were laages00 kilometres. In the 2007’s report the griides
had been reduced to approximately 110 kilometfe€Q 2007, p. 113).
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The atmosphere and oceans usually are fully siedlat different models and then
coupled (Lahsen 2005, p. 903). The other subsysteegetation, the cryosphere, and
land surface processes), in contrast, are not faflyesented and more or less simplified
versions of them are included in these models (8bpet al. 1998; Edwards 2001;
Lahsen 2005f. Not all components of the climate system canepeesented by model
equations. Some phenomena take place in scalekesthain the grids. These processes
are parameterised, which means that their physiasot fully represented (Edwards
2001, pp. 56-57; Lahsen 2005, p. 900; Sundberg,300%77). Examples of phenomena
that are parameterised are clouds and aerosolsarddw2001, p. 56) described the

parameterisation of cloud formation as follows:

For example, rather than represent cloud formatiotterms of convection columns, cloud
condensation nuclei, and other direct causes, a G@idally calculates the amount of cloud
cover within a grid box as some function of tempe and humidity. This approach embodies
what is known as thelosure assumptionThis is the postulate that small-scale procesaes
ultimately be represented accuratéty terms of the large-scale variables available tte
models

Modellers generate parameterisations by reviewirgy rheteorological literature and

observational data to work out how small-scale psses are linked to large-scale
variables (Edwards 2001, p. 57). Parameters gestenatthis way are called physically

based parameters. However, modellers frequentlpaldind these relations between
phenomena in different scales. They then devaldbgocschemes to represent these
parameters: “For example, one method of cloud petamnsation represents all the
cumulus clouds in a given region as a single ‘baleud” (Edwards 2001, p. 57). There
is another type of parameterisation that consiktsbeerved patterns whose physics is
not understood, but which have been described mettieally (Edwards 2001, p. 57).

%2 Although | am not going into details on GCMs ameit users, this is not a totally homogeneous
community. Shackley (2001), for instance, pointad that there are different ‘epistemic lifestyles’
among general circulation modelers. Some group (i calls purists) are more focused on model
development whereas others (who he calls pragrsptise more interested in the application of clamat
models to address specific research questionseTdrer also differences between groups that pderiti
thermodynamics and others whose models concemnadgnamics. Similarly, Lahsen (2005) pointed out
that there is a social division of labor within t8€M community. In the 90s, when she carried out he
study, there were usually three groups involvedh e development of a GCM: one would develop the
atmosphere model; a second one would develop datipuof the oceans; and, finally, a third one ‘dou
couple the two systems.
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GCMs are used for a number of different purpose®w @f the most popular under the
IPCC umbrella is estimating the so-called climagms#tivity, i.e. how the climate
system will react to a doubling in the concentmatod carbon dioxide in the atmosphere
(van der Sluijs et al. 1998, p. 291-293). They @s® used, for example, to generate
climate scenarios for the future under a numbedifdéérent assumptions and to carry
out ‘experiments’ to assess the influence of d#ferforcings in the climate system
(IPCC, 2007a).

Impacts, Adaptation, and Mitigation of Climate Change

Global warming is expected to bring about impactgtee environment and on human
societies. Scientists research a wide range ofcdtspacluding, for example, the rise of
sea levels, extreme weather (e.g. storms, hurrscameat waves, droughts, etc.), the
melting of glaciers and ice sheets, changes intaéiga cover, the spread of tropical
diseases, increases in poverty, water shortagespfdiodiversity, and so on. A variety
of experts is involved with this area of researtith as impact modellers, agronomists,

biologists, medical scientists, social scientistynomists, and so on.

The study of impacts is closely related to reseantbh adaptation techniques and
adaptation strategies to the impacts of climatengbaDuring the first stage of my
fieldwork, in which | interviewed scientists fromeweral areas of climate-change
science, | met some scientists involved with bathd$ of research. Adaptation studies
are also very diverse due to the large number gfacts that global warming is
expected to bring about. For example, it includes éxpertise of engineers for the
planning and construction of coastal protectionchsas levees and floodgates, to
prevent sea level rise inundating inhabited argadso includes agronomists seeking to
develop irrigation and crop diversification techug to deal with extreme weather.
Social scientists have also been involved with #nesa of research. Demographers, for
instance, look at migration as a mean of adaptatioaddition there is a wide range of
interdisciplinary studies, combining social scistgiand natural scientists, that seek to
develop various techniques of adaptation, such iaargification of livelihood that

could help vulnerable populations adapt to econamimpacts of a changing
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environment. Finally, economic modelling is usecestimate the costs and benefits of

different adaptation techniques.

The final area of research that makes up climagagé science is mitigation of climate
change. There are several proposed ways of doiag $ome of them (IPCC 2007b)
are: the deployment of low-carbon energy (e.g. wonchuclear power, biofuels, etc);
improvements in energy efficiency (e.g. fuel effiti vehicles, improved processes in
the industry, etc); reductions in deforestationesatand reforestation; sustainable
building (e.g. improved insulation and lighting)mprovements in agricultural

techniques (e.g. recovery of impoverished soilspagament of livestock and manure
to reduce methane emissions, etc); waste managemenengineering (e.g. oceans
fertilisation, carbon sequestration, etc); and dgeanin lifestyles. In addition to the
development of specific techniques of mitigation,ig@portant component of this area
of research is cost-benefit modelling studies gbterg to simulate how much each of
these techniques would cost to implement on eaelagple and to what extent they

would effectively mitigate climate change.

Homogenisation of Climate-Change Science

Having described the main areas of research inatéirohange science and represented
it by using the fractal model, | will now examineet mechanisms of homogenisation
and their effects on climate-change science. Thae two main mechanisms of
homogenisation: translation (Callon 1986; LatouB7Z)@and standardisation (Latour
1987; Jasanoff and Wynne 1998; Lampland and S@®;Zdwards 2010).

Homogenisation Mechanisms: Translation

The concept of translation (Callon 1986; Latour A)9&as developed within actor-
network theory (ANT). In the context of the probleoh communication between
different expert communities it is a useful notiftox understanding how groups of

scientists with heterogeneous interests begin nve@e on their goals. In other words,
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it is related to interest heterogeneity, which mighevent experts communities from

communicating and collaborating due to diverginglgde.g. Sundberg 2006, 2007).

According to actor network theory (Callon 1986; La®86; Latour 1987, 1991, 2005),
scientists are part of sociotechnical networks aoseg of their peers as well as of a
range of other actants involved in the productiod atabilisation of scientific facts,
such as technicians, funding agencies, policy-nsletc. Non-humans are also part of
these networks, including other living things afjlects. This is a central point in ANT,
the idea of hyper-symmetry, i.e. that an equal logioal status should be attributed to
humans and non-humans. Within this framework ageascwttributed to all things

including animals, objects, and phenomena.

According to ANT proponents, scientists, when depilg theories, instruments, etc.,
seek to build up as many alliances as possibley other words, to mobilise actants in
support of their research programmes. By doingtlsey acquire a more dominant
position in the developing network. A crucial paftthis process is what ANT calls
translation, which consists of a group of scieatigr any other group of actants)
making the interests of other members of the ndtwoonverge with theirs. A

successful process of translation may result iciensist or a group of scientists making
their work, techniques, instruments, methods, @tohligatory passage poirds other

members of the network come to believe that toeaghtheir own goals they need to

use these techniques, instruments, methods, etc.

In climate-change science the most important pooédranslation was carried out by
climate modellers. Climate models, particularly G§&Mave acquired a central role in
climate-change science (Jasanoff and Wynne 1998ckiy et al. 1998; Demeritt
2001; Edwards 2010). They are the main tool usebritog together data collected

across the several subsystems and regions thaiosentpe climate system:
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For climate change research, common approacheteastoped across disciplinary boundaries,
taking as the object of study the atmosphere, Bppere, stratosphere, cryosphere (ice),
biosphere, geosphere, lithosphere, and hydrosptdher approaches focus on various marine
and terrestrial ecosystems and land use. Data thhese systems are assembled into a variety of
computer simulation models, with general circulatinodels (GCMs) at the top of the hierarchy
of complexity (Jasanoff and Wynne 1998, p. 49).

GCMs do not only assemble data. They also prodlatsbsimulations which are used
by other scientists, particularly those studying itmpacts of global warming (Shackley
and Wynne 1995b; Shackley et al. 1998). This pbh&mt in a central position in

climate-change science, in that they bring emdideda together and mediate the flow

of information from observational scientists to ewfs experts.

Although it has become commonsensical in climatege science that no experiments
can be made on planetary level and consequentlypeten models are essential for
studying climate change, a STS researcher haktb@as GCMs became so central in
this field for two reasons. Firstly, STS resear@s lshown that nature itself cannot
impose particular research approaches on researthearley 1990). There are always
a range of approaches with which phenomena can clamtiically investigated.

Furthermore, all research methods and techniques &@engths and weaknesses. If

compared, for example, to other climate models, GCNave advantages and
disadvantages:

It is simply our objective to point out that the@CMs] score well with respect to certain

criteria, but not to others. For example, if thealgis defined as providing long-term climate
predictions which are based on current scientifexcpption of the physical mechanisms
involved, then GCMs are certainly a strong candid8ut while GCMs are, therefore, capable
of exploring some key features of climate changeluding variable time horizons and,

potentially, regional scales and variability, theg much less suitable for integrating with other
physical and socioeconomic models, or for perfogmimcertainty analysis and associated
stochastic prediction. Moreover, they are resoumtensive and rather intractable. There is a
widespread experience with them although, as wee hdigcussed, confirmation of their

reliability, especially for the purpose of makingojections, remains a difficult issue. Finally,

they are not very accessible or transparent arab&exk from other scientific communities as to
their validity is not readily achieved (Shackleya&t1998, p. 183).

The centrality of GCMs in climate-change science egplained by some STS scholars
by arguing that they have become obligatory poiotspassage (Edwards 2001;
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Sundberg 2007). This means that climate modelleadenthem become indispensable
within the climate-change network. Through a psscef translation they have made
the interests of other groups of scientists corvemigh theirs. Other climate-change
scientists and other actors, such as policy-maker$ funding agencies, began to
believe that climate models are the most importaols to investigate climate change.
As a consequence, their work became inevitablyelinto modelling. Shackley et al.

(1998), although not using the concept of obligamwint of passage, provided the best
description available in the STS literature of GCMsbilising several different actors

involved with climate-change science:

Another way of putting this is that GCMsantra other models or methods) come to act as a sort
of common currenchetween groups of scientists and policy-makerach €onsiders they have
something to gain in intellectual, scientific, fungl and social terms — from being involved in
their development and use — and that this commiynaérves as a way of linking-up such
groups into loose coalitions (Shackley et al. 1998,86).

According to Shackley et al. (1998, p. 186), thestmmnportant sets of relations
between General Circulation Modellers (GCMers) arbdder actors in the climate-
change network are: between GCMers and policy-nsakegtween GCMers and the
climate impacts community; and between GCMers ahérodomains of science that
are also committed to improving climate simulatioi®t us examine how Shackley et

al. described each of these set of relations segata understand them better.

According to Shackley et al. (1998), GCMers ar&dmto scientists from other areas of
the studies of causes and processes of climateggeHagcause they provide them with
opportunities of collaboration related to modellidgvelopment and validation, which
depend on very detailed data from several fieldscancé®. As result, GCMers tended

to have much more extended networks than othemtdiimodellers:

% Oreskes et al. (1994, p. 642) pointed out thanfeo philosophical point of view validation does not

mean that a model can reliably represent naturahpmena: “Model results may or may not be valid,

depending on the quality and quantity of the inparameters and the accuracy of the auxiliary
hypothesis”. Agreement between a model and asttherefore does not mean that the model reliably
represents the reality, but that there is consigtdetween a particular model run and a given skta
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A modeller using a simple model who wants to ineltkde carbon fertilisation feedback or the
effect of aerosols in the model, for example, doesrequire an extended collaboration with
biologists or atmospheric chemists. What is neeateda few ‘best estimates’ from the world’s
experts on these subjects, probably accessibletterpublished literature.

In GCM ‘extension work’, by contrast, ecologistsdahydrologists are needed to model, for
example, the intricacies of the movement of watemf the soil through vegetation to the
boundary layer, to extend micro-level models ofchatents so they can be applied at the
resolution of GCM grid-squares; and so on througimyiad of other possible examples
(Shackley et al. 1998, p. 188).

The other group of scientists who are part of thevork of GCMers use the outputs of
these models, such impact modellers and econorsigtlying the costs of climate
change (Shackley et al. 1998, pp. 190-191). Onenpbka of this are crop modellers:
“the ‘climate impacts community’ explores the etkeof climate change on agriculture
by deriving data from individual grid-points of GGMand feeding it into crop

productivity models” (Shackley et al. 1998, p. 190)

Finally, GCMs have great prestige among policy-msk&hich is reflected in them
receiving generous funding from funding bodies. &ley et al. (1998, p. 192)
provided a number of reasons for this. Firstly, GCade data providers for impact and
economic studies whose research efforts are siyrdimked to climate policy. As a
result, GCMs are of great importance for any knolgkebased policy-making effort.
Secondly, policy-makers tend to prefer GCMs ovenpder models based on the

assumption that their scientific credibility wouidlp build consensus in policy-making:

The argument that scientific credibility (and prefaely certainty) is necessary for the
accomplishment of political consensus appears td powerful sway in many political and

policy cultures and, if GCMs are held out as thestmeliable and robust of climate models, it
follows that they will enjoy an elevated statupaoiicy circles (Shackley et al. 1998, p. 192).

In addition, among climate models, only GCMs cailng promise of being able to
provide future simulations with detailed regionaltal which is central for policy-
makers to develop local climate policies. For treason, GCMs appear to be more
suitable for policy purposes. Finally, Shackleylktalso speculated that the complexity
of GCMs might have contributed to their status agpolicy-maker because it would
protect them against criticism:
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A further possible and implicit advantage for pglimakers of using GCMs may be their sheer
complexity and impenetrability. As such, they caneasily be challenged by critics, whether
environmentalists or industrialists, most of whoamicot possibly comprehend the complexities
of such a large computer model, let alone artieulstdeficiencies.

Summing up, GCMs become obligatory points of passag the climate-change
network because GCM modellers mobilised severé&mdint groups of actors and made
their interests converge with the development oMa@odelling. Empirically-oriented
scientists adopted the role of providing GCMs wathpirical parameters; the impacts
community consumed GCM output; and policy-makersebaheir political negotiations
in GCM data, or data from researchers working opaats, adaptation, and mitigation
of climate change, which depended on GCM outputeriific and policy-making
efforts related to climate change to a large extevilved around these models.

This process of translation is useful to understhad interest heterogeneity can be
dealt with within a field like climate-change saienand how a potentially infinite
myriad of interactions between different groupsaientist are channelled into a social
patteri®. It homogenises the field and create patterns afatoration and of
information flow. However, translation is reallylpil only if we abandon the hyper-
symmetry principle proposed by the ANT. This prpiei prevents us from examining
the different nature of the links established betw&CMs and other social groups. The
connections of GCMers with ‘data suppliers’, ‘GCMsitput consumers’, and policy-
makers are all equated. As Collins (2012) has pdirdut, if from an ontological
viewpoint things are treated as equivalent to hutyangs, there is no sense in talking

about concepts such as expertise, trust, tacit letme, domain’s language, etc. There

% There is a caveat to this idea that needs torbsesgtd. Firstly, GCMs being obligatory points c$gzge
does not mean that necessarily all scientific comitias always work towards satisfying the interasts
the GCM community. There are exceptions to thisndberg (2006; 2007), for example, provided
examples of field-experimentalist meteorologistsdmhin Stockholm pursuing their own interests nathe
than collecting data that could become climate r®daput. These meteorologists, however,
acknowledged that climate models were obligatorgspge points in climate-change science. For this
reason, in their applications for funding they ulsuargued that their data would be useful for deping
better model parameterisation. Their data collectimwever, usually was not carried out in a waat th
would produce data suitable to be fed into GCMsndberg (2006) argued that in this case
parameterisatons played the role of boundary abjestthey kept meteorologists, climate modellerd, a
research councils in the same network without @é@toercion on any of them. Translation, therefore
did not work and empirically oriented scientistd diot become enrolled in the modellers’ networkisTh
however does not invalidate the notion of trangtais Callon (1986) argued that it might be sudakss
or not.
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can be only alliances between different actantghis context, sociological analysis
cannot go to deeper levels and shed light on issugs as how heterogeneous groups of
scientists develop mechanisms to facilitate comeation between them. Only
homogenisation processes can be examined as tHe isboe of heterogeneity of social
groups, in any sense other than interest heterdgenees not make sense from the

ANT viewpoint.

In order to understand how different experts comigaie and collaborate to produce
knowledge on climate change it is essential totilemvhat type of interaction takes
place between the different groups of actors. Is tegard, a number of questions
emerge. For example, Shackley et al. (1998) poirdaatl that GCMers need to
collaborate with hydrologists to develop their migderhey indicate that this is a
collaborative work in which both groups of scietstimctively interact. This leaves
several questions to be addressed, such as: hothede scientists bridge the gaps
between their expertises? How intense are thedaboohtions? If we compare these
links with those between GCMers and impact modelieere are also some differences.
Impact modellers need GCMs output, however, Shgcéteal. (1998) suggested that
impact modellers do not have the expertise to agtifierent GCM runs so as to choose
which is more suitable as a data source for thedets. They therefore have to trust the
judgements of GCMers on what simulations are mpprapriate to serve as input to
their models. This is a different type of link ibmpared to that between GCMers and
hydrologists. Whereas in the latter case it is a-tvay collaboration in which both
groups of scientists are interested in interactimgthe former case only impact
modellers seek to interact with GCMers. Finally,ewhit comes to the connections
between policy-makers and GCMers, this is a corapletlifferent type of link if
compared to the others described above in thaidgs dpeyond those directly related to

knowledge production.

This is not to say that agency is strictly a hurobharacteristic. If agency is defined in a
certain way non-humans can also be regarded agsadeickering (1995, p. 6), for
instance, argued that extreme weather phenomecia asustorms, floods, and droughts,

had agency, in the sense that they engage withamlies and with our minds. They can
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bring about severe impacts on the environment anlkuonan societies. One could also
argue that carbon dioxide has agency, which fitsll wathin the theory of
anthropogenic climate change. Yet, as Pickerin@%1%as also pointed out, there are
differences between human agency and material gigérteere is intentionality in
human agency, whereas material agency lacks gn8sis’ behaviour is future-oriented
in the sense that they establish clear goals anettolkes for their actions. The same
guality cannot be attributed to carbon dioxide @mistientists’ machines, such as mass
spectrometers or computer models. Furthermore, hoomans cannot acquire and
transmit collective tacit knowledge, which meanatttalthough they might be part of
humans’ social world and have an influence in pe'social lives, i.e. a pet can make
people happy, sad, angry, etc., as much as moneyomiag about several different
emotions in people, they cannot engage in sociataotions that depend on following
social rules (Collins 2010, pp. 124-125). It is tloé objective of the present work to
examine in detail the interactions between humarasreon-humans, therefore objects
are not protagonists in my narrative. Yet, resaarckheir interactions with humans is
still a legitimate field of investigation within STas long as the differences in terms of

intentionality between them are acknowledged.

In this sense, the idea of translation should moalbogether abandoned. It can be very
useful as long as we abandon the hyper-symmetngipte and distinguish the different
types of interactions that take place between sctor fact, Shackley et al.’s (1998)
examination of the dominant position of GCMs im@ite-change science is interesting
precisely because they do not follow ANT all theywalthough Shackley et al. do not
go into the details of the interactions between different communities of climate-
change scientists - this was not the main goaheir twork - they acknowledge that
there are different types of interactions betwediergnt groups of social actors. They
pointed out, for example, that the interactionsMeein impact modellers and GCMers,
for example, were based on trust because thespgitmd different types of expertise.
They could only make this point because they did fodow the hyper-symmetry

principle.
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In sum, the notion of translation is useful to ustend how heterogeneous
communities establish links between themselvesutiitothe convergence of goals.
Translation homogenises interests and underpinsboyhtive efforts. This notion,
however, is a sociologically interestingly only tiie hyper-symmetry principle is

abandoned and it is acknowledged that human agemtifferent from material agency.

Homogenisation Mechanisms: Standardisation

To standardise an action, process, or thing meansome level, to screen out unlimited
diversity. At times, it may mean to screen out elmited diversity (Star and Lampland 2009, p.
8).

The second mechanism of homogenisation of diffei@nts of life to be discussed here
is standardisation. Although standardisation has htought up ethical issues related to
whether standardising excludes or make certain pgrounvisible (e.g. Star and
Lampland 2009), I will not examine these issueg hRather, | will stick to the focus of
this work and concentrate on the extent to whichndardisation facilitates
communication between heterogeneous expert grolupsscience and technology
standardisation refers to processes of productidmowledge and technology that are
standardised so that data, research techniquebpdsetetc., can be transferred across
national borders, research projects, and scientdf@mains. Standardisation is
particularly helpful to reduce instrument heterogign although it also has implications
for other types of heterogeneity as it changesarebepractices and research cultures.
Standardised data collection methods and technigessciated with data processing
may reduce the incompatibility between data setschvEdwards (2010) calls data

friction.

In climate-change science, standardisation is sangisl mechanism for generating data
sets that climate modellers can use. It is esddatianodellers that data are produced in
the ‘right’ shape and that they can travel acrassonal borders and disciplines until
they reach modelling research centres. Latour egrised this point in an influential
way which is useful to understand the relevancestaindardisation mechanisms.
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According to Latour (1987), the existence of oliogg points of passage is not a
sufficient condition for actants to keep control afetwork. It is also necessary to
ensure that things (people, events, phenomena,tretedl through the network and

reach its centres in the appropriate shape. Inr atleds, they have to be transformed
into what Latour calls immutable and combinable itesh This means that they have to
be made mobile, so that they can be transportadljestso that they are not distorted
when being transported; and combinable, so that tdam be combined with other

immutable mobiles (Latour 1987, p. 223). In otherds, they have to be standardised.
Again, this idea is very useful to understand cterehange science as long as it is
disconnected from the hyper-symmetry principle, cehias | have argued above
prevents sociologists from examining different masgbms of building bridges between

different social groups.

In the case of climate modelling, heterogeneous datlected from all parts of the

world on a range of climatic phenomena have torbestormed into figures, tables,

graphs — inscriptions in the Latourian vocabuldrgtgur and Woolgar 1979) —, which

can travel and reach climate models in a suitatdge for becoming model input or to
be used for model validation. This is a challengamk. Data are collected from sources
as heterogeneous as surface stations, weatherommllcships, satellites, rockets,
paleoclimate proxies, and so on (Jasanoff and W88, pp. 34-35; Edwards 2001,
pp. 60-61). These data sets are assembled by d#fegent instruments, techniques,

and skill levels, which results in data with diat levels of precision and accuracy;
they have different spatial resolution and covdfedént time intervals; and data are
collected in different regions and cannot alwaysexérapolated to other localities

(Jasanoff and Wynne 1998, pp. 34-35; Edwards 200160-61). Jasanoff and Wynne
(1998, pp. 34-35) provided some examples of therbgeneity of climatic data sets:

The sources of data used in measuring the Eartdst’ gre wide-ranging: standard temperature
records taken by governments agencies; centuriestescriptions, ships’ logs, paintings of

Alpine glaciers and outdoor scenes (used as ohlsamgaalthough often not intended as such);
historical records of climate change found by thgjlinto ice cores, and reading the record of
radiocarbon locked up in tree rings (Broecker 199nperature measurements around cities
that must now be adjusted to compensate for tightslipward skew around such heat islands.
Patently social productions, such as parish recémate previous centuries, may have to be
related to observations of nature, such as the iclaranalysis of fossilized pollen. Many
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problems of incompatibility, unevenness, and latlstandardization are associated with such
aggregation of records. Means of interlinkage ,ahmon identity, between such diverse entities
are often attempted — sometimes successfully.

Edwards (2001, p. 60) provided further examples:

Most thermometers are located on land and clustarearban regions, where ‘heat island’
effects raise local temperatures above the regaverdage. Meteorological records at sea tend to
be drawn from shipping lanes, ignoring the globle'ss travelled areas. For the last several
decades, records from the atmosphere above thacsulfave been drawn from increasingly
extensive commercial aircraft, radiosonde (weath&ioon), and rawinsonde (radar-tracked
radiosonde) networks, but these too are concedtratparticular areas. Coverage in the tropics
and in the Southern Hemisphere is particularly poor

These heterogeneous data sets have thereforestariardised and the data processed
so that they can become models input. Edwards (2@d€cribed two major processes
related to the production of global data setsking global datawhich consists of
internationally coordinated efforts to record glbbeeather and climatic data; and
making data global which consists of efforts of adjusting, intergolg, and
extrapolating data from heterogeneous data sepsotuce global records that can be
fed into climate models. The former consists ¢érapts to standardise data collection
so as to reduce the diversity of methods and tegciest “Standards act as lubricants.
They reduce friction by reducing variation, and d¢eercomplexity, in sociotechnical
processes, and they ‘black-box’ decisions that d@atherwise have to be made over
and over again” (Edwards 2010, p. 251). The lattansists of attempts to process
heterogeneous data sets. These processes als@ aedutce heterogeneity, but they
come into play after data have been produced. th bases the goal is to transform
heterogeneous data into standardised data setgahabe readily fed into computer
models or compared to their outputs. They are h@misgtion mechanisms.

With regards to making global data, a number cérimational programmes were set up
particularly after the middle of the 9Ccentury to collect standardised weather and
climatic data across the globe. A particularly impot programme was the World

Weather Watch, which coordinated the internatisfedring of weather data produced
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by satellites and radiosondes. Edwards (2010) edimut that despite these efforts
standards have been applied differently in diffenglaces so that fully-standardised
global data sets have never been generated. AsaBtht ampland have pointed out
(2009, pp. 6-7) standards are distributed unevemfych means that their impacts and
the extent to which they become obligatory varyossr different social groups.

Furthermore, although they are implemented witlea/\to standardise practices across
different localities, different communities apprbamterpret, and use them in different
ways: “We must not lose sight, however, of the darfpct that standards are intensely
local, in the sense that, despite their globalhliedteey touch very specific communities
in very specific contexts” (Star and Lamplad 200916). In the case of global climatic

data sets, Edwards pointed out seven elementsintpatsed some resistance on the
effective implementation and adoption of standanddifferent research environments
(Edwards 2010, pp. 251-252): institutional inerti@anding constraints; technical

difficulties of application; problems of integratiavith other instruments, systems, and
standards; operator training deficits leading toomect implementation; differences

among local interpretation of the standard; andsipasand/or active resistance from
organisations and individual practitioners. Theulesf these standardisation efforts
were not homogeneous data sets, but heterogensmamnplete, and inconsistent

data®,

Climate modellers, however, needed comprehensivbagldata sets for their models
and had to make do with the data available. In rotdenake heterogeneous data sets
useful for modelling, a number of procedures welso aleveloped to ‘make data
global’. Data had to be processed and transformixdata sets that would match the
data points on the models’ three-dimensional gikdsumber of data analysis models
have been developed for this purpose: “What | dalla analysis models (or data
models, for short) are really a vast family of neatfatical techniques, algorithms, and
empirically derived adjustments to instrument ragdi (Edwards 2010, p. xv). In
addition, in the 1990s, reanalysis models have geter These models reanalyse

weather data and produce comprehensive data satganfety of climatic variables:

% Further examples on difficulties in standardisatignate research can be found on the paper on meta-
data by Edwards et al. (2011). For a collectiopapers on standardisation in other parts of ouiakoc
lives see Lampland and Star (2009).
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In reanalysis, past weather records (not climata)dae run through complex data assimilation

models — originally designed for weather forecagtinto produce a single, uniform global data

set for 50 years or more. Traditional climate datasists mostly of averages for single variables
(temperature, precipitation, etc.) over periodaahonth or more. Reanalysis produces a much
different kind of data: all-variable, physically ristent data sets containing information for

millions of grid-points every six hours. Althoughabes in the models prevent them from

displacing traditional climate data, climate statis calculated from reanalysis data can reveal
‘fingerprints’ of climate change not detectabldriaditional data (Edwards 2010, p. 16).

Although reanalysis provides researchers with @best climatic data sets across all
variables, several complications arise related botthe data used as input and to the
models used to process these data (Edwards 201326§835). It uses a really wide
range of data sources and a number of models aleyael to standardise them, which
also have biases. For this reason, reanalysis Hate been mostly used as

complementary data rather than as primary data.

Despite the large number of issues revolving ardinede standardisation techniques,
they are a crucial process in current climate-chawence, as they are the key for the
generation of global climatic data. These processediate the production of empirical
data and the integration of data sets into clinmtelels. They are, therefore, central
mechanisms in holding climate-change science tegefhese mechanisms, however,
along with the translation process that made GCMgatory points of passage, only
tell part of the story. Climate-change science Ima$ become a homogeneous
transdisciplinary field of investigation such thatechanisms of building bridges
between heterogeneous domains are not needed.uglihstandardisation facilitates
data exchange between communities and translatieates a certain degree of
convergence of interests among expert groups, tbestll a great deal of diversity in
climate-change science related to expertise, imsnis, and epistemic cultures. This is
the point at which mechanisms of building bridgesateen expert communities come
into play. To understand fully how knowledge onnwite change is produced it is
necessary to understand on what basis differeneresxgcommunities interact and
exchange knowledge. The descriptions above seharglebackground against which
other questions emerge, such as: What expert coitiesurare working closely

together? What type of expertise underpins the axgh of knowledge between
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different domains? Are these exchanges carriedoouthe basis of primary source
knowledge or is there some mutual socialisatiorctvitiould result in the acquisition of
some type of specialist expertise? If there is ndual socialisation, what processes

could mediate the interactions between these diffecommunities?

Chapter Summary

In this chapter | have provided a general desompbdf climate-change science and,
based on the STS literature, | have examined sornethe mechanisms of
homogenisation that are at work in this field. sl introduced the IPCC and argued
that this institution to a large extent frames agsk into climate change. | then divided
climate-change science into subareas of researthepnesented it diagrammatically by
using the fractal model. | then worked on a veghHiractal model, the whole climate-
change science and examined two major mechanisrhernbgenisation that play an
important role in this field: translation and stardisation. A few descriptive points
can be made on the basis of this analysis. Seaathbrs have pointed out that climate
models, particularly GCMs, play a central role iimate-change science. They are the
main tools used by climate-change scientists terabke data from several fields and
work out how the climate system works and changes global scale. The inflow of
data into models, however, is not a straightforwgmbcess. Data have to be
standardised and processed before being used bgllersd This is because data are
generated by using several different methods,unstnts, and skill levels. As a result
records have been produced with different levelspocision, accuracy, spatial
resolution, and covering different time periodsrtkermore, different data sets have
different geographical coverage. This has givee (i3 international data collection
programmes whose main purpose is to generate amnd standardised data sets as well
as to a number of models designed to process lgetaeous data sets and to produce
homogeneous global climate records. These datdhare fed into computer models,
which simulate the past, present, and future ckem@heir output is then used by impact

experts.
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From a more analytical point of view, | have arguiwht both mechanisms of
homogenisation, i.e. translation and standardisatice helpful for understanding how
knowledge is produced in climate-change sciencandlation funnels interests towards
the production of data that can be fed into clinmatedels and, in turn, towards the use
of model output by the impacts community. In otiwerds, it creates a certain degree of
convergence of interests which make some commanitt®mmunicate and
collaboraté®. Standardisations reduce the ‘friction’ (Edwards@®) between different
methods and techniques of data collection and leztweterogeneous data sets. It helps
data travel through different domains of practiod &#om one local area to others until
becoming part of global data sets. These mechanmswgver cannot make climate-
change science homogeneous enough so that bridgesdn different domains are not
necessary. They provide very interesting backgranfmmation for further research,
but they only tell the beginning of the story. lliwiow move to the second part of this
thesis. | will examine paleoceanography as a casgy sand identify bridge-building
mechanisms between expert communities to understawcheterogeneity is dealt with

in this sub-area of climate-change science.

% | am not arguing that from a normative point adwithis is the right or the best social structimat t
climate-change science could or should have. Sautteoes (Shackley and Wynne 19953®ayner and
Malone 1998 Shackley et al. 1998; Demeritt 2001; Yearley 2d89ime and Mahony 2010) have argued
that there are alternative and more pluralistic svafyproducing knowledge on climate-change. AltHoug
I generally sympathise with their arguments, | amh adopting a normative approach in this work and
will not examine their argument in detail. My poiist essentially to shed light on how knowledge
produced but not on howshouldbe produced.
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Chapter 4 - Paleoceanography

This chapter is an introduction to the next threapters of this thesis where | examine
bridge-building mechanisms between expert commaesittithin paleoceanography and
between paleoceanographers and other expert cormesunil will introduce
paleoceanography and describe how paleoceanogreggearch is carried out. | will
describe paleoceanography as a subfield of pafeatdiogy and the different stages of
paleoceanographic research. This will prepare tbargl for the sociological analysis
that will be presented in the following chaptershofv experts in paleoceanography

communicate and collaborate among themselves ahdoitier expert communities.

Paleoceanography and the Fractal Model

Paleoceanography can be represented as beingréatalflevels below climate-change
science (see figure 9). It is a subfield of paleoatology and it focuses on
reconstructing past oceans and their interactiatts ather parts of the Earth system. It
can also be depicted in the fractal model in aedkifit way (see figure 10): it can be
represented as a subfield of geology, which iskdield of the Earth sciences, which, in
turn, are a subfield of the Western Sciences. Beffresentations are correct. As
pointed out by Collins (2011, p. 286), there anees&l ways of defining the boundaries
between domains of practice and representing themthe fractal model that are not
mutually exclusive. In the present work | use b@presentations as both are useful for

understanding the links of paleoceanography witieotields of science.

Paleoclimatology seeks to reconstruct past clinbafere the emergence of consistent
instrumental climate records. It is a subdisciplioie geology and focuses on the
climatological aspects of the history of the EaRaleoclimatologic reconstruction is
very valuable to climate-change science as thestale of the instrumental record is
short extending only approximately 150 years baxtk the past. Paleoclimatic data,

37 satellite measurements have only been carriesione the 1960s. Instrumental measurements have
been conducted for a longer period, although #tils short if we consider the geological time s;al
which extends a few billions years into the pastmperature measurements, for instance, have been
taken for up to 300 years, but with scattered gaalgical representation (Burroughs 2001, pp. 140-:151
Land temperature measurements were carried outiorggrts of the northern hemisphere until the late
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on the other hand, may reveal characteristics @fctimate system extending as far as
millions and sometimes even billions of years biat& the past. The only way to study

long-term climate processes is by using paleoclordsta.

Western Science

Climate-Change

Science

study of Causes and
Processes of Climate
Change

Paleoclimatology

Paleoceanography

Figure 9: From Western sciences to paleoceanogridgpbygh climate-change science.

nineteenth century, when an increasingly broadeemme gradually reached other areas of the planet
(Burroughs 2001, pp. 140-151). It is only by int@giing records that it is possible to reconstiaad
temperatures back into 1860s. Sea-surface tempesahave also been measured since approximately
1860 with buckets that collected water from theesaf ships (Burroughs 2001, pp. 140-151). The
coverage was also scattered as only the main shtpg have consistent records.
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Western Science

Earth Sciences

Geology

Paleoclimatology

Paleoceanographv

Figure 10: From Western sciences to paleoceanogthpbugh the Earth sciences.

Paleoceanographers produce data that reflect #te st the oceans in the past. The
boundaries between paleoceanography and paleocloggt however, are not clearly
defined as the different subsystems that compose ctimate system cannot be
completely disentangled. A great deal of data pceduby paleoceanographers is also
influenced by processes that are not purely oceapb@ as past oceans interact with
other parts of the climate system. For exampleeqaanographic records provide
information on variables such as the concentratiocarbon dioxide in the atmosphere,
the volume of ice on the continents, etc. For tke@son, several paleoceanographers

also identify themselves as paleoclimatologists.
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Paleoclimatology

Paleoclimatologists reconstruct the Earth’s pashate by analysing a number of
different archives, such as marine and lake sedsne@mutcrops, ice cores, tree rings,
corals, rocks, leaves fossils, and historical résoof climate-related phenomena.
Different kinds of data can be extracted from eadhive and different techniques are
deployed on each of them. Tree-rings growth, fetance, depends on several climatic
factors, such as temperature and precipitationn®asuring the width of them it is
possible to collect data on those climatic varigblee cores drilled in Antarctica and
Greenland contain samples of past atmosphere tlaippthe ice that can be used to
study changes in atmospheric composition. Their pmsition also contains data on
other climate variables, such as past temperatpresipitation, volcanic eruptions, etc.

Each paleoclimatic archive has their advantagesliamtations. Marine sediments, for
instance, are a source of data that goes backapmately 170 million years into the
past. They do not provide however high-resolutiatad containing no data on short-
term climatic variation. They usually contain infaation describing intervals ranging
from thousands to tens of thousands of y&alse cores, on the other hand, encapsulate
data that goes as far as several hundred thoussard pack in time. Although they
cover a much shorter time scale, their resolutgnignificantly better and some cores

can be used to reconstruct yearly intervals.

These archives also have other kinds of limitatiormich as geographic
representativene$s A single type of archive cannot provide long-temigh-resolution

data on the whole planet. To produce a comprelensiconstruction of the planet’s
climatic history it is necessary to combine datanfrseveral archives. Tree rings, for

example, provide data spanning ten thousand yatoshe past. However, trees from

% In exceptional circumstances scientists have doocares from which they could extract data on

intervals of hundreds of years and even tens aky@radley 1999, p. 4)

% Besides geographical representativeness, lengtmef and resolution, there are other limitatisnsh
as dating accuracy, levels of inertia with regaaodslimatic variations, and so on (see Bradley 1999
4-8).
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the tropics are not suitable for climate recongiou; as there are no pronounced annual
cycle of growth in these areas (Burroughs 2001,154-157). Moreover, they do not
provide data that is representative of the oceahs;h account for over 70% of the
Earth’s surface. Marine sediments, on the otherdhdmave a wider geographical
coverage as they can be extracted from severak anedhe oceans. They do not,
however, carry much information that can be usedreconstruct the climate of

continental areas.

Paleoceanography

Paleoceanographers use marine archives to recongéist oceans and their interactions
with other parts of the climate system. There are main types of marine archives:
marine sediments (collected directly from the smaflor from outcrops) and corals.
Sediments accumulate slowly on the seafloor. Theitysical and chemical
compositions provide clues about the environmergrevlihey came from. Corals reefs
grow in seawaters and can also be used to recohsirunumber of other climatic

variables, such as temperature, nutrient avaitgbgea level, and water clarity.

These archives have very distinctive charactessflhey provide data with radically
different resolutions as corals record seasonakttans whereas marine sediments
usually record climatic variations on millennial @entennial time scales. Their
geographical distribution is different as well. Mer sediments can be collected in all
latitudes and in most parts of the oceans. Coials;ontrast, are mostly found in
tropical area®. Moreover, coral records extend from years to $aods of years back
in time, whereas marine sediments record data filomusands of years to tens of
millions of years back. Another difference is tharine sediments produce continuous
records whereas coral records extend some hundfegsars, which is the lifetime of
individual corals. To produce longer records itniscessary to band together data

produced on different individuals.

“% There are also deep sea corals, which containfaataother geographic areas, but this is stilleavn
field of research that has not been consolidated ye
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The production of knowledge based on them invobieslar stages, which have to be
adapted to the types of material being analysedlill lse the production of knowledge

using marine sediments to illustrate how knowledgaroduced in paleoceanography.

Stages of Research in Marine-Sediments Paleoceanaghy: Writing Proposals

Research in marine-sediments paleoceanographyecdivioed into six stages: writing
proposals for funding; collecting sediments; pregaisamples; samples analysis; the
interpretation of data; and writing papers. Thisnst a linear model and research

projects need not necessarily go through all ainthe

The first stage in any research project in paleoosgephy is writing an application to
obtain funding for it. Funding may be requestedvarious types of projects including
those aiming to address questions such as whylithate system was so hot 56 million
years ago; how Antarctica became permanently cdvariee approximately 34 million
years ago; what ocean circulation changes bringitabbrupt climate change during
glacial-interglacial cycles, etc. Proposals are alsitten to obtain funding for fieldtrips
in which paleoceanographers collect samples andubsequent analysis. Furthermore,
paleoceanographers also request money to develegauhniques of analysis and to

refine those already in use.

Collecting Sediments

The second stage of research in paleoceanograptgllecting material for analysis.
This is usually done by going on research vessglspped with tools to collect

sediments from the seafldar The idea underpinning these cruises is that seuisn

“! The Integrated Ocean Drilling Programme (IODP}tie most important organisation carrying out
research cruises. It is funded by several develapedtries. It has two vessels and several plagdiat

are used for extracting material from the seafl@re of its vessels, thiwides Resolutigris widely used

by paleoceanographers. It is the only ship usegdteoceanographic research in the world that ciéin d
the bottom of the sea. It is equipped with a rigttban collect material deposited as deep as two
kilometres into the earth. There are several otlessels collecting sediments from the sea floot, bu
instead of having a rig on them they use other adesyisuch as piston corers or gravity corers, which
cannot reach similar depths. See the IODP welitkifther informationhttp://www.iodp.org/
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slowly accumulate on the seafloor. Although thegsadf accumulation vary across the
globe and through time, it takes on average betws@h to 2000 years for one
centimetre of sediments to be deposited on theomotf deep sea. If no tectonic
phenomenon rearranges the positions of the laylesgdiments, the deeper one drills
the older the sediments are. Seafloor sedimentsasutenuously recycled in areas called
subduction zones, where tectonic plates meet.dsetlareas, one plate goes underneath
the other so that seafloor sediments are sunktigonantle. Due to this phenomenon,
the oldest sediments recovered from the seaflamrapproximately 170 million years
old.

A number of tasks are carried out during researgises. Once cores are extracted from
the seafloor they are taken to onboard laboratoMisropaleontologists, experts in
microfossils, take samples from the cores and Ilayyaimg the types of species found in
them provide provisional dates for the materialestéd. To do so, they have to have an
in-depth knowledge of all species of a particulabgroup of microfossils, their
evolution, the time periods when these speciedl)iaad the environment where they
dwelled. These dates are important for the drillopgration itself as it gives people
operating the coring devices a sense of how cloeg &re to the sediments they are

seeking.

The cores are also described in terms of theiripalyproperties, such as colour, types
of sediments, recovery rate, whether or not thésemts look disturbed, etc. This basic
description is crucial for future research as viegi other researches clues as to the time
period when sediments that compose a core weresdegoand as to the types of
environments they carry a chemical signature fréfter this basic description is
carried out the cores are stored and labelled &ovthen scientists return to shore they
have accurate information about where they weréedeld, the depth at which they

were found, and their basic characteriéfics

“’paleoceanographers need not necessarily colleict samples themselves. Research cruises usually
recover large amounts of material which take yeéarbe processed and analysed. If an expedition is
carried out by the I0DP, scientists who take pauthie cruise have preference in choosing coressd ho
which are not selected by them are stored in amgssitories and after two years any scientistagaply
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Paleoceanographers also collect samples from egblifharine sediments found in
continental areas. Those outcrops may contain sedsnolder than those collected
from the bottom of the sea, extending hundreds ibfioms of years back in time. Field
expeditions are organised to collect data from th8nientists describe their physical
characteristics - such as the types of sedimealsyu hardness, porosity, bedding, etc.
and take samples either by using simple tools sischammers or by drilling through
the layers of sediments. However, only the minority the paleoceanographic
community work on those sediments. They tend torrheeh more disturbed than
sediments extracted from the seafloor and thewluésn tends to be lower. They are
mostly used for studying the very ancient histofyhe Earth, which goes far beyond

the sedimentary record found at the bottom of ##’s

Preparing Samples

The third stage in research in paleoceanographyraparing samples. Sedimentary
cores are taken to laboratories and cut into pghescan measure from less than one
centimetre to a few centimetres, depending on #selution required by a specific

research project. They are then washed over sighiese the fine fraction is separated
from the coarse fraction. The fine fraction carubed for certain types of analysis, such
as grain size analysis, which provides informatrout ocean currents. In the coarse
fraction there are microorganisms’ fossil shellsho3e fossils can be used for

geochemical analysis or for assemblage countslabenilescribed below.

Several microorganisms’ fossils are used by pakumgraphers to generate data, such
as foraminifera, diatoms, radiolarians, dinoflagels, coccoliths, etc. The most used
type of fossil in paleoceanography is foraminife(forams), a phylum of

microorganisms that belong to the kingdom ProtiStaey live either at sea surface

for them. If the cruise is run by another instibuti scientists who were not involved in it somesnask
the cruise’s chief scientist for cores to use #irthesearch projects.

3 For a description of geologists studying outcrepe Frodeman (2003, pp. 96-116) and Almklov and
Hepsg (2011).
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(planktonic) or on the seafloor (benthic). Thesgaoisms secrete calcium-carbonate
shells, which after they die sink and are deposiiedthe seafloor. The chemical
composition of their shells is influenced by seVedanatic phenomena, such as sea
water temperature, ocean productivity, water agidite amount of ice on continents,

ocean circulation, the carbon cycle, etc.

When preparing samples for analysis scientists hav@ck suitable fossil species by
looking at them under a microscope and identifyingm through their morphology.

Certain types of geochemical analysis require that microfossils are chemically
cleaned from substances that might contaminate.tReminstance, foraminifera shells
have chambers that may contain clay. Clay contaagnesium, which in the case of
the geochemical analysis of the ratio of magnedioralcium, which is a proxy for

temperature, may alter the temperature signal.réegmt this, foraminifera shells have
to be crushed and cleaned by using chemical resigent

Analysing Samples

After preparing samples there are two types ofyaimkhat are most frequently carried
out. One of them is assemblage counts. Micropatdogists count the number of
individuals of each species in a given sample. Aerént species live in different

environmental conditions, the count provides claesthe state of the climate system
where these microorganisms lived. Certain sped@sexample, live in cold waters

whereas others prefer warm waters. Micropaleonisiegusually find patterns when
analysing samples. Some species are found in gneateber in certain parts of a core

than others, which indicates variations in the aliensystem through time.

The other type of analysis consists of geochentieahniques. Specific species of
microfossils are picked and run in mass spectrameténich are machines that analyse
their chemical composition. In this case the pigkiof microfossils is not as

complicated as in assemblage counts, as researm@teerssually only interested in the

few species they will analyse. After samples ofsthepecies are produced they are put
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in the mass spectrometer. This machine then predeesl-outs with information on the

chemical composition of the shells.

The geochemical analysis uses chemical elementsptbaide indirect data on past
climates, the so-called proxies. Each proxy is usaéconstruct a particular property of
the climate system, although usually there are nesawyronmental variables controlling
them. | will use the analysis of oxygen isotopeforaminifera shells, which are proxies

for seawater temperature, salinity, and contindn&lolume, as an exampte

Oxygen is the second most abundant gas in the ptmos It is also a component of
water vapour and of ocean water. There are thmgepiss of oxygen-°0, }’O, and*®0.
%0 is by far the most abundant, accounting for axiprately 99.76% of all oxygen. It
is followed by*®0, which accounts for 0.2%. The ratio’8® to°0 (hereaftes'®0) in
seawater is influenced by water temperature anthéydrological cycle (Cooke and
Rohling 2001; Ruddiman 2008, pp. 359-361).

The hydrological cycle affects the isotopic compiosi of seawater. An important part
of the hydrological cycle consists of seawater evafing in the tropics area, where
temperature is higher, and moving towards the p&édsile air masses move towards
higher latitudes they go through several cyclepretipitation and evaporation. As the
atmosphere becomes colder in high latitudes, d$tdss water vapour. For this reason,
water masses that reach the poles have smallerrasnouwater vapour than when they
were created in the tropics. When those masseh keag high latitudes, water vapour
becomes snowfall and precipitates on the ice sh&atswater vapour might be stored
in the ice sheets for thousands of years, but eadigtthese water molecules return to

the oceans through ice sheet runoff.

“ |sotopes are atoms with different numbers of mewstibut the same number of protons. Proton number
determines atomic element type (its chemical pitgeemat large) while differences in neutron number
determine physical properties (e.g. mass, radiaggti Oxygen, for instance, is made up of 8 pratolh
may have 8, 9, or 10 neutrons. There are ther¢foee isotopic variations of oxygelfO, 1’0, and*®0,

all with very similar chemical properties but diffat physical ones.
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As water vapour makes its way towards the polesmaisses become depleted"§®
due to the cycles of evaporation and precipitatieey go through. This works in the
following way: When seawater evaporates, a largesunt of the lightef®0 molecules
becomes water vapour than the heavf@ enriching the oceans ifO. Similarly,
because®O is heavier thar®0, when water vapour condenses it tends to pretipit
faster. As a result, snow precipitation on the sbeets is rich if°0. These water

molecules are then stored in the ice.

Ice sheets wax and wane through the history ofEdmth. Whenever they grow, more
%0-rich rainfall precipitates on them and are stdrethe ice, reducing the amount of
*0-rich waters in the oceans. Whenever they shrif®;rich waters melt into the
oceans. A similar process happens in glaciers, dvitiey are in low latitudes. When
snowfall reaches them, the molecules of water &@rich due to the cycles of
evaporation and transpiration they have gone thrdogfore being deposited there.
Consequently, the larger the amount of ice covethng continents, the higher the

amount of-°O-rich waters stored in ice sheets and glaciers.

This mechanism impacts the ratio 80 to O of seawatér. As the chemical
composition of foraminifera shells responds to ém¥ironment where they live, the
oxygen molecules that make up the calcium carbooftieir shells (CaCg¢) is also

impacted by the seawater isotopic composition.

This, however, is not the whole story. There areeptvariables that influence the
isotopic composition of foraminifera shells. Whesawater evaporates, it becomes
saltier and, consequently, dense. This seawathrinc®0 then sinks making deep

seawaters have a higioO.

> This process is more complicated than this asniateifferent parts of the globe might have diéat
3'®0 due to local phenomena such as exchanges beisedom ice sheets and water around their
margins (Cooke & Rohling 2001, p. 12) and riveravatdelivery on the oceans (Ruddiman 2008, p. 360).
Furthermore, seawater mixing through ocean cirmratakes hundreds of years to take place, which
means that'®0 might not be uniform across the oceans. Thesagrhena have to be taken into
consideration by researchers when interpreitfi@ data.
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Furthermore, thé'®0 of foraminifera shells is also dependent on émepterature of the
seawaters in which they calcify. When the sheksmecipitated there is an increase in
the 8'%0 of the calcium carbonate if compared to 84% of the seawater. The lower
the seawater temperature is the greater the differebetween thes®0O of the

foraminifera shell and of the seawater.

By analysing the oxygen isotope composition of finirafera shells paleoceanographers
therefore obtain a signal that is controlled bywssar isotopic composition and by
seawater temperature. These data, if compared Her giroxies that are used to
disentangle the different environmental variablésit tinfluence it, i.e. seawater
temperature, salinity, and continental ice volurnan be used to reconstruct past

climates. The isotopic analysis is carried out asmspectrometéfs

Another example of a proxy is carbon isotopes thake up the calcium-carbonate
shells of foraminifera. They provide information @roductivity in the oceans,
exchange of carbon between reservoirs (e.g. vegetaurface waters, deep waters,
etc), and ocean circulation. The ratio of traceatseto calcium in foraminifera shells
also provides paleoceanographers with a wide rapigenformation. When the
foraminifera secrete their shells they incorposateall amounts of trace metals such as
magnesium, boron, strontium, etc. The incorporatbrmagnesium, for example, is
temperature dependent, therefore its ratio to wadcreveals information about past
temperature. Boron’s incorporation into foramingfeshells is influenced by water pH.
The elemental ratio of boron to calcium is therefan ocean acidity proxy. pH data can

also be transformed into data about,€@ncentration in the atmosphere in the past.

6 Samples of foraminifera shell are put in mass spewters, which analyse the mass of the atoms that
make up the samples. By reacting the calcium catgomolecules from foraminifera shells with
phosphoric acid mass spectrometers obtain. @D, has one atom of carbon and two of oxygen.
Oxygen, as pointed out above, has three isotopes: 'O, and *®O, but 'O exist in such lower
concentrations that it is not very relevant in tiglysis. Carbon has two stable isotop€sand*’C. If a

CO, molecule is composed of one aton i and two'™0, its mass is 44. If it is made up of one atom of
3¢ and two™0, its mass is 45. Finally, if it has one atont’df, one'®0, and oné®0, its mass is 46. The
ratio of *°CO, to **CO, therefore is the ratio dfC to *?C (3*°C), whereas the ratio 8f1CO, to “’CO, is the
ratio of **0 to'°0 (3*°0) (see Cooke and Rohling 2001 and referencesithierefurther information).
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Data Interpretation

Data interpretatioH is a crucial step in paleoceanography. Paleocapbers usually
do not produce data only for the sake of produahigatic records. They want to
understand certain climatic mechanisms and prodegplanations for certain
phenomena. They have to connect the data they peoduith other environmental
phenomena that could affect the phenomena theynemested in. To do so, they have
to interpret their data in the light of other datds already published. This requires an
in-depth understanding of the Earth system, ofmi#gn mechanisms of change, and of

the scientific literature.

Law (1980, pp. 16-18) pointed out that in sedimkgy, which is a geological field
close to paleoceanography and that overlaps withete is no unique methodological
and theoretical approach. A range of complemertigfyniques is used and their results
integrated. The same applies to paleoceanogra@tgoceanographers usually produce
data with a number of techniques and try to brivegri together. This is because all data
sets have limitations and none of them produce clat@prehensive enough to be used
without comparison with other records. Furthermarken interpreting a given data set
paleoceanographers do not usually seek to findrgklaavs. Rather, their ultimate goal

is to identify the mechanisms of climate changeidg particular phenomeffa

In geology, the goal is not primarily to identifyemeral laws, but rather to chronicle the
particular events that occurred at a given locatadrthe outcrop, for the region, or for the entire
planet). This means that hypotheses are not testablhe way they are in the experimental
sciences (Frodeman 1995, p. 965).

Paleoceanographers seek to fit the different pie€espuzzle together. To do so they
need to include in their interpretation as manygveht parts of the Earth system as

possible. Unlike physics where the major goal mightfinding very simple universal

47| am here reproducing the labels using by palewogmphers to describe their work. Data
interpretation, however, is not restricted to stege of research. All steps of research involterjpmetive
steps, including making judgements on where toecblsediments, developing hypothesis on the age of
the sediments just brought on board, choosing sesnphd so on.

“8 paleoceanography is a subfield of geology. Thighig Froderman’s ideas apply to paleoceanography.
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laws, in paleoceanography, as in other geologieddls of science, scientists seek to

develop comprehensive explanations of particul@npmena:

[...] our overall comprehension of the Cenomanianehian boundary event is determined
through an intricate weighing of the various typ#sevidence (e.g. lithology, macro- and
micropaleontology, and geochemistry). This ovenairpretation is then used to evaluate the
status of the individual pieces of evidence (Froderh995, p. 963).

For instance, if paleoceanographers find in a sediary core evidence from oxygen
isotopes that sea wat&’O was much lower some time ago in a given localfigy can
ask several questions that might help them intéetprse data set: Is this signal brought
about by temperature or ice cover on continents? Waa global or a local
phenomenon? What were the causes of this phenomeh@nthere other proxies or

archives showing the same trends confirming thatdhta set is accurate?

To address these questions they might start by uriegsthe ratio of magnesium to
calcium, which is a proxy for paleotemperaturesfaraminifera shells found in the
same core. By doing so, they can disentangle timpdeature signal from the signal
brought about by the amount of ice cover on contelf they find that, for example,
temperature rose a few degrees, they have to fgemtiat could have caused this. To
do so, they need to be very well informed aboutsttientific literature to know whether
other researchers have already found similar trendsther locations. If so, this is
evidence that the phenomena might be global. Ifinoain be the case that they found a
local climate change, which has to be explainedubyg local variables. It is also
necessary to take into consideration the time sufalee phenomenon. If it took place in
a million years time scales, the main forcing kely to be related to tectonics. If it
happened on a tens of thousands year time scaen#in forcing to be taken into
consideration are orbital cycles. If it is a shogpbenomenon, having happened on a
time scale of hundreds to few thousand years trakesthen the most likely forcing is
changes in greenhouse gases. Taking into accduheak considerations of time scale
paleoceanographers have to identify what other grinena happened at the same time
that could be part of the climatic process thatttethe increase in temperature. In other
words, they need to discover which climate feedbagkere triggered by the initial
forcing. Are there evidences of changes it the @arbycle that could have brought
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about a release of carbon in the atmosphere? Are #wvidences of volcanic activity?
Are there evidences of changes in ocean circulatibm do so, they have to look at
other data sets that can provide them with evideoceddress these questions. These
data sets might have been generated by using maedienents or other archives.
Synchronising data produced by using different negpines or on different archives,
however, is challenging. Several techniques ard fgeproducing age models and each
of them has different resolution and uncertainseghat linking different records is not
altogether straightforwafd The limitations and strengths of each age modeé o be
carefully taken into consideration when interprgtdata. In sum, it is necessary to have
a deep understanding of how the Earth system wofldsow paleoceanographic data is
produced, and of the scientific literature to bkedb interpret paleoceanographic data.

There are some tools that can help researcherprietelata. Statistic manipulation may
help them find cycles and patterns in their reco@Emputer models may also be very
useful. They can be used to test hypothesis intheat can bring together several data

sets and simulate the whole climate system.

It is worth noting that scientists interpreting @tal set are not necessarily the same who
produced it. Some research projects in paleoceapbygr consists of scientists
reinterpreting data already published in the liiem@ and putting forward innovative
approaches to the understanding of certain phenamen

Writing Papers

Once paleoceanographers have produced new intipret of a given phenomena or
added new angles to the already existing interpoets, they write up papers and
submit them to journals. This is the final ste@ny research project. Publishing papers
in high-profile journals is essential for a sucéekscientific career. It gives scientists

prestige and enables them to obtain more senidtiqgos

49 Some of the main techniques used in paleoceaniogrigy developing age models are radiocarbon
dating, magneto-biostratigraphy, stable isotopask&td records, and Uranium-thorium series. Further
information on them can be found on Bradley (1929]) Noller et al. (2000).
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Chapter Summary

In this chapter | have outlined what paleoceanduyyap to prepare the ground for the
subsequent discussion on expertise and commumch#abveen scientists working in
paleoceanography. | have described paleoceanogeasphysubfield of paleoclimatology
that research past oceans and their interactiotis @ther elements of the climate
system. Paleoceanographers mainly extract data fwomtypes of materials: marine
sediments and corals. | have then described then nsgages of research in
paleoceanographic research on marine sedimentsmgvproposals, collecting material,
preparing samples, analysing samples, interprelatg, and writing papers. | will move
now to the analysis of the mechanisms that mediatemunication and collaboration

within paleoceanography.
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Chapter 5 - Low Fractal Levels: The Case of Paleoaaography

In this chapter | will examine a low fractal levéh climate-change science:
paleoceanography. This means that the level ofrsiiye within this domain is
considerably smaller if compared to higher frad&lels, such as climate-change
science as a whole. Yet, there is a wide rang@wfributory experts that compose this
field. I will argue that communication in paleocegraphy is mediated by its domain
language, which is rich enough in technical dettlsafford informed conversation

between different contributory experts.

The first task to be done in this chapter is totdg the different types of experts that
are part of paleoceanography and what the langtieyespeak is about. If we return to
the fractal model (see figure 9, page 107), weat@sk who the different stick figures
that compose this field are and what they are riglidbout. In other words, what the
different types of contributory experts that makepaleoceanography are and what the
language spoken by them is about. | will begin blyoducing the different types of
contributory experts.

Contributory Expertise in Paleoceanography

In terms of contributory expertise there is a rangk subspecialisations in

paleoceanography. The most important is the dinidietween paleoceanographers,
micropaleontologists, and geochemists. The basistindiion between ‘pure’

paleoceanographers and these other empiricallytede experts who contribute to
paleoceanography is that although paleoceanogmpisera wide range of geochemical
and micropaleontological techniques, their useheft is instrumental. They are much
more focused on understanding paleoceanographigaledclimatic phenomena than
in the development of new techniques. They occadipmecome involved with the

development of new types of geochemical or micregatological techniques, but they
do this in collaboration with geochemists and npedeontologists as they cannot do

this by themselves.
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Micropaleontologists are experts in microfossils. They specialise irougs of
organisms, such as foraminifera, diatoms, dinoflatgs, coccoliths, radiolarian, etc.
Their main skill is the ability to distinguish adé range of species by looking at their
morphology under the microscope and to relate tteethe environment and to the time
periods they lived in. Micropaleontologists work eaveral questions related to the
groups of organisms they specialise in, such as ¢welution, taxonomy, geographical
distribution, etc. This is a field of research tseif and some of its members use their
skills to contribute to paleoceanographic researtheir main contribution to
paleoceanography consists of using their ‘traingdseto distinguish the different
species found on sediments and to count them. Bygdo, they can make inferences
about the state of the environment in which thessils lived®. Unlike researchers who
are strictly paleoceanographers, they do not oalyehan instrumental knowledge of a
few species of microorganisms. They specialiseistirdjuishing the whole range of

species of a micro-organism group throughout lomeg tintervals.

Geochemistsare experts in the analysis of the chemical coitipasof different
elements of the Earth system. Their main tool isssnapectrometers or similar
machines, which measure isotope ratios or elemeatiak. Their research is not limited
to paleoceanography. They also contribute to a murobother fields of investigation
in the Earth sciences, such as cosmochemistry,oignegeology, volcanology,
petrology, mantle geochemistry, etc. When they iamdlved in paleocanographic
research their main contribution is the developnognmew analytical techniques, such
as new proxies, or the refining of existing onestlsat more accurate and precise
measurements can be made. A considerable parewnftiime is spent in laboratories
preparing samples and running them in mass speetessor similar machines that
make analytical measurements. As geochemists’ 8gpeas in applying techniques,

they usually apply geochemical techniques on sédédfarent types of archives.

%0 Even though the strongest skill of micropaleorgidts is examining fossils and producing data on
them, they usually also become involved in othages of research in paleoceanography. They are very
important, for example, in research cruises. Thay provide other researchers with approximate
estimates of how old different layers of sedimentaores extracted from the sea floor are by examgini
the fossils found on them. This helps collect seafcores from specific time periods.
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Micropaleontologists and geochemists wusually do notly contribute to
paleocanography by generating data with their gfised skills. They also interpret
these data and publish papers in journals. Thegfitre have to be able to interpret the
records they produce according to the shared utaheling within the
paleoceanographic community of how the Earth systemrks. Furthermore, some
micropaleontologists whose research interests rligpaleoceanography can prepare
samples for routine geochemical analysis and renntachines themselves. Similarly,
some geochemists acquire an instrumental knowletigecking fossils so that they can

pick a few species they might use in the geochdraitalysis.

There are other subspecialisations within palecog@phy. Experts tend to specialise
in some time intervals, phenomena, research teabgjgeographic areas, and archives.
These different types of specialisation are interéd. To research certain time periods,
for example, it is necessary to use certain tydearchives. Or to research a given
phenomena it is necessary to deploy certain teaksiqlf a paleoceanographer is
interested in ocean currents, for example, he @ mshight use carbon isotopes,
neodymium elemental ratios, and so on. Or if heslog is interested in sea water
temperature, he or she might use the elemental shtmagnesium to calcium, oxygen

isotopes, and so forth.

Based on this description we can now return torég®iand use it to make sense of the
division of labour between different types of expean paleoceanography. The stick
figures represent groups of scientists who speeain: the Last Glacial Maximum,
glacial-interglacial cycles, deep tifle ocean currents, ocean acidification, orbital
cycles, anoxic events, abrupt climate change, tlethNAtlantic, Antarctica, etc.
Furthermore, some of them would be scientists wagrkon the interface between
paleoceanography and other geological fields adaesh, such as micropaleontologists

specialised in microorganisms that can be usect@rmte paleoceanographic records,

®l Deep time usually refers to time periods oldemtla@proximately 2.5 million years ago when the
glacial-interglacial cycles began. This conceptais interesting metaphor. As sediments tend to
continuously be deposited on the seafloor, lay@valayer, the deeper you drill through sedimentary
layers, the older the sediments are. When scisnist the term deep time, they are referring tdabe
that sediments from millions of years ago are Ugtmiried deeper than ‘younger’ sediments.
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and geochemists developing new paleoceanographaxiest Each of these
subspecialisations are also sub-domains of paleogeaphy, being at a fractal level
below paleoceanography as a whole.

At this point it is important to remember that thespecialisations are at the collective
level of analysis. | am describing groups of indivals who share expertise on specific
aspects of paleoceanography. At the individual lleweientists usually have a
combination of specialisations in particular evetitae intervals, phenomena, archives,
and techniques. | will provide some examples tostiate this point. The first one is
from an interview with a paleoceanographer who wodn reconstructing abrupt
climate change that took place over the past milyjears. He specialises in using
marine sediments to reconstruct these events fogymrticularly in ocean circulation

changes and subsequent reorganisations of thetelsyatem:

Will: Ok, so, I'm a paleoceanographer who workstagiing to understand | guess the coupling
of ocean circulation change and climate change panticularly abrupt time scales, so sort of
fast changes in climate. So these are reorganisati@at occur in the climate system on maybe
hundreds or tens to hundreds of years. And we kitwaugh understanding the way in which
the climate system operates that those changestbaweolve ocean circulation change. So, my
research is really about reconstructing in the gpakense, so in time, in the past, different deep
circulation patterns and then trying to couple thesth surface records or other terrestrial
records to try and put pieces together the way hickvthese changes have occurred and how
that impacts on, yes, so ultimately the climate.

Tiago: What's the time interval you work on?

Will: I work on a range of time intervals in thegbalf we break down climate into different time
scales, as you're probably aware, there are otbital scales, which are hundreds of thousands
of years variability, so this is ice age to warne agclicity. So, | certainly work on those sort of
time scales over the last million or so years. Theork right down to this sort of time scales in
the last glacial periods where we have these abwarmings called Dansgaard-Oeschger
warming. So, | work on understanding those. Riginbigh to climate of the last few hundred
years, trying to reconstruct decadal scale, so ¢éngears sort of variability, marrying up the
proxy paleoceanographic record with the instrumestiaervational climate record. So, a whole
range. | don't do the same sort of deep time petisge | don't typically. | have in the past a
little bit worked on the middle Miocene and sortazfrly deep time perspective, but it's really
below some say millions of years, the Pleistocaterval, really.

The following quotation is from an interview with galeoceanographer with distinct
research interests. She specialises in an eveld@dctde Messinian Salinity Crisis,

which took place approximately 6 million years agothe Mediterranean. She has a
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narrow focus in terms of events and geographiosh.aShe also specialises in some

particular isotopic systems, i.e. strontium anddyaoium isotopes:

Tiago: What kind of archives do you use to genedata?

Lisa: | generate isotopic data. Mostly strontiurotéges but I'm also involved in neodymium
isotope projects.

Tiago: Do you work mainly on marine sediments oomider range of things?

Lisa: Certainly the isotopes side has been onlyimeaBut it's fairly odd marine conditions. So,
it's Mediterranean when the Mediterranean was vearly isolated from the global oceans. So,
it's what we call marginal marine settings, so it open oceans, in other words.

Tiago: Could you tell me broadly speaking aboutry@search interests. So, I'm trying to situate
the time intervals you're interested in, the datarses, the phenomena, etc?

Lisa: So, most of my research has been focuseth@Mediterranean during what’s called the
Messinian Salinity Crisis, which is an extreme @tm event which occurred between 5 and 6
million years ago, during which the Mediterraneanwmulated certainly 1500 possibly over 2
kilometres of salt, the extracted salt was aboutod¥he world’s salt. So, it's a big deal. And the
salinity at that time in the Mediterranean cleagbt extremely high. But it also varied a lot. So,
in fact there was a period when it was considerditdgher than it is today as well. In other
words it was a period when it was highly sensitiweconnectivity between it and the Atlantic.
And the reason it was so sensitive is because fwithe formation of the Gibraltar Strait there
were two gateways not one and those gateways \heténg). Gibraltar opened about 5 million
years ago, and when it did it restored pretty mthehconditions that we have today. So, it's that
period of tectonic restriction of the corridors wakhiis recorded by this event. And a lot of what
I've done is to generate data and to do with sommarical box modelling that tries to
reconstruct the hydrological balance budget of NMegliterranean during that period. In other
words to work out what’s coming in from the Atlantiwhat's going out into the Atlantic and
whether we can make that work in terms of what goeé the Mediterranean. So, that's my
main research interest.

Shared Contributory Expertise?

The section above provides hints that the diffetgpes of experts that contribute to
paleoceanography share, at least to a certaintexhair contributory expertise. Most
scientists working in paleoceanography that | ved had at least a basic training in
some geochemical and micropaleontological techsiquealeoceanographers, for
instance, usually know how to pick a few speciesnafroorganisms for geochemical
analysis and can run the sample through a massremeter when it comes to routine
technigues. Geochemists producing data on micridkdp$sr example, usually learn to
pick the species they need from sedimentary cdese micropaleontologists also
learn how to carry out routine geochemical techesjusuch as carbon and oxygen

isotopes analysis, at some point in their cargeasijcularly in the early stages when
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they are being trained. This means that at sonmet poitheir careers these experts had
some immersion in practices from other subspeegbif paleoceanography. One could
argue that this could help integrate the paleocgrapdic community as different types
of experts would be socialised in some of the teghes deployed by their peers which
would led them to acquire certain degree of countaby expertise in them. This would
result in them having an expert appreciation oheather’'s work and would facilitate

collaboration and communication.

This is not the case, however. These scientistenwéngaging in these practical
activities have immersion only in standardised pcas that could be taught to anyone,
including people from outside the community. Thesactices provide scientists only
with a glimpse of what other groups of experts toey do not help a great deal in
bridging the gaps between different expert comnmesitl will set out a distinction
between standardised contributions and domain-&gepbased contributions that will
help make this point clearer. It will also bring tight the importance of
paleoceanography’s domain language in linking diffié groups of contributory

experts.

Standardised Contributions

Standardised contributions are those that can bapetently performed without
mastering the language of the domain in which they being made. These tasks are
frequently delegated to technicians. In paleocempity, they typically refer to routine
activities involved in the collection of materiahdhin the preparation and analysis of
samples, such as the washing of sedimentary cones tle running of mass
spectrometers to carry out measurements with stdiseéd techniques. They are not
theory-free or ‘language-free’ as there can benguage about any activity, regardless
of how simple they are. People can, for instaral&, dbout washing a sedimentary core
in a more or less informed way, depending on how they understand this practice.

But it is possible to wash a core without mastetimglanguage of paleoceanography.
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This point can be better understood if we consither criticism of the distinction

between the material and the conceptual comporenéslaboratory put forward by
Latour and Woolgar (1979). According to them, adlterial components of laboratories,
such as mass spectrometers, microscopes, etch atecnow uncontroversial, have in

the past been the subjects of debates in thetliteraf other fields:

It would be wrong to contrast the material with ceptual components of laboratory activity.
The inscription devices, skills, and machines whach now current have often featured in the
past literature ofinother field Thus, each sequence of actions and each rowtiassay has at
some stage featured as the object of debate irhanéield and has been the focus of several
published papers. The apparatus and craft skidlsgmt in one field thus embody the end results
of debate or controversy in some other field an#tarthese results available within the wall of
the laboratory (Latour and Woolgar 1979, p. 66).

Standardised contributions have, therefore, fretiyéeen the subject of controversies
in the past, but these controversies were setttetl the laboratory procedures and
methods have become standardised. When certagequees and methods become
standardised they are taught as if they were trasa straightforward truths. At this
point, they will be transferred to technicians,dgts, or to whoever is in charge of
carrying them out without the need to mention laél tontroversies that preceded their
stabilisation. Once this point is reached standadicontributions become autonomous
from the fields of expertise where they originatéteir language might overlap with
the language of the field from which they origirthEnd with the field where they are

applied, but it will be purified from the theoredldntricacies of these other domains.

Standardised contributions are performed on thés lidstacit knowledge (Barley and
Bechky 1994; Barley 1996; Hong 2008, pp. 551-852Their complexity and the
complexity of the language about them vary dependimthe task. Even when they are
based on very simple procedures they still reqtact knowledge to learn how to
follow them correctly. As it has been pointed ohbwe, rules do not contain the rules
for their own application, therefore it is necegsar acquire collective tacit knowledge

to be able to apply laboratory procedures corrd€hllins 2010). This tacit knowledge,

°2 Researchers have provided illustrations of thiésstiat technicians have. Barley and Bechky (1994)
for example, set out an in-depth description of¢hsekills in medical science. Hong (2008) provided
examples of the skills necessary to carry out gemital analysis.
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however, can be transferred without the need tcerstand theoretical aspects of the
domain where the research is being carried ouhdrcase of paleoceanography this can
be exemplified with tasks such as washing corespaeparing samples. Washing cores
over sieves to separate the fine from the coaesgidn, for example, is a very simple

task that can be performed by any individual:

Tiago: Washing cores doesn’t involve any skill vawever? Any person could do it?

Shaun: Yes, anyone, there’'s no pre-requisitestiarglaces you can get school students doing
it in the summer because it's so simple. It's justd, spray, dip it into a jar. So it's very simple,
it's kind of standard factory work.

Another example of this is sample cleaning. Clegrsamples with chemical reagents
may require a lot of concentration and precisioat ib is also a relatively simple
technical task that can be quickly taught. One beoust working at the interface
between geochemistry and paleoceanography compadooking in that it is just a
matter of following recipes. These recipes havedovery carefully followed, but it is
not necessary to have any understanding of theitayegof paleoceanography to be able
to carry out these tasks:

Gabriel: Actually what we do, well it's quite teétal, and it's quite complex scientifically, but
what you're actually doing in the lab with your Haris very simple. It's just like cooking. It's
very careful cooking, very precise cooking, b @oking (laughter). It's just following a recipe
in the very minimal, in the very least it's justldéaving a recipe. I've got high school students
who have been able to do this kind of chemistrihim past. It's just add this much to that, add
that much to that. As long as you're safe and yod &f know what you're doing it is not a big
deal.

Standardised contributions in paleoceanography ialdade more complicated tasks,
such as running and maintaining mass spectromeldrese tasks are sometimes
delegated to technicians once the geochemical igpobs and methods have become
established. In other words, once they become atdisgd they can be learned without
becoming a full-blown geochemist. For an individdal be able to carry out these
activities competently it is necessary to havedhdity to make judgements related to
data quality and to how to repair the machines wheg break down. Similarly to other

types of standardised contributions, these judgémdepend on the acquisition of
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collective tacit knowledge as they have to be peréml according to socially shared
standards. But these judgements are also indepenlem the language of
paleoceanography. In routine analysis, such amtesurement of stable isotopes, there
are a number of checks that are used to make Barmass spectrometer is operating
normally. For instance, standards of known chemeoahposition are frequently run
through the machine and if the numbers producedhtietoo much from the expected
values it means that there is something wrong thiéhmass spectrometer. In this case,
the judgements that have to be made to work outthehehe machine is working
properly are based on a fully-developed and staliskzat methodology so that for one to
be able to make them competently it is not necgsgarspeak paleoceanography’s
domain language. These judgements can potenti@lyalnght to anyone who has
finished high schodf.

In terms of maintaining a mass spectrometer whstabished techniques are used, the
judgements that have to be made are also standdrdMaintaining one of these
machines consists of making sure the machine i&ingproperly and of being able to
identify problems and troubleshoot them wheneveessary. For instance, sometimes
there are leaks in the system and carbon dioxioi® fihe atmosphere enters into the
mass spectrometer. As a consequence, the resule @nalysis are contaminated. In
this case the problem has to be identified andiregha

When it comes to cutting-edge techniques measursmee much more difficult to
make and take much more time to be made. If thenique and the methodology are
yet to be established and standardised, they cdmmatelegated to technicians as
geochemists will have to work out how to make theasurements. If, on the other
hand, the technigue and the methodology are alrezsigblished, highly skilled
technicians can take on the task. Measuring baotopes in foraminifera shells is an

example of this. They are a proxy for past oceanypitth can be converted into data

*3 This does not mean that people running mass speeters only follow these standardised methods to
make these judgements. During my fieldwork | mehtecians who had already been granted their PhDs
in paleoceanography. For this reason, they cowdd ate their knowledge on the range of numbers that
should be produced by the mass spectrometer tesaslsta quality. If the analysis of a given sample

produced unexpected results they would check ifettveas any issue with the machine. However, this

was not a necessary skill for them to do theirgompetently.
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on past atmospheric concentration of carbon dio@adeon isotopes, however, are very
difficult to measure for several reasons. Firsthye amount of boron in foraminifera is

really small so that researchers need many motks sbg@roduce data than if they were
analysing, for example, stable isotopes. Secontdgron is ubiquitous in the

environment so that samples can easily be contaetin€onsequently, it is necessary
to setup ‘boron-free’ laboratories and to cleanghmples very carefully. There are also
difficulties in running the mass spectrometer as difficult to keep the level of boron

contamination in the machine low. For this reagbese machines are not always in
optimal conditions for running boron samples. Inirgerview a geochemist specialised
in measuring boron isotopes in foraminifera poinved that one of the most important
judgements related to these measurements relatiato quality as the machine is

constantly in sub-optimal conditions:

Tiago: Are there some specific kinds of judgemeh# you have to teach your students how to
make?

James: Yes, the critical one is about data quediafly. And that's kind of a hard thing to, you
have to be pretty careful but then you don't wanlbé too careful. So, the machine has sort of
three stages of operation. It's either crap, iitkeg ok, or it's really good. And when it's crap
you don't want to do anything, when it's ok thet'®n you want to get your data, when it's good
you definitely want to get your data. You might wam save your most precious samples until
it's working really well. But then that might methrat you're down there using the machine for
an entire week and you only get one day that ymktit's good enough but actually you could
have got data on every single one of those daystlndiata would have been adequate. It's
teaching people that it needs to be this good,rdoesed to be that good, but definitely it doesn't
want to be bad, but you got to make that judgerabout where you're sort of drawing your cut-
off. When you stop running the machine or when yauk through the night. That's one of the
hardest things to teach them.

Tiago: If it's hard, how do you go about it? Justbing it?

James: It's experience. They will make mistakesthag will spend three days waiting for the
machine to be perfect, and you'll be like well whad you doing? Or they’ll show you some
standard data and the standard deviation is .3fpemnd that's worse than, that's too bad. Why
did you go and collect all your data when your Blavas high? Or why did you go ahead and
did this when the machine was sub-optimal. So, thasn by their mistakes really. You can kind
of help them minimise the impact of those, but'ghtdite only way they learn.

These judgements on data quality can be made smetize basis of an understanding
of how a mass spectrometer works. In the case @bnb@nalysis, it requires
considerable experience in running the machinelaaadhing about its different stages
of operation. But an assessment on whether it iskimg well or not is based on

technical procedures. Standards here are crudiahkB are also useful as they show
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whether the level of contamination is highin this case, again, judgements can be
made on the basis of standardised procedureselgubtation above, however, there is
a judgement that depends on a broader theoretncirstanding of paleoceanography,
or, in other words, on having contributory expertig this field: the interviewee
mentions that a given student should have kepbhiser most precious samples for
when the machine was working at its best. This Ive®judgements on which samples
are more important than the others. These judgeraatbased on an understanding of
the goals of the research project, on the avaitaluf samples from certain regions, and
on the age of the samples. This means that if tivere a technician in charge of the
machine the researcher for whom the samples weng lamalysed would have to tell
the technician in advance about what samples shmuleept for when the machine was

in its optimal state.

Individuals who have the appropriate expertise &kenstandardised contributions may
improve laboratory procedures or methodologies. élew, this technical competence
does not enable them to develop new techniqueh, asinew geochemical proxies. To
do so, they would need to understand how the Esy#tem works, how different
chemical elements behave in different environmegtahditions, how to frame a
research project to develop a new proxy, etc. @ehé it is necessary to be socialised
in the language of paleoceanography and becomexpertein this field. When a
geochemist is developing a new proxy, the firsp s¢eto create hypotheses on how a
given chemical element will react to certain change the Earth system. The same
applies to micropaleontological techniques as measessary to have hypotheses as to
how certain species respond to environmental cleafggeochemist that | interviewed
who works on improving technigues and on applyingemt to address
paleoceanographic problems, when asked about hodevelop a new geochemical
proxy explained that the first step is to have pdtlgesis that an isotope or elemental

ratio will vary due to a climatic parameter:

** The standard procedure in geochemical analysfsraminifera consists of the fossils being cleaned
and dissolved in solutions and then run into masstsometers. Blanks consist of running these solst
without the foraminifera in them to check whethbe tmachine produce unexpected values due to
contamination.
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Tiago: In terms of the development of a new prag there a number of steps that you have to
go through?

Matt: Yes, | guess you have to first of all you éde demonstrate the potential. That might be
either in the laboratory, so you come up with a@aidso maybe this isotope or elemental ratio
should vary with some climate parameter. And fofall you got to have the expectation that
this is going to hold true. So, for instance, fomgnesium calcium that would be some
expectation that temperature will affect the lastestrain and the incorporation of things. So
you've got this idea that it might work. Then yoavie to show that it does work.

Only scientists who deeply understand the mechanisinthange in the Earth system
and how they affect different chemical elementsaewelop hypothesis on the potential
of proxies. In contrast, once the techniques anthoas for measuring a given proxy
are standardised they can be readily delegateddpl@ who do not have (interactional
and/or contributory) expertise in paleoceanographey will then be able to make
standardised contribution to paleoceanographicarebe but will not be able to make

domain-language-based contributions.

Domain-Language-Based Contributions

Several tasks in paleoceanographic research rebhemy able to speak the language of
this community. It is necessary to have a theaktioderstanding of the history of the
Earth system, of its main mechanisms of change oétite principles underpinning the

different techniques used to reconstruct past ¢éma be able to make a range of
informed judgements in a research project in paanography. | call contributions of

this type domain-language-based contributions.

The distinction between standardised contributiond adomain-language-based
contribution is relational. Processing a core isst@andardised contribution to
paleoceanography because it does not depend onkirspeshe language of
paleoceanography to do it. However, as it has hmmnted out above, there is a
language, although a very simple language, abadaegsing cores. If people processed
cores just for the sake of doing it, in other wondist were a goal in itself, then this
would be a domain-language-based contribution. l@nother hand, from the point of

view of paleoceanography, processing cores is radatdised contribution. There are
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several other practices in this domain that demandn in-depth understanding of the of

the paleoceanography language to be competentigdarut.

Domain-language-based contributions in science ritejp@ an in-depth knowledge of
the scientific literature. If scientific theoriekange, these judgements also change. For
instance, paleoceanographers interpreting a climaterd that they have generated
have to be immersed in the relevant literature écable to assess whether their data
reveals anything new, controversial, or trivialllBwing the literature, however, is not
simply a matter of reading papers when they conte AsI Collins and Evans (2007)
pointed out a huge number of papers are publiskedye/ear and many of them are
never read by anyone other than the editors ofdahmenals where they were published
and by their reviewers. If one wants to make dontanguage-based contributions one
has to understand how the relevant community etedudifferent papers. For this
reason, it is essential to be immersed in the comiywf experts. If a layperson
randomly finds scientific papers or theories on ititernet and reads them, he or she
might end up with a very misguided idea of whateskpin a given field believe (e.g.
Weinel 2007).

Weinel (2010) pointed out that scientists usualgketwo types of judgements when
they assess the scientific literature: technicdggments and social judgements. The
former relates to whether, from a technical pointiew, a given paper is a relevant and
sound piece of research. This includes judgemezitded to whether the scientific
community believes the paper is the result of d wedried out research; whether the
data presented are reliable; whether it is metlomcdlly sound; whether it dialogues
with the relevant literature; whether it has a gigant contribution to the literature or
not, and so on. Secondly, scientists also makeejuaggts based on domain-specific
discrimination (Weinel 2010, pp. 159-160), whichane that they also evaluate papers
on the basis of social criteria. This includes dagtsuch as the status of the authors of
the paper within the scientific community; whethke authors are regarded as good
researchers or not; the prestige of the univensitgre they work; how dense their
networks within the community are, and so on (@sllL975; Shapin 1994; Collins and
Evans 2007, p. 50 footnote 10; Weinel 2010).
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The stage of research in which domain-languageebemeatributions are most evident is
during the interpretation of data. As pointed out the previous chapter, data
interpretation depends on a deep knowledge of isterly of the Earth system, of its
main mechanisms of change, of the principles undeipy the proxies used to generate
data, and of the different data sets that coulg lelerpret a given data set. For a
scientist to have this knowledge it is essentiddep up with the cutting-edge scientific
literature in paleoceanography. There are sevénar steps in research that depend on
them, such as choosing a site to collect samplespsing samples for analysis,
choosing the appropriate techniques to addresseanmeh question, improving research

techniques — as it has been exemplified aboved-saron.

In the case of choosing samples, for example,a@sgential that researchers can identify
the composition of sediments and link this compasito the state of the Earth system
when the sediments were deposited. At this poipesxudgements of similarity and
difference have to be made. Researchers have o #modifferent types of sediments,
such as white limestone, marlstones, black shakes, and be able to identify them.
Distinguishing between types of sediments is anedige that involves somatic and
collective tacit knowledge. It involves somaticitdmowledge in that the researcher’s
eyes have to be trained to identify the differenicesveen the layers of sediments. It
also involves collective tacit knowledge as it eessary to apply a collectively shared
system of classification of sediments which invelwale-following. The point here,
however, goes beyond just classifying layers ofirsedts. Changes in the type of
sediments indicate changes in the environment, whésearchers have to take into
account when sampling. These are crucial informatiod researchers can only link

sediment types to the environment if they undedstaow the Earth system works.

For example, during an interview with a paleoceaaplger with strong
sedimentological skills she pointed out that sangptannot be done by a person who
does not understand how to link lithology to Easylstem processes. This can lead to
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random data that do not capture signals that cheldclearly found by a skilled

researcher:

Wendy: For instance this meeting | was at last wieeBalamanca, one of the great criticisms
that the Dutch group had, the Dutch group do aidhe astrochronology, the time scale of the
thing of the Mediterranean, very, very effective\nd there was an Italian group and one of the
criticisms that the Dutch group has done is thatytfust take sample every 5 centimetres,
whatever, they don't pay any attention to the ldabg. And one of the things is that the
Mediterranean is very sensitive to climate changeabse it's surrounded by land, actually it
gives an amplified climate signal. And one of tlesults of that is that there's a lithological
response to climate variation and it's absolutehazing. You can correlate bed by bed right
across the Mediterranean back to 10 million yegrs &'s incredible. To find those cycles, they
are obvious when you look at the cliff. But they dary in thickness, because sedimentation
rates changes, and because all sorts of thingggehdinyou take samples every 5 centimetres
with no bearing on those lithological cycles, thactually you may well not pick them up
(laughter) because it's not that they are not tHmrethe periodicity within your data is kind of
you haven't paid any attention to where the cyakes And that's what the Italians were doing.
And funnily enough they are in real trouble andndpall sorts of bizarre things. But they were
not getting out cycles in a section where they waearly there. So, | think in answer to your
question if you do blind sampling you may end uphwibbish. You need to know about the
samples you take. You need to understand the sygtemn You have to know what you're
looking for or you don't see anything.

The point in this quotation is that it is essent@have an expert understanding of the
phenomena that took place in the Mediterranean tarezake informed judgements on
how to select samples in this area. A consequeht@sois that this task could not be
delegated to a technician or to a first-year geplstydent who is not fluent in the
language of paleoceanography and on how to lirkklthguistic understanding of how
the Earth system works to changes in sedimentacigsroln other words, this is a
domain-language-based contribution (see appendiix B more detailed example of the

variables that affect sampling in the Mediterranesgion).

Communication through the Domain Language

This distinction between standardised contributiomsd domain-language-based
contribution is useful here because it reveals ithatnot shared contributory expertise
that mediates communication in paleoceanographypdsted out above, frequently
micropaleontologists and paleoceanographers are, & example, to run routine

analysis in mass spectrometers. This, however, doegive them very deep insights
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into the expertise of geochemists. This is becauken it comes to geochemical
technigues micropaleontologists can in general onfke standardised contributions.
What distinguish geochemists from other expertsattheir skills in running routine

analysis, but their expertise in developing newlyrtal techniques and new methods.
Micropaleontologists and paleoceanographers cadoahis because this is not their
area of expertise. They do not have a direct graicengagement with geochemists
practical activities. What mediates interactionsd atlata sharing between these

communities is paleoceanography’s domain language.

An alternative explanation could be that paleocgeauhy is an inter-language trading
zone in which experts would communicate throughndéer-language, be this a pidgin
or a creole. This is not the case. Inter-languages trade languages which are
developed to mediate interactions between diffesectal groups so that local trade is
possible. As Galison (2010, p. 32) has pointed toaling zones are intersections

between domains, where meaning is not fully shared:

The key concept here iscompletecoordination. | hand you a salt shaker and in emghayou
pass to me a statuette. We may agree to the trade -€do not in any sense have to agree to the
ultimate use, signification, or even further examwvalue of the objects given. Tbaly thing

we have to come to accord about is their exchaniggabVhile for me the statuette may be a
religious object, for you it could be a purely &esic or functional one — on this we dot
have to agree. We strip away meaning and memory wigepass the object to a trading zone.

Paleoceanography currently is a consolidated domaiin its own language and a
number of stable institutions that sustain it, sashconferences, journals, research
groups, and so 6n It is not a domain where a trade language previtiierent experts
with the possibility of communication without futtutual comprehension. The different

types of contributory expertise that make up tlumdin have detailed understanding of

% Arguably paleoceanography might have emergedrasudt of a trading zone between scientists with
backgrounds in different Earth-science disciplinesjch as geochemistry, micropaleontology,
sedimentology, oceanography, and so on. Tradinguiages might evolve and become full-blown
creoles, which are the language of new and autonsrdomains (Collins et al. 2007). There is however
no detailed history of this field written so thatly further research will indicate whether this mmure

is plausible. However, this is not crucial informatfor the present work as | am focusing on theent
state of paleoceanography and not on its history.
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what other contributory experts do. This wunderstayd is provided by

paleoceanography’s domain language.

| have already alluded to what the paleoceanograamyain language is about in the

previous section. It includes several elements:

» How the Earth system works, its mechanisms of charmnd how these
mechanisms could have brought about changes indgliasites and in past
oceans.

* The history of the Earth system and how its climatel its oceans have
changed through time.

» The different techniques used to produce paleoaggapbic data, including
geochemical, micropaleontological, and others, suash sedimentological
techniques. This includes a general understandinghat different research
instruments do and of the principles behind thesgation of paleoceanographic
records. It also includes knowledge on the strengtid weaknesses of different
techniques.

At the collective level these different elementstlué paleoceanography language are
intertwined. Conversations about processes thdt pace in the Earth system are
dependent on the data sets and techniques thausedeo produce knowledge on these
processes. Similarly, paleoceanographic data ordites sense if they are related to
wider Earth system processes. At the individuatlene might find a great deal about
the history of the Earth system in textbooks, faample, without any link being
established between this information and the datadyztion techniques used to
reconstruct this history. Similarly, one might n®asttechniques used in
paleoceanography but deploy them to address guestiodifferent research areas. For
example, some geochemical techniques, such asceadon dating, can be used by
archaeologists to date prehistoric archaeologi@knal in a context disconnected from
paleoceanography. In paleoceanography, howevescightists have to be fluent in all

these aspects of this language to be able to makaid-language-based contributions.
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As pointed out above, for geochemists to develow a@alytical techniques it is
necessary to have an in-depth knowledge of howgd®sain the Earth system might
impact particular geochemical proxies. Similarly,icrapaleontologists have to
understand how changes in the Earth system amecred in their samples. This does
not mean that all scientists who contribute to ped@anography have an in-depth
understanding of the functioning of the whole Eaktem, but that they have a general
understanding of its main mechanisms of changeeological time scales and an in-
depth understanding of those processes they amdabped in. It is during data
interpretation, however, that the need to mastértled different aspects of the
paleoceanography language reaches its apex. Dudgprigtation relies on bringing
together data produced with several different tephes. For scientists to interpret
particular records they have to be able to makeesehother records that help them fit
their own data into the big picture. To do so, thegd to understand the limitations and
strengths of each technique, the caveats involuetth@ir application, where potential
errors could be, the status attributed to partrcidehniques within the community, and
so forth. This means that being able to spealp#ieoceanography’s domain language
implies that each type of expert has to have iotenaal expertise in the techniques

deployed by other experts. Some examples of tHmado

Micropaleontologists and paleoceanographers usthalye no contributory expertise in

improving geochemical techniques. However, theyeheneractional expertise in the

production of geochemical data, which means they tlave a linguistic understanding

of the principles behind proxy measurements, thénmaaknesses and strengths of
particular techniques, and so on. This is essefbialthem to be able to integrate

geochemical data into their own watkThe following quotation of an interview with a

micropaleontologist specialised in foraminiferamypdifies this point:

*® In paleoceanography scientists use ‘raw’ data wred by using techniques they do not have
contributory expertise in to help them interpretithown data as well as data that has already been
processed and calibrated. In both cases, it isssacg to have interactional expertise in how tlxigads
produced. If they are using ‘raw’ data they willafly have to process and calibrate the data thiease
which is part of the contributory expertise in mpesting data. When they use data that is already
processed and calibrated they have to understandtéps involved in doing so so that they undedstan
the weaknesses and strengths of the data set.
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Tiago: Are you also interested in geochemistry?

Sian: Yes, | have to understand geochemistry, pné¢ation level at least. I'm trained to
understand and use routinely stable isotopes fayaniinifera. I've got training for trace metals,
but not very high level, | have to be honest. I\krfeow to prepare samples and | can make sense
of the numbers I'm getting, but I'm not an expedid some collaborative work with people
working on organic geochemistry from sediments. Bgain this is not giving me such an
incredible expertise. But most people | think i field know about organic geochemistry or
other proxies. | think it's quite common in paléomate now if you're specialising in one aspect
you know quite a lot on all the other aspects dépelimate.

Sian points out that she does not have much combry expertise in the generation of
geochemical data. She only knows how to prepargksnfior carrying out trace metals
analysis (which is a standardised contributionatepceanography). She states however
that she has to be able to interpret geochemidal. déiis is because, as pointed out
above, to interpret any paleoceanographic data riecessary to bring together data
from several different proxies. This is a cruciaim. In the case of geochemical data
for scientists to be able to interpret them theyndb have to know all the laboratory
details behind the production of these data. Trexeho understand the principles that
underpin the generation of geochemical data, sscWwhat environmental phenomena
affects the archive on which the data are producseldat the uncertainties and
weaknesses of the data set are, and so on. Theh&cSian knows how to prepare
samples for trace-metal analysis, however, is eatly relevant for the purpose of
interpreting trace-metal data as this is a stanskgdcontribution to paleoceanography.
To interpret these data it is necessary to havmauibktic understanding of what a
geochemical proxy is and what it responds to. meotvords, it is necessary to have

interactional expertise in the proxies that willibeegrated into the data interpretation.

Even scientists who have very little laboratoryllskcan make sense of geochemical
data, which is further evidence that being involweith generating these data is not
really essential for interpreting them. An examplethis is a micropaleontologist

specialised in nhannofossils:

Tiago: How well informed are you about these otlgpes of proxies, archives, etc., that you try
to integrate with your work.
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Tina: | have to be really well informed. | havelte informed as to how you generate them. But |
don't need to know necessarily the specific lalaittetl have to know what their limitations are,
what any potential errors there might be with thamg | need to know what is controlling their
changes in order to be able to use them, if | wanise them, if they are reflecting temperature,
or if they are reflecting salinity, or whatever., $tave to know what the controls are. So, in that
respect yes | have to be very well informed on ¢h@xords that I'm using, yes. But | don't have
the expertise to necessarily generate them my&etf.| would also obviously talk to the people
who have generated them to understand like if the@mething slightly strange about them why
that might be, if there's a kind of coupling whytl&t there, and kind of help get real sorts of
specifics, so accuracy of the machine, errors,odyaribility and things that | need to get help
with that and obviously ask for advice.

Tiago: I'd guess that when you read a paper prgbgatli’'ve got uncertainty ranges, error bars,
there some numbers there, but there’s more tait jhst these numbers.

Tina: Exactly, that's part of why we are in a growhy we don’t work remotely. A lot of it is
that we do need to talk to each other. | go andt@alRichard about how he might generate an
age model. But what | want to say is well actudlbyv certain are you? Is that completely clear-
cut? Or he might say well actually there’'s a litttere uncertainty in this particular interval
because of this. But | suppose that the point idewhunderstand what he gives me, | also
understand probably the questions that | needkdias in order for me to be able to use it. And
obviously get information from him. That's why itreally necessary to kind of have these types
of groups that are really diverse in their expert&nd talk.

The interviewee makes two interesting points irs tuotation. Firstly, she does not
understand all the laboratory details involved enerating data produced by other
people that she uses. In other words, she doesveot have the contributory expertise
to make standardised contributions in paleoceapbigaresearch such as producing
geochemical data in the laboratory. However, siiehgts to be very well informed
about the principles behind the generation of tlasta sets, the weaknesses and the
strengths of the different techniques. She alsoncented on the importance of working
in a group so that she could talk to colleagues Whd contributory expertise in
producing data using these other proxies. In tasecthe transmission of knowledge
would be linguistic as it would be through convéises and not through the practical
acquisition of new skills. In other words, her mmptieetation of geochemical data is based

on her interactional expertise in the principlekibd the production of these data.

The same idea applies to the other contributoreggpn paleoceanography. They also
have contributory expertise in a narrow set of ficas, but have an interactional
expertise in other practices. An example of thia geochemist specialised in Uranium-
thorium series dating. He applies this techniquseteeral archives, such as sedimentary
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cores, corals, speleothems, seawater, etc. totldee He also keeps up with research

related to other proxies and archives.

Tiago: So, in terms of other proxies and archived tyou don't work directly on them. Do you
also try to keep up with the work that's being donghem?

Matt: Yeah, you have to, really. And the way youthis is essentially by going to conferences.
You pick up the idea that people are working on eitning at the conference and you then you
look at the paper later on. It's really importamkeep abreast of what's going on in other fields
because when you then try to use other peopless/pezords to help interpret yours then you
really do need to understand all the caveats aplolggms with those other records because if you
take them blindly at face value then your interatien can potentially then just be wrong.

In other words, by going to conferences Matt haguistic immersion in subcomunities
of paleoceanography that generate data on proxdsah no contributory expertise in
and by doing so he acquires interactional expeitiggher proxy systems. In an email, |
asked him for an example of a proxy that he wasgnaiting with his own work that he

did not work directly on:

Matt: The most relevant example | can think oftis Mg/Ca paleothermometer. | do not work
directly with this but we are putting together g@awhich will compare our data to sea-surface
temperatures inferred using this tool. We are pcodu a record of the intensity of past
interglacials in Siberia, which is of great impaorta due to the potential of methane release from
melting permafrost. We are comparing our recordh\ddta of tropical sea-surface temperatures.
When doing this it is important for us to take aatiof the limitations and potential pitfalls of
the Mg/Ca technique. Specifically the effect tharbonate ion and salinity have on the
conversion of Mg/Ca measurements into paleotempesit | have been made aware of these
caveats through conference presentations which thevedirected me to read up on the relevant
literature.

In sum, the different types of experts who contiégbio paleoceanography do not have
contributory expertise to produce records usindyglés of paleoceanographic archives
and proxies. They specialise in certain archivas taeshniques. Micropaleontologists,
for example, have contributory expertise in distishing between a large number of
fossils. Geochemists and paleoceanographers, oatliee hand, usually have a much
more limited knowledge of microfossils’ species 8wt they cannot carry out

micropaleontological work. In other words, they canh make the whole range of
judgements that a micropaleontologist can make wihecomes to distinguishing

between microfossils species and linking these igpet¢o particular types of
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environment. Even within micropaleontology thereaisdivision of labour, so that
micropaleontologists do not work on all groups ofchmorganisms. They usually
specialise in particular groups. These differemugs of experts, however, understand
the weaknesses, the strengths, and the principleadb the several techniques that they
do not master. Some techniques are so widely ssmth, as the measurement of stable
isotopes in foraminifera shells that most, if ndt @members of the community
understand linguistically the geochemical princpleehind these techniques very

1. There is therefore a shared understanding @faat the most popular techniques

wel
within the paleoceanographic community and this ewsidnding is part of

paleoceanography’s domain language.

Maintaining the Domain Language

For this domain language to be maintained it isesasary that the different groups of
contributory experts that make up paleoceanograpteyact on a regular basis. This
happens in a similar way to other expert commuiti€ollins (2011, p. 277), for

instance, pointed out that members of the graviayes physics community meet each
other in several meetings, workshops, conferendesrevthey talk about their most
recent work. Furthermore, they also exchange ensdilsre data online, and participate

in video conferences.

In paleoceanography, the situation is very similarmost university departments |
visited, the different types of contributory exmevtho contribute to this field had their
offices in the same corridors or at least in theeduilding and would frequently talk
to each other about their work. They also freqyemtrite papers together. In
paleoceanography scientists rarely publish singteaaed papers. Labour is divided so
that individuals with different types of contribuyo expertise can integrate their

expertises to address research questions. ThissndiKerent types of contributory

" These proxies are so widely used because theyeayewell established and quickly applicable. They
have a long history having been used in paleoceapbyg since about the middle of the™2€entury
(McCave and Elderfield 2011). Furthermore, oxygsatapes can be used in association with other
techniques to generate age models for sedimentaeg ¢Lisiecki and Raymo 2005), which makes them
very useful for a wide range of experts.
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experts work in close collaboration. They also meetepartmental research seminaries
and in several conferences per year where theyeprabeir work to their peers.
Furthermore, there is a great deal of informalvétets in conferences, such as coffee
breaks, dinners, where experts talk informally akbeir work. In all these situations
they meet members of their research networks wadased in other universities and in
other countries. It is therefore a routine actifity them to interact and to collaborate
among themselves. All these interactions keep thesintists immersed in
paleoceanography’s domain language and help the geswgrations of experts to be

socialised in the language of this community. Tkegp this domain language alive.

Chapter Summary

In this chapter | have argued that paleoceanograpayow-fractal-level domain, being
composed of experts with different contributory estjgse that interact to produce
knowledge on past oceans and on past climatesvd painted out that it has a rich
technical language that mediates the communicabetween different types of
contributory experts. To do so | drew a distinctioetween domain-language-based
contributions and standardised contributions. Tmssinction is useful for two reasons.
Firstly, the notion of domain-language-based cbatrons shows that although it might
appear that in paleoceanography different contityutexperts have a practical
understanding of each other’s research activithgs,is not the case. Members of this
field actually have interactional expertise in the@ers’ processes of production of data.
Secondly, domain-language-based contributions deparbeing fluent in the language
of paleoceanography. Consequently, all scientits are members of this community
have to be fluent in this language. This gives meupport to the idea that
paleoceanography’s domain language is the main ameiin of communication within

this community.

This is not to say that there cannot be other nmeshes of communication at work,
such as boundary objects, in paleoceanographyinbtance, a mass spectrometer could
be regarded as a boundary object in this field. gamchemists these are machines in

which they can run sophisticated measurements anelap new analytical methods or
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techniques. They also use the data they produbetter understand paleoceanographic
phenomena, but their main goal is to develop thethniques and to make better
measurements. In the case of paleoceanographetbeasther hand, the meaning of
these machines is different. They are used witiew ¥ obtaining numbers useful for
advancing paleoceanographic knowledge. Their usleenfi is much more instrumental.
For this reason, paleoceanographers frequently thgienicians to run their samples.
One of my interviewees drew this distinction velgacly:

Ben: | think there’s one thing that being an is@tggochemist is that we're very focused on data
and data quality. And lots of the things we do iftstance here is cutting edge, trying to do
things differently. Measuring carbon isotopes angygen isotopes is not challenging. If |
compare something that we do or something | do fibie geochemist works in a department
with a strong geochemical orientation] comparedthat [people in a department with a stronger
paleoceanographic orientation do], there’'s a loterfocus on the analytical part. | think for
some people doing that is just about sending theks away or giving to a technician, getting
the numbers. In my work there’s a lot about bedmgthe machine, trying to improve my
measurements because it all that matters in thefaenthe work | do, that | can measure well,
and it's not easy to measure, which means thathgwe to do a lot of development to get your
measurement right. You can easily spend, in my &ieXirst two and a half years | just used to
develop and improve techniques of measuring to nitaletter than it was before because then
you can answer your guestions

Mass spectrometers can therefore be regarded asléryuobjects in paleoceanography
as different groups of experts attribute differemtanings to them. Their having this
characteristic  certainly facilitates interactions etvileen  geochemists and
paleoceanographers. However, paleoceanography’saidomanguage is far more
important for understanding communication in thentext than boundary objects,
which have much more relevance in situations in ctwhheterogeneous expert

communities know little about each other.
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Chapter 6 — Collaboration within a Medium-Fractal-Level Domain:
Fractionated Trading Zones and Interactional Experise

In the previous chapter | have examined paleoceapbyg as an example of a low
fractal level and argued that its domain languageéiates communication in this field.
In paleoceanography communication between diffenitributory experts usually
runs smoothly. In this chapter | will examine af@iént configuration: a fractionated
trading zone formed at a medium fractal level. As$ tevel, the shared language spoken
by all members of this domain is not as dense devirer fractal levels, such as the
domain language that mediates communication inopaknography. It does not enable
different types of experts to have informed conagoms without building bridges

between their domains.

N

Paleoclimatology

Study of causes and processes
of climate change

Research into
& modern climate

Climate modelling

*— Paleo-modelling
Paleoceanography iﬁbi <

Figure 11: Paleo-modelling, paleoclimatology ankpeeanography in the fractal level. The arrow [®in

to the fractal level that is examined in this cleapt

I will examine the interactions between paleo-mieds] i.e. computer modellers who
apply their models to paleoclimatic research, aalégxrlimatologists, with a particular
focus on paleoceanographers (see figure 11) asglory fieldwork | concentrated my

data collection on paleoceanography. Paleo-modellaowever, collaborate with
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members of different subspecialties of paleoclinuvafy, therefore much of the data
collected on modellers are not only about theerattions with paleoceanographers but
also about paleoclimatologists at large. The fdeat tmost of my data on
paleoclimatologists come from a study on paleocgeaphy does not represent a
problem here. A significant number of the intervé®s who contribute to
paleoceanography also contribute to other subfiefdsaleoclimatology. Furthermore,
most of the scientific meetings that | have attehdering my fieldwork were not
strictly in paleoceanography, but in paleoclimagylcas whole. The social patterns
found in paleoceanography when it comes to theant®mns of the members of this
field with modellers are very similar to those foum other sub-communities of

paleoclimatology.

Paleo-modelling and paleoclimatology are at theesénarctal level at a medium fractal
level: the study of causes and processes of cliclad®@ge. As | have pointed out in
chapter 3, this is a very diverse field of investign, being composed of several expert
communities (e.g. atmospheric physicists, oceampbgna, biologists, glaciologists,
paleoclimatologists, computer modellers, etc). aliph all experts at this level have a
general understanding of how the Earth system wadties different specialisations
related to focusing on particular subsystems of Eagth system, to particular time
periods, and to particular research techniquesentlad shared language spoken by all

these communities too generic too afford informechmunication between all of them.

Most members of the current generation of paleoetlexs have never produced data
and most members of the current generation of phlheatologists have never done
computer modelling. These different groups, theefdave little or no contributory

expertise in each other’s practices. There arepixues to this as | met a small number
of paleoceanographers who had run simple modelstéopret the data they generated
and in rare cases even Earth system models. Buhéomajority of the members of

these communities there is no shared contributoqerise between theth This

%8 Sundberg (2006, p. 56) pointed out that a sinstaial division of labour exists in the meteorology
department in Sweden where she carried out herogthphy. In this department modellers and
experimentalists rarely engage with each othesgaech practices. PhD students have been striging t
include modelling and data collection in their gaip, but have faced difficulties to do so becafgbe
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heterogeneity has given rise, as | will argue belaw some problems in
communication. In this chapter | will argue thaésk communities have engaged in an
effort to socialise each other mostly through tbguasition of interactional expertise so

as to communicate more effectively.

Before | move on to the next section, | will mak&eminological clarification. During
my fieldwork it was common to hear from my respamdehat there is a division in the
paleoclimate community between modellers and ‘@ataple’. According to them, data
people are empirically-oriented scientists thatdpie data, i.e. paleoceanographers,
geochemists, and micropaleontologists as well asnlmees of other subfields of
paleoclimatology, such as dedrochronologists, @mers, and so on. Modellers, on the
other hand, are scientists developing simulatidnthe climate system in computers,
which bring together different data sets. In tmainder of this work, the term data
people will be occasionally used to refer to thepeiwally-oriented scientists who

contribute to paleoclimatology.

Paleo-Modelling

Paleo-modelling is a subfield of computer modelliogmposed of modellers who
simulate paleoclimates to better understand presesisclimate change in the past. This
is a very small group of scientists compared te@atanographers and to modern and
future climate-change modellers.

Paleo-modelling can be subdivided into subspeemliviost paleo-modellers specialise
in a specific type of model. There are differentey of paleo-models including, for
example, statistical models, box models, and GCHBisatistical models correlate
climatic variables to find statistical patternstive way they interact. For instance, a
statistical model could be set up to correlate emrajpire and sea level rise. Box models

are also relatively simple models. They represemtspof the climate system as

large amount of time necessary to master both ipesctAs we will see below, the same holds true in
paleoceanography.
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rectangular ‘boxes’ and simulate simple interadibetween those boxes. An example
would be two boxes where one would represent thenft Ocean and the other the
Pacific Ocean. The two boxes would be interconmeated their exchanges of chemical
elements would be simulated. There are also mamglex types of box models that

include several more boxes representing more mdrthe Earth system. GCMs, as
described in chapter 3, are tridimensional reprtasiems of the Earth. The planet is
divided into tridimensional grids and physical matetions between energy, flows of
gases, and liquids are simulated between themy-Eallpled GCMs, which include

representations of all parts of the climate systam,the most complex climate models

available.

There are other types of specialisation which a&alevant to understand the paleo-
modelling community. There are modellers specidlisegeochemical modelling and

others specialised in climate modelling. In theteghof paleo-modelling, geochemical
modelling consists of simulating the flows of cheati elements between different
reservoirs by using computer models. This can bre diy using models with different

levels of complexity, such as box models or intetiage-complexity Earth system

models, which, similarly to GCMs, divide the Eaiihto grids, but have a lower

resolution. Climate models, on the other hand, moglels developed for simulating
present and future climate change, such as GCMghvdre applied to past climates.
Although some of them also simulate geochemicakipsy such as oxygen isotopes,
they essentially simulate physical processes witignclimate system.

Paleo-modellers tend to be very eclectic whenme® to time periods as well as to the
events they model. Most of the paleo-modellers kimgtve interviewed were interested
in a wide range of geological periods and had besnlved in modelling a large

number of events. Yet, individual scientists tendspecialise in certain phenomena.
One of the scientists | interviewed, for instanbad done a great deal of work on
biogeochemical cycles, particularly on the carborlee Another one was very

interested in the history of the cryosphere, i@v lthe amount and distribution of ice in

the planet has varied through the Earth history.
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Trade at Work: Collaboration between Data People ad Paleo-Modellers

Paleo-modellers and data people currently havengtomllaborative ties. They setup
different types of collaborations depending on goals of specific research projects.

This is a collaborative trading zone.

Data people usually become interested in collabawyatith modellers to test different

hypotheses they have developed to interpret thaim. dThey sometimes are not sure
about which variables have triggered a climaticcpss. They might have several
hypotheses and the data alone cannot provide assageto which one is the most
plausible. There are several feedbacks in the tirsgstem and sometimes it is difficult
to identify which variable was the forcing and whicariables were the feedbacks of a
given event. In these situations data people samesticollaborate with modellers who
simulate how the Earth system reacts to alteratiortsfferent climatic variables. The

models then provide insights on the plausibilitypairticular hypothesis. Data people
also collaborate with modellers to select wheredbflect data. In order to work out

which areas are particularly sensitive to certgpes of environmental changes they

sometimes use models output to refine strategreddia collection.

Paleo-modellers are also interested in collabayatwth data people. They need, for
instance, to feed data into their models. In tleeses, they collaborate with data people
who review the literature and compile data for th&aleo-modellers use these data in
three ways. Firstly, they use data produced bygatiteatologists as parameters in their
models (see chapter 3 for an explanation on whakehmarameters are). Secondly, they
also need data to set up the boundary conditiotedf models. Boundary conditions
are parts of the Earth system that a model cartrasige during a simulation. Different
models and different models runs require diffetgpes of boundary conditions. Some
of this information comes from other subfields ebtpgy, such as data on topography.
Other types of information are provided by palenoggaphers or by other scientists
working on other areas of paleoclimatology. Thisuldo be, for example, the



151

concentration of C®in the atmosphere or, in models that do not haviully
represented ocean, sea-surface temperature. Fudiegr modellers need data to
validate their modef8. Once they have finished setting the models uy the them
and compare their output with data sets to checkthdr the model is producing

reasonable results. If not, the models have talhested.

Contributory-Expertise Heterogeneity and Communicaton between Data People

and Paleo-Modellers

T: Do you also do modelling, computer modelling?

Dan: No, no, that's another skill. It's its own Vebrit's a very different career path. It's a
different world.

As exemplified in the quotation above, during mgldivork it was common to hear
from my respondents that there is a division in padeoclimatology community
between modellers and ‘data people’. Data peoplaldvbe working closer to the
empirical world producing and interpreting data ve@s modellers would produce

simulations of the Earth system.

The first point to be made is that it is not the os non-use of models that differentiates
these communities. Although it is true that dat@mpbe have a stronger empirical
orientation, their production of data also involvemdelling steps. Geochemical
proxies, for instance, are based on conceptual lmadehow chemical elements are
exchanged between different reservoirs respondingjitatic or other environmental
changes. In this sense, scientists working on phieatologic problems cannot be
strictly divided into those who do modelling an@sk who do not do modelling. Most
computer modellers and at least part of the s@Eninvolved with data generation

acknowledge this.

% Oreskes et al. (1994) pointed out that from agsiiphical point of view models cannot be validated.
See footnote 33 on page 94 for further informatarthis point.
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There are other reasons that explain the heterdgdmetween these expert cultures.
Firstly, they use different research instrumentd as a result the data or output they
produce are not always compatible having differegolutions and coverage. This
brings about the need for data to be processedrebdfavelling between these

communities (see chapter 3 for more on data prowpssThe most relevant point here

however is the different contributory expertise déta people and modellers.

Paleoclimatologists tend to be very involved willlsgeps of generation of data. Even if
in different parts of their careers, most of thexket part in fieldtrips, prepare samples,
analyse them, interpret the data produced, andigiubiem. Paleo-modellers, on the
other hand, rarely become involved with any stepgaih generation. Their expertise is
in writing computer codes that represent climatiemomena, running their models,
assessing the results of models’ runs, interpretivege results in the light of the

literature, and debugging the models. In this sera#hough there are different

subspecialisations among ‘data people’, their domtory expertise is much more

similar to each other than to paleo-modellers’ dbotory expertise.

Because of the heterogeneity between these comesithere are some communication
difficulties between these groups, which are culyebeing minimised through a
process of mutual socialisatfin Paleo-modellers sometimes do not understand the
uncertainties and the assumptions involved in #reegation of paleoclimatologic data.
Conversely, data people also acknowledge that tleepot always understand all the
assumptions and simplifications made in differerddels. The following quotation

from an interview with a paleoceanographer is aangfle of this:

Tiago: How about the modellers, do you think they l@arning something from you or from the
group here or just getting the data and putting their models?

Tom: Well, similar. They are dealing | guess witte tsame problems that we have that it is
sometimes difficult to understand the amount ofentainty in the other domain. So, basically
because | don't understand really all the detdith® model | get an output and it's hard for me
to tell what the pitfalls of these results are. Aadthe modellers it's basically the same with our
data. We give them sea-surface temperature, fangbea and they could take that for granted

%0 Sundberg (2006) also found in her research inpardeent of meteorology that there are difficuliies
the interactions between modellers and empiricaldlgnted meteorologists. She pointed out that there
was a lack of communication between these group86,2p. 59). In paleoceanography, although there is
a divide in the community between modellers andigoghly-oriented scientists, there is a great dafal
interaction between these groups and they appéacr@asingly be able to communicate effectively.
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and just accept, ok, let's say twenty thousandsyago at that position temperature according to
the data was 20 degrees. But we know of coursetltbat's also a lot of uncertainties related to
the gathering of that kind of data, the geochemécwllysis, the whole set assumptions behind
that. So, that | think is one of the difficulties.

As | will argue below, by and large, these commanithave been trying to address
these difficulties by socialising each other. Sagsseies still remain in their interactions,
however. In some extreme cases some data peopteattagether dismissed modelling
as a legitimate research tool in cases where mddels generated output that did not
match their data. In the following quotation a pakanographer who collaborates
closely with modellers provided an example of this:

Wendy: There's a group in Leeds who also does plateate stuff. And there's a quite large
data, there are some modellers there too, but'thiére data, pollen and vegetation mainly. And
that was a very good example of this where theestutlad simulated the Miocene climate, she
got hold of their data and done a comparison. Axndaa as they were concerned because the
model didn't agree with their data, therefore ttedehl was wrong. And actually what she was
interested in was actually trying to establish hewalistic the difference was. Was there really a
difference between the data that they've got frieenlate Miocene sediments and the modern, or
the pre-industrial or whatever. And my collaborattemonstrated really quite clearly that
actually no there were these big errors on it &ed therefore, and as far as they were concerned
the model was wrong. So, that was a very clear pl@nAnd in fact what we've done and what
we're doing as a response to that is, it became heaited, and people said thing that perhaps
they shouldn't, is to actually split the paper. 8® paper will now be a paper mainly on
guantifying the uncertainties associated with dedta very little modelling in it at all. Ok? And
then another paper that will be about the modelirtgch will use that data set. Because she
perceived that it's easier to get agreement with gdaople on what the uncertainties are without
demonstrating that the models can't reproduce ivloatever. Do you see what | mean? It's
almost without the model it becomes less contesti@o, yes, there is your example. It really
does exist and it's quite difficult. And it is sitppa lot of the comments that we got in the emails
were things like why do you bother using this modgkn it clearly says crap (laughter). Kind
of missing the point. But there's this thing, tlisnplistic view of a large part of the data
community is that the models are there to genetsesame pictures the data tell you. And
actually that's categorically not what models aeant to do. Data is just part of the story, it's
not the aim, it's not the focus. They are usefdlgobut | think if you spend your life
reconstructing ancient climate then you think, fhahe end point.

Although there are still some difficulties in th&eractions between some members of
these communities, there are far more examplésewnn tcollaborating and valuing each
other's work. This is largely because paleo-modeglland data people have been
working hard towards bridging the gaps between tlieraugh a process of mutual

socialisation.
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Paleo-Modellers and Interactional Expertise in Paleceanography

To understand the bridges that have been built dmtwthese communities it is
important to understand when and how their intewast began to take place. | have
interviewed some paleo-modellers who pioneered fibld in the UK. According to
them, it was only in the 1980s that climate modslleecame interested in modelling
paleoclimates. They were then outsiders stepping alifferent field of science and
willing to contribute to it. | will not reconstrudhe history of paleo-modelling here as
this falls beyond the scope of this thesis anddbigdd be the topic of a whole doctorate
research. It is important however to point out tpateo-modelling emerged when
computer modellers became interested in past asndlost of them had a background
in mathematical physics. To do their job they hadeairn a great deal about the history
of the Earth system, about the main mechanismshahge in the Earth system in
geological time scales, and about the different dadts available on past climates.
These were basic conditions for them to setup theulels to simulate past climates. As
pointed out above, these are the three main eleantbat constitute the language of
paleoceanography. They had therefore to acquiegaational expertise in this field. As
a result, there is an overlap between the languaigeese communities. This mediates
communication between them when they are talkimggiablimate processes.

Although there is this overlap, there is heteroggneetween these communities as
well. Most modellers have not acquired any contobpexpertise in producing data nor
have they become immersed in the literature on dateeration. When they read the
data literature they focus on new interpretatiohgateoclimatic phenomena rather than
on the details of data generation. The followingtation by a GCM paleo-modeller
that | interviewed illustrates this point. He statery straightforwardly that he does not
keep up with the literature on data generationtri¢s to keep himself up to date with
the literature on paleoclimatic processes and hnggto conferences he keeps his

knowledge on the major trends in data generatioto ujate:

Tiago: Thinking about coming from physics and mtdgl the system, especially if you're
working across different time periods and differémte scales as well | would guess you would
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have to do a lot of work to catch up with the Eieire on the Earth system and what is known
about the Earth system during the Cretaceous onewtes?

Louis: Yes, that's right. As | said by focusing tite processes they are across periods, that's
why | can sort of cope with that. The things | ddréep up with particularly on the literature is
actually things like the actual data collectiondigse obviously there are loads of data coming in
from around the world in terms of all different asfs and keeping an eye on that. That's one of
the things | do, | think it's quite natural for paklimate modellers. [...]. One of the things | use
conferences for and yesterday, the past two daysavgood example, because by going to
conferences you get a good synthesis of what'sggoim And that’s the only way | can cope
because | can't follow every individual, | don'tae every single data collection for the early
Eocene. But what | do do is | go to conferencesrahdear Jim Zachos summarise the data for
the early Eocene and that's actually what | neezhbge that's the only way | can work. It's this
big-picture level. He showed some data points amp yesterday. | know what proxies mean. |
can tell you the strengths and weaknesses of thosdes. | could not tell you any special
circumstances for each data point because | hairedé¢tail read the precise paper. | basically
looked at the paper and said oh that’s it, it sSEXTmeasurement of 26 degrees, and that’s what |
need. | didn't read all the details of saying wieetthere’s anything special. | can't tell you the
precise dating methods they use and things like Because you just have to work, you have to
assume, it's true for all science in a way, youwrerking on the shoulders of giants in some
senses. You have to assume that the people wheztzallthe data knew what they were doing in
some sense. And people who then incorporated hobtgger picture knew what they were
doing.

This quotation exemplifies the point that most nilele have no contributory expertise
in generating data and that usually they do nopkee with the literature on data
production. For this reason, they are not able skenjudgements on the quality of
specific papers reporting on data produced on angtime period. They rely on data
people who have the expertise to make these judgsnh@ summarise the main trends
in the data literature for them. This usually hapgpat conferences. By doing so, they
keep their interactional expertise in paleoclimag®l up to date, particularly their
interactional expertise in processes of past cloratange. This means that they know
what relevance is attributed by paleoclimatologistparticular arguments and theories
put forward in the literature as well as they leabout the main trends revealed by the

data sets available.

With regards to having interactional expertise inXy systems used to generate data,
i.e. knowing the principles behind them, there iwider range of possibilities. | met
modellers who were very confident about their ustderding of paleo-data. Louis, in
the quotation above, for example, states that e ahgeneral understanding of the
principles behind the different techniques usedata production, their weaknesses, and
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strengths. In an email he provided examples ofumderstanding of different proxy

systems:

Louis: | would say that | have knowledge that soprexies have a variety of different
calibration curves and the reason for the diffeesne.g. for TEX, for del180 for Mg/Ca, for
CLAMP). In some cases | have my own ideas of thetivee merits etc (derived from doing my
own stats, etc). | also have an understanding ofesof the processes underpinning, but even
more importantly, | know when those processes aelp understood, e.g. | know the detailed
physics (I suspect better than at least a few ggsik) of del’O fractionation processes. | know
the basic chemistry of why Mg/Ca is a temperatui@xy | know that there is only a hand-
waving argument of why CLAMP works, and that thendvavaving argument also points to
other issues (e.g. that CO2 concentrations mayiafkence CLAMP but this is not taken into
account). | also know that the exact processescthratol the emissions of the compounds used
in TEX are not well know, partly because you carmdture the bugs

Furthermore, his linguistic understanding of thesdeo-data associated with his
contributory expertise in modelling enable him tevelop his own criticisms of

particular proxy systems:

Louis: I've touched upon this, but | will give yame detailed example. Leaf Margin Analysis
(LMA) and CLAMP (Climate-Leaf Analysis Multivariat®rogram, which | had to look up
because I'd forgotten what the acronym stood fard) related techniques to get a temperature
signal from analysing the structure of fossil legvspecifically their shape. The former is
simpler but only gives mean annual temperature/dtier gives more climate variables. In the
literature, there is a lot of debate about thetinadabenefits of each approach. The strength of
LMA is its very simplicity. The weakness of LAMP tisat although it gives more variables (e.g.
seasonal temperatures) it is harder to ‘scorefdksil leaves and is more subjective. Moreover
there is a lot of correlation between the climategiables and it is not clear if we are really
producing accurate estimates.

However, beyond the published debate, there acesamme other issues which | have debated
with the leaders in this area and we have not exhehsatisfactory conclusion. The first issue is
that there is only a hand-waving argument abeaittackground biophysics and it is related to
the structure of cells on the edge of a leaf. 1§ tis correct, | would argue that the logical

conclusion is that both methods should also inclG@® since it is known that the number of

certain structures on a leaf (stomata) depends ©2. Ohis would mean that you need a
different calibration curve for each co2. Nobody lyat given me evidence that this hypothesis
is not correct. More interestingly, | can suggesest of this by applying the method to more
recent time periods (Last Glacial Maximum, 2100@rgeago) BUT the experts have not taken
me up on this challenge!!! | cannot explain why.

A further problem is equally profound but unforttels | have not had time to publish it. | got
interested in the LMA issues and so worked withoeiad science statistician here at Bristol.
What we found was that the data suggest that LM @LAMP) are fundamentally flawed as
applied presently because they don't include ligi#ls (mainly dependent on latitude). What
we found was that if you did a regression at déferlatitudes, even the slope of the line
changed! This has potentially major consequenaethéinferences.
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The amount of interactional expertise differentepamodellers have in paleoclimatic
data is variable. Louis is very well informed abdifterent proxy systems because he
has been immersed in the data community for ardwedty five years, talking with its
members, and co-authoring papers with them. | aleb a paleo-modeller who was
even more deeply immersed in the data literatuae the one quoted above. This paleo-
modeller does intermediate-complexity biogeochehmuadelling. This is significantly
different from GCM modelling. His model has a sraaltesolution than GCMs and
poorer representations of certain parts of thehEsystem, such as the atmosphere. He
models geochemical exchanges between differens jpdrthe Earth system. Whereas
most GCMs include a few, if any, proxy systems,hsas oxygen isotopes, his model
includes a wide number of proxy systems. It canegsie as output simulated
sedimentary cores that would be found in certagasof the ocean. As his modelling
depends on understanding these geochemical precedse modeller has a much

deeper immersion in the data literature than maktgmodellers:

Jack: And so to do the paleo you have to build nedel, you have to build the whole
representational cycle from scratch. Often no onederstood properly the cycle. So, it's a lot
of reading and then, so you end up understandvingpdéo understand how the proxies formed
because you've got to put basically all those psses into the model. So aside from the vital
effects everything before the organism incorporatmething you've got to often understand
from scratch or by piecing together bits of therkiture. So you do get a really in-depth, or | end
up with a really in-depth view, hopefully an in-dlewiew just because | have to build the model
and there’s not an existing model around, existimglels of ocean lithium cycling that builds
for the future. So, it has to be bespoke and nedvtla@n you have to try and. No, you get really
close to the data because often many of the thhmags bits of knowledge in the literature about
how the cycles for instance lithium in the oceamsks is coming from the data community as
they are trying to understand the proxies and dexpgriments associated with that. So, you end
up following very closely the proxy or the proxyeeant literature.

This modeller, however, is an exception rather ttia rule in the paleo-modelling
community. Several of my data-people intervieweemted out to me that | should
interview him because he was quite an exceptiariahsist. His interactional expertise
in proxy systems was far above the rest of thegpaledelling community. In contrast,
there are paleo-modellers who have not reachednalepth understanding of data
production in paleoclimatology. The following GCMonrteller is an example of this.
Like the other modellers above, he has no conwifyuexpertise in data generation.
However, his knowledge of proxy systems is not véegp as the knowledge of the

modellers mentioned above:
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Tiago: So, when did you really start learning alihetpaleo-data?

Roger: Not really until | started a postdoc herbjolr was, | knew a little bit through a postdoc
that | had here on a project where the idea wésiild an Earth system model. And so from that
| learned a bit more about other components ofBEagh system, like the ice sheets and the
biogeochemistry, but still my focus was very muchtiee atmosphere and ocean, on the physical
climate. But | picked up a little bit on the paléotte at that stage. But it wasn't really until |
started a postdoc here about 6 or 7 years agally iead to learn about the paleo-data side. And
that was because my project was very much ther, pbatdoc was very much on the
paleoclimate side. It was basically it was a vergad project it was joint with the British
Antarctica Survey and it was trying to understamel @volution of ice on the planet over the last
50 million years. So sort of icehouse to greenhdteasition. And then | started at that stage
working very closely with the people at the Britishtarctic Survey and people at the USGS in
America and also people here in the Earth sciermsartment. And just from various
conferences and meetings and things that is wistgrted really learning a lot about the paleo-
data. Although | would say that if you've been tdblno you probably know a lot more about
the paleo-data than | do (laughter). I'd never bieme and still my knowledge of paleo-data is
somewhat lacking. It was basically this postdod #tarted about 7 years ago jointly funded by
the British Antarctica Survey when | really starggtting my teeth into the data.

The point | am trying to make is that paleo-modslldave variable levels of

interactional expertise in paleoclimatic proxiesisTlevel depends on their particular
research interests, i.e. what type of modelliny tthe@ and what type of phenomena they
simulate, and on the depth of their immersion ie thata community. There are,
however, several efforts made by these communiiesutually socialise each other, as

it will be argued below.

Data People and Interactional Expertise in Paleo-Madelling

Similarly to what has happened in the whole of elieachange science, computer
modelling has grown in importance in paleoclimaggi@ver the past two decades (see
chapter 3 for more on this). Data people have h&bto learn about modelling to be
able to collaborate with paleo-modellers. Their kvaras facilitated by the fact that
modellers were already acquiring interactional etge in their domain so that both
communities were equally well informed about meddras of climate change in
geological time scales and about the history offtagh. They had therefore to acquire
interactional expertise in computer modelling, jgatarly in the models used to
simulate paleoclimates. Different members of thenmwanity acquired different levels

of interactional expertise as different researcherge been more or less involved in
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collaboration with modellers. But it is a generainid that data people have increasingly

been learning about paleo-modelling.

The following quotation is an example of this. Agmceanographer points out that he
has no contributory expertise in modelling, bushk can bridge the gaps between their

expertises through language:

Mark: | suppose a good example of that would be nwhavork with climate modellers. |
couldn’t run a climate model simulation and | coutdnterpret the code. I'm not a very good
computer programmer because | haven't done muclpetanprogramming. So, | couldn’t start
to reprogram a climate model or understand exagtly a climate model is producing some
particular result. But | can ask the modellers i that your climate model has such and such
feature and they can usually explain in plain Bfglwhy that would be the case. So, | was
saying it's not about limited understanding b @bout limited expertise.

The following paleoceanographer make a similar {poin

Tiago: So, when you collaborate with modellers tuol extent do you try to be well informed
about the codes?

Robert: Not the codes because | don't have tinietable to go into the code and identify sub-
routines that relate to coupling of ice sheets tbafctica temperature or something. There's no
time to do that. But what | seek to understand &sk lots of questions to modellers because |
want to know what they've parameterised, what la@enteaknesses, what are the strengths, what
are the things that we may need to carry out aitbatystest on them. What is the physical-
evidence base to support the way in which the nmtekn built.

The following quotation is from an interview withpaleoceanographer who worked in
a multidisciplinary project with paleo-modellerd)ygical oceanographers, and climate
modellers, to better understand ocean circulatioran area in the southeast of the
African continent and its coupling with the resttbé climate system. When | asked
him about his collaboration with modellers he pethbut that he also did not know
much about the codes and equations underpinningatgi models. However, he was
well informed about the strengths and weaknessiftdrent models. He also pointed
out that communication between him and modellers m@ problematic because they

all knew about the processes they were researching:
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Tiago: I'm particularly interested in this collabton with modellers because | know that
nowadays modelling is a big thing. In a way in @bm science everybody either depend on
modellers or wants to work with them. In this sfieagollaborations how well informed are you
about the setup of the models and how well informeg/ou think the modellers are about your
own work?

Nick: [...] How well do | know the model? Ok, that® ongoing process because we're trying
something new. It's a learning curve for both sid&s I'd say at the moment not particularly
well. | understand the basics and understand tHereint modules within the computation
schemes to a broad extent. And understand the itiipatof the model and the weaknesses and
the strengths of the model. And | can understardaghproach that we're taking and we're only
getting involved in those sorts of discussions. Bytou ask me to go in and say look there's
some dissipation factor that's wrong and you neeadhange the coding, then that's not what | do.
And equally from the modelling side, the modellaiso we are working with would certainly
understand the proxies in a conceptual way. Sbyagust described carbon isotopes they would
be able to tell you the same thing. If they coultkgorams and understand how to run a stable
isotope mass spectrometer? No. But equally theyldvanderstand the uncertainties around the
proxies, which are important things for the modsllé’ou don't need to know the full details of
each other disciplines to be able to effectivelyatmrate.

Tiago: And this learning process, how are you ga@ibgut it? Just by talking and reading?

Nick: In essence, yeah, to a large extent certaailking and readingdon’t forget that because
it's process based we all understand the processdswve’re trying to tackleThat's a common
ground for us to talk about. The problems and thercome at it from our different disciplines,
which makes it easier. So, yes we're reading aldntg but equally we have workshops, we
have summer schools within this project for examplee last summer school we had, we had
all of the Pls, myself, the modellers. So, we gaweoverview of the, in my case the proxy
world, and people were talking about the modernspd®} oceanography. Yes, basically all of
these different kinds of, the modelling world, as entry level kind of, yes, this is what the
model configuration is and this is what it can dod so forth. And | presented, for example, all
of the proxies in ocean circulation, what the tldioal basis is for those proxies, the
weaknesses, the strengths, etc., etc. So, we migsthike that (emphasis added).

Data people, therefore, usually have no contrilyuexpertise in writing the codes and
the equations necessary for the setup of paleodsmodéost of them, however,
understand the main strengths and weaknessesfefedif types of models or seek to
learn about them when collaborating with modellgmough talking to them. This
understanding most of the time is linguistic asadagople usually do not run models
themselves. Interactional expertise, therefore, iatesl their collaborations. As |
pointed out above, the level of interactional ekiperis variable as data people might be

more or less involved in collaborations with pataodellers.

There is another element that mediates these atiiena. Data people can make
judgements related to how effectively the modetsusate the climate system because
they understand the processes modellers simuldteantherefore assess how accurate
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the simulations afé This is because originally this was part of targuage of their
community, i.e. the mechanisms of change in thaéhEsystem and how they have
affected paleoclimates over the Earth historyhis sense, the fact that paleo-modellers
had to acquire interactional expertise in palecatotogy also made it easier for data

people to interact with them.

Developing a Trading Zone: Mutual Socialisation athe Community Level

There are different efforts made by paleo-modebers data people towards developing
interactional expertise in each other’'s domain, ticeimprove mutual understanding
within this trading zone. At the community levdigte is an effort to educate the new
generation of paleo-modellers and paleoclimatotegiso that they become well
informed about each other’s fields. In the quotadiin the previous sections there are
some indications of this. Nick mentioned that hgamises summer schools for the
participants of the interdisciplinary project herk®on and in these meetings different
experts provide each other with an overview ofrtlogin fields so as to improve their
understanding of each other’s work. This socialais linguistic as it does not involve
any practical activities. It can only provide themth interactional expertise in each

other’s field.

61 | ahsen (2005) carried out research on the intenastbetween climate modellers and atmospheric
scientists and discussed a similar point. She arthuet atmospheric scientists might be better gupdpo
criticise GCMs than modellers themselves. This wde for two reasons. Firstly, because GCMs have
become so complex that modellers can barely spapdime learning about empirical research on the
atmosphere. They concentrate most of their reatiling on modelling papers. Secondly, because of the
emotional investment of modellers on their own tioess, they would be reluctant to openly critictke
models they develop. The latter point, althouderigsting from a STS viewpoint is not relevant or
discussion on expertise, so | will not examineeiteh The former point, on the other hand, bringgtat

an interesting point: empirically-oriented scietgtisnight also be able to make judgements on models
outputs. In atmospheric physics, Lahsen arguestligis because they know more about the empirical
atmosphere than modellers. The paleo-modellersith@erviewed, however, were very well informed
about the empirical phenomena they simulated. BEvérey did not have time to follow the entire data
production literature, as most data people alsnatdave, modellers still know about the literatonethe
phenomena they simulate. There is however one typedgement that data people might be in an
advantageous position to make because of theiribatdry expertise: those related to the qualitythef
data that is used as input in models. Wheneveppaladellers use data from a particular subspecidlity
paleoceanography, members of this subspecialtybgilin a better position to assess the qualityhef t
data used as input. This is one of the reasonspal®o-modellers collaborate with data people sbtttea
data compilation for a particular project is donethose who are more deeply immersed in the data
generation literature and therefore more awaré®thortcomings of specific data sets.
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The Urbino Summer School in Paleoclimatology, whicttended, was also designed
with the goal of socialising the new generation pafleoclimatologists and paleo-
modellers in both areas of investigation. In thieerd around thirty experts with
different contributory expertise, including paleanegraphers, micropaleontologists,
geochemists, paleo-modellers, working on the whartge of geological time intervals
and using a variety of techniques, lectured foed¢hweeks graduate students with
backgrounds in data generation and in paleo-maodellAs a result, these young
researchers receive basic training in areas of régpewhich are not theirs.
Furthermore, there is great deal of informal sagadilon in this event, as students and
faculty frequently go out together for dinner arat firinks. The lectures and the
informal socialisation result in the students adqgi some level of interactional
expertise in the most important topics of researchpaleoclimatology and paleo-
modelling. It is not possible to provide a preciseasure of how much interactional
expertise is acquired there as this depends obabkground of each student, on how
seriously they take the lectures, and on how fretiyethey engage in informal
conversations about science with faculty membeid &ith other students. As the
summer school lasts three weeks, however, it i€xpécted that they will in this period
become full-blow interactional experts in all seidis of paleoclimatology as this would
need a much longer immersion in all these comnmaesitBut it provides them with at

least low levels of interactional expertise in maareas of paleoclimatoldgy

Some universities have also developed courses vdtedents have training in paleo-
modelling and paleoclimatology. These initiative®rev deliberate and reflected a
collective sense that interactions between the #hode community and

paleoclimatologists could be improved. A geochemvsio applies his expertise to
address paleoclimatologic problems told me abojdira Masters programme where
students are trained in modelling and in collectdaga. The initial motivation for

setting up this course was a frustration causediffigulties in communication between

modellers and data people:

%2 During the Summer School there are also a fewtisadcctivities, such as a field trip, in whicH al
participants make measurements and write the lagnafutcrop, and some exercises such as filling out
spreadsheets to develop age models for sedimeatages and solving geochemical equations. These
activities, however, are very short and take mesis ktime in the Summer School if compared to lestur
so that they are not enough for anyone to becottheffedged contributory or interactional expertise
any of these activities.
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Tiago: And how are these new collaborations going o

Tim: They're good. | find that there’s sometimesight communication problem so | decided to
do something about this. We have a Masters progehere in Earth system science, which I've
just taken over and we just started really. And pidosophy of this Masters course is to
produce people who will hopefully go on to a PhDowtave a basic training, it can only be a
basic training in both modelling and the observalcside of science. And the main reason I'm
interested in doing this is that | find that thersbmetimes gaps in understanding on both sides
that lead to problems. So, in order for a moddiler Bruce to model, he models neodymium
isotopes in the ocean, he needs to understand lewasic chemistry works, how it all works.
Anyone who does that needs to understand. Many lieoslelo and some don't actually. The
relationships are relatively easy to start anddobilt also require some effort in educating each
other. Because I'm also ignorant about what exacthyodel can do very often | find. | call them
up and say let's do this and usually you can'thdtb that would cost years of computing time.

Tiago: How do you think this mutual education wowldrk in practical terms?

Tim: It just works by conversations in the corridgoing to seminars, | go to modelling
seminars, Bruce goes to data seminars. As | saghiteg this course together, so there's some
people, modellers in [the Department of] Geograpimg, Bruce, some other observational
people, we all teach it together. | think that halped us learn a bit about exactly what we all do
from day to day. Hopefully the products if theyigto academia will be better equipped to, will
have a better basic training in both sides of tklel tthat will help them to have a better mutual
understanding.

In this quotation, there are two important elemeRisstly, the effort of the community
to train a new generation of experts that will lettdr informed about modelling and
data production. The students receiving trainingoth areas is a deliberate attempt of
the community to intensify the links between thislels so that this trading zone works
more effectively. Again, this is not going to ma&ry of the students a full-blown
contributory expert in all these practices. As Tpmints out in the quotation, they
receive only abasic training in modelling and data production. Secgndhdividual
efforts made by modellers and ‘data people’ to wrnprtheir understanding of each

other’s fields. | will first elaborate on the form&nd then move on to the latter.

Besides Masters courses where young scientistsaaned in both fields, there are also
students carrying out doctoral research that iresuthodelling and data generation.
However, most people do not become experts in tieltis. Their research usually is in
one of these fields and has also a component abttier so that the student acquires a
general understanding of the other area. Modetteght, for instance, compile data to
put in their models. They might also go to thedielith a supervisor who has expertise
in collecting data. They will then collect sampbesd generate data on them. However,
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as there is too much specialisation involved inob@ag full-blown data generator, they
usually do it under the supervision of their sumsxs and do not become fully
accomplished in the ‘data side’ at the end of tiRkiDs. A paleoceanographer who is
very skilled in sedimentology described to me hiwe so-supervised PhD students with

climate modellers:

Tiago: So, you've got some students that you'reesuiping along with modellers here. So, how
is this process of transmitting these skills armbpbly combining these two skill sets?

Karin: What | have that my modelling colleagues 'tidrave in fact is field skills. | actually
worked as a professional field geologist for fiveags. So, | know an awful lot about interpreting
rocks and sediments in the field. | have takenetlofemy current set of students out into the field
and taught them what it is that you need to loak fiow you log, how you map, how you take
samples, trying to give them exposure to the rabkks actually they do their analysis on, or the
sediments from which their data are drawn whethey tare published or whatever. So, | do
quite a lot of that. | try and teach that as mugh possibly can in the field. So, if they got o g
and collect samples in China | go too. If they fgogo to collect samples in Morocco | go too.
[...]. I have a commitment to make sure my studeamsl, simply that they couldn’t do it without
me there because they simply don't know how. Thewldn't know, just wouldn't be able to
start because most of them, have | got any studkathas an Earth sciences background? I've
got one who has an Earth sciences background. fidevho | went to Morocco is a geographer,
the one who | went to China is a chemist. The démedbing with George actually has a degree
in GIS | think. These are students who come fromy wery varied backgrounds but the thing
they tend not to have is the geology and so | db th

Tiago: And is it a bit like an apprenticeship?

Karin: Yes, none of them do, because if they abtuedd a field-based PhD | would have to take
on someone with an Earth sciences background. @& of them have a huge component of
fieldwork in their projects. So, actually what yoerdoing mostly is you're training them, but in
the time available they will never be competendache job, which sounds a bit snide, but that's
just the way it is. They are never going to bedfigeologists. But they need to understand how
the field data side is done. For instance the amerit to Morocco with has actually given a talk
to the group. What she wanted to do was to writalla that was specifically about how the
fieldwork was done because she had never doneditshe was quite right in thinking that
actually there’'s nobody else in the department Wimaws how it's done either. So, she’s done
things like, she’s taken a picture, a photograpla section, and she then merges my sketch of it
to show what it is that I'm picking out of that. Arthen she takes a picture of a logged section
and then shows my log alongside and correlatesrisa. So, this is actually an opportunity to
show people just how precise you have to be atihgpk the field. So, is it an apprenticeship?
No, because they don't actually get to be propaldfgeologists. | may well have some more
field-based geology students in the future. Sos¢hwould be. I've had one in the past who was
a geologist and who did a geological, sort of dmedtology PhD.

There are two central points in this quotationstft she points out that modellers
usually do not have the skills to do fieldwork. th&rmore, she argues that PhD
students whose research focuses on modelling yslmiot become full-blown experts

in field geology. They acquire a general understamof what field geologists do, but
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not enough to go to the field by themselves antecbsamples for future projects. The
type of expertise they acquire by doing this istaiaty not any of the low levels
described in the Periodic Table of Expertises (@slland Evans 2007), those that
involve only ubiquitous tacit knowledge (i.e. bewat knowledge, popular
understanding of science, or primary source knogé@dThis is because they are
actually having linguistic and practical immersionthe practice of generating data.
However, this immersion is not enough for them eadme fully-fledged experts. They
acquire, therefore, very low levels of contributepertise in generating data by using
certain techniques. This might help bridging thesgghetween these two domains, but
because this is only a limited contributory exgtiit is also necessary a great deal of
interactional expertise on top of it, to effectivelron out potential issues in

communication and in secondary-data use.

Developing a Trading Zone: Socialisation at the Intvidual Level

At the level of specific collaborations betweenestists, especially when it comes to
more senior researchers who have not been trametie other domain, the gaps
between paleo-modellers and data people are britigedgh reading the literature and
through talking. Reading the literature is an int@ot part of this process as by doing so
scientists can learn about the main techniques thadmain trends in both fields.
However, reading the literature alone is not enolaglbeing socialised in a domain as
it only provides people with primary source knowgedCollins and Evans 2007). It is
necessary to have a sense of what papers are edgasdhe most relevant, what papers
are outdated, what techniques have been improvedAelarge part of this mutual
education is done by talking, which provides ségtatwith interactional expertise. As
Tim exemplifies in the quotation on page 163 thigpgens through informal
‘conversations in the corridor and through going $eminars where they are
linguistically socialised in the field they do nleave contributory expertise in. In the
quotation on page 155 Louis makes the same powtsid senior modeller and he does
not have enough time to follow the entire literaton data generation. He tries to keep
himself up to date with the literature on the clilmgrocesses he is interested in by
going to conferences where paleoceanographers tedt data people present data
compilations on specific phenomena and time peribbdave attended two conferences
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and a research seminar in which paleo-modellers datd people were presenting
papers in the same room, asking each other questfier the presentations, and
chatting in coffee breaks. These events are impbdecasions for scientists from these
fields to acquire or to keep their interactionapettise in each other’'s domain up to

date.

The same happens in summer schools. For exampliagdan informal conversation
with a professor of micropaleontology about the ibob Summer School in
Paleoclimatology he said that this event was veoglpctive for faculty because there
they could spend a great deal of time with othemimers of the community talking
informally. He also pointed out that many paperergad out of these informal chats. |
checked the publication list of some of some ofdabademics that teach in Urbino and
found that there are many collaborations betwe@&nssts who teach there, including
several cross-domain collaborations. These includeldrge number of papers co-
authored by modellers and data people. This isal@ence that there is a great deal of
mutual socialisation and ‘trade’ between memberhese communities taking place in

this event.

In specific projects, scientists also need to aeqinteractional expertise in practices
they are not involved with. Modellers might needeeper understanding of the data
they are working on in terms of their uncertaintiesveats, etc. Paleoclimatologists, on
the other hand, might need to better understanchtiaels that their collaborators use in
terms of their setup so that they know what thesotution is; what the main

assumptions underlying them are; what climatic esses are effectively being

modelled and what processes are not; and so 08.i9 hecessary for them to be able to
interpret the output of models and link them tartk@derstanding of the Earth system.
The following quotation from an interview with alpaceanographer exemplifies this

point:

Kate: Yes, | know that models have got lots of utaieties themselves and they make a lot of
assumptions. And unless you are in that field yost don't know what they are. And I'm
learning at the moment, because | just startedrtéig collaboration with modellers now, I'm
kind of learning where some of this assumptions &feu could easily have a career in
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paleoclimatology and not understand all the assiam@that go into climate models, because it's
quite a distinct field.

Tiago: You said that you are learning about climatedels now. How are you going about this
process of learning?

Kate: Just by talking to the modellers themselves laarning what they need as a kind of input
parameters into the model, so how they estimate wingetation was like 40 million ago, how
they estimate what latitudinal temperature gradievére and.. There are so many different types
of climate models and some of them you prescribm af variables right there and then others
the model is so complicated that you just fix a feasiables at the beginning and then the model
itself predicts things like vegetation and what dayou. It's different kinds of plug-in
components you can put in. But when you read thdetting literature unless you are in the
field it's difficult at first sight to know how mincexactly of the output of the climate model are
totally free and how much has been driven partlyMyat they assume or what they prescribe at
the beginning. So, those are the kind of things thalearning which of course is essentially an
understanding of how good those predictions are.

Kate points out that she is learning about climatadels and what the assumptions
underlying them are. This learning process is lisijti as she is not being trained in
running models. She will not directly take partalimate modelling, but she is still

seeking to understand the model that her collaborates so that she can provide him
with data and also be able to make sense of theutsubf the model’'s run. She is
therefore acquiring interactional expertise in thedelling techniques used by her

collaborators so that she can effectively collateovath them.

Developing a Trading Zone: Ambassadors

Another way of bridging the gaps in trading zonasch as the one between paleo-
modellers and data people, is through ambassadtibei(o 2007c; Collins 2011,
Reyes-Galindo 2011). According to Collins (201X), physics, when one group of
scientists depends on knowledge produced by angtoep that they do not speak the
language of, sometimes one of its members is sespend some time immersed in the
other group’s language. As a result, he or sherhesm special interactional expert in
the other domain. This person becomes an ambass&docan help his or her original
group by answering technical questions and queeiased to the other domain in which

he or she acquired special interactional expertise:

Sometimes interactional expertise can also be ueethridge middle-level practices. For
example, GW [Gravitational Waves] detection invalva search for correlations with
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electromagnetic signals such as might be seentbynasners watching the explosions of stars,
so a bridge between GW physics and astronomy igleteeThis is not a trivial matter, as
Imitation Game experiments have shown — such grofigghysicists do not speak each other’s
practice languages. The solution is to delegatdicodar individuals belonging to the GW
physics-practice to learn some astronomy practioguage, to gain interactional expertise, and
to form bridges with different kinds of astronomene bridge for those investigating x-ray
emissions, one for visible light emissions, onerfeutrino bursts, and so on. Each delegate has
to become &pecial interactional expestith respect to the community to which he or shiis
build a bridge. The delegated individuals, in soda they succeed, can then answer technical
questions and queries from GW physicists on beffaléay, x-ray astronomers, without always
referring back to those astronomers — this is how aetail of the technical cooperation between
these middle-level practices is made possible (@011, pp. 287-288).

In my fieldwork in paleoceanography | did not meety ambassador who had only
interactional expertise in another subspecialthetp his or her group. | met however
ambassadors who were bridging the gaps betweea-paldellers and data people with
their contributory expertise. For instance, a depant composed of several paleo-
modellers hired two data people to help them cautymodel-data comparison. One of
them was specialised in deep time, whereas the oibiked on the Quaternary, which
is the period spanning approximately the last 2ilbam years. The following quotation

is from one of the paleoceanographers who was dassador at this paleo-modelling

department:

Tiago: | had a look at your profile on the universivebsite and | wasn't quite sure if you're a
data person, if you like, or a modeller, or a panato’s doing both.

Karin: | don’t do any modelling. | do generate dd&at quite a lot of the work since I've joined
this is about data modelling comparison and is\gyto bridge that gap.

L.

Karin: As | said when | moved here | was broughtarbe the kind of deep time data person for
this modelling group. And | have therefore done sowork with them on things like, yes,
model-data comparison, and compiling data setshst they can test their models in a
meaningful way, trying to incorporate elements afadgeneration into models in order to make
that comparison more robust.

In this case, a scientist with contributory exprtin generating paleoceanographic data
on deep time was brought to work in a paleo-maoaglgroup to help the modellers
bridge the gaps between data production and madelBhe had spent a great deal of
time immersed in this group of modellers. She dilatquire contributory expertise in

modelling, but could communicate really well witérltolleagues:



169

Karin: | don'’t really have problems communicatinghnmodellers because actually | understand
what it is they're after. | sometimes | don’t thitikey scrutinise the data hardly enough. But
that’s not the same thing as not understanding thiegtare after.

[..]

Karin: The thing is that | actually do, I'm at thaterface, and I'm pretty unusual in that respect
because my data gets put into models and is usedolgllers. | don’t think that many people
are on that interface, but | am.

In other words, instead of the paleo-modellers sgndne of them to acquire special
interactional expertise in some subspecialty ofe@eimatology, they hired a data
person who ended up acquiring some degree of dpeteractional expertise in
modelling. Lisa, in turn, could help the modellevgh her contributory expertise and

help deepen the process of mutual linguistic sseabn between these communities.

Another example of an ambassador that | found lege@anography was more similar
to the example provided by Collins, although it alwes the acquisition of some
practical skills. This example consists of a paésswographer who was part of a
paleoceanography group working in an interdiscgryn collaborative project with

experts from different fields, including paleo-mbees. One of the goals of the project
was to analyse the output of computer models andpaoce it with the

paleoceanographic data available. Analysing th@uiubf models, however, is not a
trivial task. Models produce huge amounts of daia ia is necessary to learn how to
find the ‘right’ data. To do so, a paleoceanograpkieo was part of this collaborative
project was sent to acquire contributory experiisthis particular task. He spent a few
days among modellers learning how to do this armh treturned to his own group,

where he used the newly acquired skills:

Tiago: So, it's more of a cooperative kind of istetion. You don't have to learn loads about
modelling to be involved in this.

Tom: Not really the practical science. In termghe practical science it's really only this post-

processing. So, you have basically rows of numbatgsnumbers and you need to learn how to
extract the ones that you're really interestedwhijch is sometimes not very straightforward.

The amount of data is so large that you can't @iasit simply in excel or something. It's just no

boundaries.
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Tiago: How did you go about learning what to dohvitiese data?

Tom: That was one purpose of those visits | dicendlg to Germany. Certain software that you
need to learn is basically command based. It issapt user friendly. | had to learn that kind of
language that extract the data that you want tk &io

Tiago: So, then you went there, you learned howsde the software and now you’re more
comfortable.

Tom: Yeah, yeah, so now via the internet basidaligve access to certain data platforms there.
And | can from here now play with that, play witteir output.

This paleoceanographer, however, was not becomiulirlalown contributory expert in
modelling, but only in how to process model’s owipu

Tiago: So, you're basic learning how to interptet tlata, but you're not trying to become well
informed about how they set up the models?

Tom: Well you try to get as deep as possible betetls a certain limit, I'd say. Especially in the
technical side, they have their own programmingyleages which | don’t know. I'm not going
to the code of the model and really read it anddnynderstand the details.

This is a different type of ambassador. It cons$tan individual who spend some time
with another groups and acquire contributory exgerin a very narrow skill-set, but
which is very helpful for his own research grougisTalso helps bridge the gaps
between these communities. It does not integram tiurther on the community level,
but it is a type of link that may enable individualsearch groups to interact more

effectively.

Chapter Summary

In this chapter | have examined how two heterogeseexpert communities —
paleoclimatologists and paleo-modellers — thataathe same fractal level at a medium
fractal level build bridges between themselvesnfdium fractal levels, language is
not as specialised and technical as in low frdetatls. There is no domain language
rich in technical details spoken by all expertd thaght facilitate communication. As a
result, communication issues between expert comimeanimight emerge. For

collaborative research projects to emerge it isefloee necessary to creation trading
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zones. In the case of data people and paleo-moslelteey have developed a
fractionated trading zone as these domains argdgeteeous among themselves and
there is no new inter-language emerging out ofrtheeractions. As | have argued
above (see the introduction of this thesis), thametwo types of fractionated trading
zones: those based on boundary objects and thesel lom interactional expertise. In
the case of paleoclimatology and paleo-modellinggractional expertise is the main
facilitator in the interaction between these comitiesy Data people and paleo-
modellers usually do not have contributory experiis each other’s techniques. Paleo-
modellers, on the one hand, in general do not m#séeprocesses involved with data
production and do not follow the data-generatiterditure. For this reason, they do not
know all the shortcomings and uncertainties of sjgedata sets. Paleoclimatologists,
on the other hand, usually do not have an in-d&ptiwledge of paleo-models setup.
They rarely have contributory expertise in the coded algorithms used by modellers.
Their interactions are mediated by, on the one hpatto-modellers having acquired
interactional expertise in the history of the Easiystem and in its mechanisms of
change; and, on the other hand, by members of gathps having acquired some
degree of interactional expertise in each oth@thiiques. Data people usually have a
general understanding of what the different typemodels are and of their strengths
and weaknesses. Similarly, paleo-modellers havengrgl understanding of the main
paleoclimatological proxies and of the chemicahgiples underpinning them. As |
have argued towards the end of this chapter, tiesactional expertise is acquired and
kept up to date through the attendance of scientifieetings (e.g. conferences,
seminars, summer schools), and through conversatigh collaborators.

| have also pointed out that these communitieswarking towards becoming more
integrated, i.e. developing mechanisms to make aamation more effective within
this trading zone. They are training the new geimraof scientists to have a good
understanding of modelling and of data generatido. do so, they have been
deliberately making an effort to offer courses,s@s Masters courses, or summer
schools, in which the new generation of scientisé$ contribute to paleoclimatological
research receives a basic training in data geoeratid in modelling. In these courses,
students acquire or update their interactional gigeein the domain which is not their

own.
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Members of the paleoclimatology and of the modgllicommunity also jointly
supervise PhD students so that young researchegvirgy training in data generation
and in modelling. These students, however, arebeobming experts in both fields.
Rather, they acquire some very low levels of cootory expertise in the field which is
not their own. This contributory expertise is notoegh to mediate communication,
therefore it necessary that these students alsairacq great deal of interactional
expertise to be able to communicate effectivelyhwitembers of the other domain.

Finally, 1 have also described the role of ambassad.e. individual scientists who
build up links between different expert communitiésprovided two examples of
ambassadors in this chapter. | described the daséata person who had been hired by
a modelling group to help them with her contribytexpertise in data generation and
with her knowledge of the data literature. Her lgein the same department of these
modellers resulted in her acquiring a great deaht&ractional expertise in modelling,
which puts her in a privileged position to collasi@ and communicate with this other
group of experts. | also described the case ofleopaanographer who had visited a
modelling group and acquired some skills that mmug did not have and that would
strengthen their collaboration with the modellefere are also other types of
ambassadors already described in the STS literatiole as those who bridge the gaps
between two domains through special interactionaledise (e.g. Ribeiro 2007c;
Collins 2011; Reyes-Galindo 2011). Although | haa¢ met any of them, it is possible
that this type of ambassadors also exists in pabrumgraphy and in other areas of

climate-change science.
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Chapter 7 - Expertise, Trust, and the Fractal Model

Large segments of the contemporary social worldeHsmcome opaque for their members. [...].
More often than not we have to act in the darkif dacing a huge black box, on the proper
functioning of which our needs and interests insiegly depend. Trust becomes an
indispensable strategy to deal with the opaqueogssir social environment. Without trust we
would be unable to act (Sztompka 1999, p. 13).

In chapters 5, | have examined how experts commatmiand collaborate in
paleoceanography. | described it as a low fracatll and argued that knowledge is
communicated and exchanged between its membersudmcthey all speak
paleoceanography’s domain language. This languagéaut the history of the Earth
system, its main mechanisms of change, and therdift techniques of data production.
This language is rich in technical details and raf$oinformed conversation between
groups with different contributory expertise. | thexamined the trading zone between
paleo-modellers and paleoclimatologists in whichmownication is mediated by
interactional expertise. Although low fractal les’eflomain language and interactional
expertise are very important mechanisms of socamégration, there are other
mechanisms that play a role in facilitating the ocmmication and the exchange of
knowledge between heterogeneous expert communies.that is especially relevant
is trust. Trust mediates communication between expert canitres when there is little
expertise shared between them and one group ofrtexgan make few or no

judgements about the knowledge generated by thee odtmmunity.

Trust has recently been examined within Collins Bwdns’ theoretical framework by
Reyes-Galindo (2011) who argued that in domainphyfsics that interact minimally,

such as theoretical physics and experimental psiysicowledge exchange strongly
depends on trust. This is because scientists flaset fields have little immersion in
each other's domains and consequently a low-leveletstanding of each other’s
practices. There is therefore no mutual acquisitbnnteractional expertise. In this
sense, theoreticians cannot make meaningful judgemen the quality of the

experimental data they occasionally use in theirkw8cientists working on the same
domain of practices would on the other hand be #&blenake informed judgements

about other scientists’ work on the basis of tebared expertise.
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This point has also been made by STS scholars es®arch climate-change science.
Shackley and Wynne (1995b) have pointed out thst is an essential mechanism for
facilitating interactions between two groups of malbets: GCMers and impact
modellers. Future climate change projections preducy GCMs are used by impact
modellers as input in their models. Crop modelléos,example, run simulations of
future crops and seek to work out the relation betwyields and meteorological
variables. To do so, they use GCM output, sucheagpeérature and precipitation, as
input in their models. Interpreting and assessingMGdata, however, is not a
straightforward task. It is necessary to acquigeeat deal of tacit knowledge to do this.
“[...] much of the knowledge and judgement neededdsess and interpret GCMs is
often tacit and based on long experience of maugllhence it is difficult to formalise
or communicate in the literature” (Shackley and Wsii995b, p. 118). Crop modellers,
however, belong to a different scientific communégd usually do not have the
expertise to assess and interpret GCM data. Assaltr&CM output reaches them
black-boxed and is ‘taken on trust’.

This example is not an isolated result. Shacklegl.e1998, pp. 190-191) pointed out
that there are several other fields of expertiselired with the study of climate change
that use GCM output, such as economists and meslapecialised in simpler models,
but cannot make informed judgements related tosaswsgand interpreting their output.
For this reason, they also take GMC output ‘onttridemeritt (2001, p. 309) extended
this point further and pointed out that most cliemahange scientists do not fully
understand all the technical details underlying GCMd “are forced to put their faith

in technical expertise that they do not fully ursdend”.

In this chapter | will examine the role played lyst in facilitating communication
between expert communities producing knowledgeliomate change. | will relate trust
to expertise and to the fractal model. As climadtange science is a very wide field of
research, knowledge exchange between communitiehwhare small amounts of tacit

knowledge cannot be mediated solely through a dhdemguage or through
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interactional expertise. | will argue that trustayg an important role in these
interactions. | will examine different fractal ldge and different sociological
configurations, i.e. single domains and fractiodatading zones, and seek to identify
the importance of trust in mediating communicatibatween different scientific

communities.

Trust as a Sociological Phenomenon

Trust plays an important role in human societied particularly in modern societies

(Sztompka 1999, pp. 11-14). In STS, relevant retedras been carried out, for

example, on how trust is built on experimental hss(Shapin 1994; Collins 2001); on

public trust in science and in scientists (Wynn&d)9 on how trust relates to conflict

and performance in large-scale scientific projé8isrum et al. 2001); on how patients
come to trust or distrust healthcare treatment\WBr@009); and on the role played by
trust in the interactions between scientists arsgaech regulatory bodies (Hedgecoe
2012).

| am particularly interested in trust as a soci&gchmanism to mediate communication
and collaborations when there is limited or no klealge of the technical intricacies of
a given domain. | will use the definition of trusd#t out by Giddens, which has more
power to explain trust between experts than altamalefinition$®. Giddens defined

frust as

confidence in the reliability of a person or systeeagarding a given set of outcomes or events,
where that confidence express a faith in the pyafsitiove of another, or in the correctness of
abstract principles (technical knowledge) (Gidd&®80, p. 34).

% Trust has been defined in several ways in theomgical literature and | will not attempt to camyt a
comprehensive review of the topic here. Luhman®Q20for instance, defines trust as a solutiorhto t
problem of risk. Individuals trust each other ituations in which they deliberately acknowledget tha
there is a risk involved in the interaction. Selam(2000), on the other hand, has a very distinct
definition. He argues that trust is something tt@nes into play when social roles are negotiabde, i
there are no clear expectations towards certaiialsactors.



176

It is particularly relevant in situations where igities or systems are not completely

visible to other actors:

Trust is related to absence in time and in spaber&'would be no need to trust anyone whose
activities were continually visible and whose thbtugrocesses were transparent, or to trust any
system whose workings were wholly known and undext It has been said that trust is ‘a
device for coping with the freedom of others’, lthet prime condition of requirements for trust
is not lack of power but lack of full informatio{ddens 1990, p. 33).

Giddens pointed out that one of the instances wtrest comes into play in modern
societies is when lay people deal with expert systevhich are “systems of technical
accomplishment or professional expertise that asgalarge areas of the material and
social environments in which we live today” (GiddelB90, p. 27). For example, most
people have very limited or no knowledge of ardtilee, but they trust that the
buildings they live and work in are not going tdlapse. People also trust that most of
the time cars will work properly, that at crossreadl traffic lights will not go green at
the same time making cars coming from differeneations crash, and so on. Most
individuals, however, do not have full technicalolriedge to assess the quality of
theses expert systems. For this reason they cantrusit or distrust them. As Reyes-
Galindo (2011, p. 123) pointed out, trust in thamiext meansuspension of douln a

given body of knowledge/technology produced byaugrof experts.

This insight will inform the rest of the discussion trust carried out in this chapter.
The examples given by Giddens are on lay peopldindeavith experts systems.
Because they cannot make judgements on these exyseimsthey can either trust
them or nat In science trust comes into play when expertsiagamake judgements
about knowledge produced in domains of practice tihey have no expertise®fh In
these situations they usually trust the judgemeratde by the relevant experts. Trust in

this sense is not in the individuals making patéicyudgements, but in the community

® |t is worth noting that trust is not necessarilyposed to expertise in that experts have to thest t
community in which they immerse themselves to aeqthieir expertise. Students, for example, have to
trust the knowledge of their teachers and supervismbecome fully socialised in a scientific domaf
practice. Therefore, the idea that trust comes ph&y in science when scientists have no expettise
make informed judgements on a given body of knogdeid true in the case of full-blown experts, boit n

in the case of individuals being trained to becagientists.
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that sustains these judgements. In other wordg, dbenot trust particular experts and

their individual knowledge, but the expertise skdasgthin the relevant community.

Trust in individuals is also part of scientificdif For instance, scientific results are
rarely checked by other research groups. Similalyen scientists read papers they
trust that the authors are reporting accuratelyniteghods underpinning the research and
the findings of the study. How trust is built imrficular research groups and in
particular researchers have been the focus ofaeteSTS research (e.g. Collins 1975;
Shapin 1994; Collins 2001). I will not examine tlispect of trust here as this falls
beyond the scope of this work.

Trust and the Fractal Model

The lower a fractal level is, the richer the untierding the different contributory
experts have of the technical details of each stheork. In paleoceanography, for
instance, there is a domain language that is richugh to sustain an informed
conversation between the different contributoryezigpthat contribute to it. If we look
at levels below paleoceanography, such as paleogegwhers specialised in glacial-
interglacial cycles, or micropaleontologists spksga in foraminifera, the language
becomes even richer and more specialised. If weenimVevels above it, the language

becomes more generic and so does the conversatiwedn experts.

As | have argued above, in science trust comesplay when experts can no longer
make informed judgements about knowledge producgdother experts. In these
situations they have to rely on the judgements nigdether scientists. In low fractal
levels, in which there are rich technical languagasch as in paleoceanography,
scientists are in most occasions able to make judgés about the work of other
experts. Trust, therefore, plays a relatively smallk in mediating communication and
collaborative efforts. In medium and high fracelels, such as climate-change science
as a whole, the situation changes. If communicatioes not involve highly detailed

technical issues, the domain language can sustan\ersation between different types
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of experts. In these cases the conversation wilbdmed on popular understanding of
science, which consists of black-boxed and singalifversions of scientific theories.
Trust, therefore, plays an important role in medgtinteractions between different
experts. If communication involves highly technichdtails, then, scientists have to
bridge the gaps between their domains through soitbe mechanisms mentioned
above. Bridge-building mechanisms that do not leadimmersion in the tacit
knowledge of the other community, such as boundajects and inter-languages
(Ribeiro 2007b), imply that communication will tak@ace on the basis of limited
mutual understanding. In this case trust also pkysimportant role in facilitating
communication. Among the bridge-building mechanismentioned above, only
interactional expertise can mediate interactioret tthepend on informed technical
conversations involving information from low frattavels. In this case, trust plays a
smaller role, as scientists’ linguistic understagdof each other’s practices gives them

access to the tacit knowledge underpinning hightyhmhical judgements.

I will in the remainder of this chapter provide axales to illustrate the interplay
between trust and expertise through the fractal ehddwill begin with low fractal

levels then examine medium and high fractal levels.

Low Fractal Levels: Paleoclimatology and Paleoceagoaphy

To understand the role played by trust in low fahtvels, it is essential to consider the
degree of specialisation within different domai®@ollins (2011, pp. 278-279) has
pointed out that in domains with little specialisat for example, individual sports,
such as tennis, snooker, or board games, suchess,call full-blown experts have
similar skills and can make informed judgementsualeach other’s work. In fields with
higher specialisation and therefore a higher lefesocial division of labour experts
have different contributory expertise and a comnianguage that mediates their
interaction. In the case of domains with low lev@ispecialisation, there is a great deal
of shared contributory expertise. In these cases,tdoes not play a very important role
in mediating interactions. In chess, for instaradeplayers have the same contributory

expertise, although some of them are better playars other. In any case, there are no
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practices in chess which only some specialisedeptawould have access to, whereas
other players would only reach black-boxed versiohthem. All accomplished chess
players can make informed judgements about eadr pthctices.

In the case of domains with high levels of spesaion, there are several practices
which particular experts do not have a physicabgegient with. An example of this is
paleoceanography. As mentioned in chapter 5 therseveral types of subspecialties in
this  field:  paleoceanographers,  micropaleontolsgist geochemists, and
subspecialisations within these areas of experegtated to time intervals, events,
phenomena, techniques, and types of archives anakepgrused. Experts who contribute
to paleoceanography have contributory expertiseairlimited number of these
subspecialties. The communication between experith wifferent contributory
expertise is facilitated by the paleoceanograpldosnain language, which is rich
enough in technical details so that different abotory experts can have informed
conversations among themselves about their worka Aesult, much of what experts in
paleoceanography know about their field is learfiaduistically and not through
physical engagement with practices. In this casenahough experts do not share
contributory expertise, they still can make sev@udigements on each other’'s work.
They can assess whether the data interpretati@endiyen expert makes sense, whether
the methods chosen for a particular research wppopriate, whether the data
produced by particular groups fit within the geharaderstanding of how the Earth
system works, and so on. There are however, cqudgements that particular groups
of contributory experts cannot make on each othertssk. A large number of
judgements involved in the process of producing @dae black-boxed. These includes
standardised judgements, i.e. those necessary &inm standardised contributions,
and, more importantly, domain-language-based juégesn i.e. those necessary for
making domain-language-based contributions. Fdant, all the judgements made by
micropaleontologists related to distinguishing eliéint types of microfossils so as to
produce assemblage counts, which can be convamnted for example, temperature
proxy data, are black-boxed and not visible to otheerts who are not able to make
these judgements themselves. Other experts wonkipgleoceanography, for example,
geochemists, can make judgements related to thesiplbty of their data, i.e. whether

they fit within the general understanding withine ttommunity of Earth system
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processes in a particular time period. Howevely tannot assess the very judgements
related to the production of data. These judgemeanisonly be trusted or distrusted by
them.

I will now provide an example of this. This examjeon the use of ice-core data by
paleoceanographers and relates to interactionsi\gagiace in a low-fractal-level

domain: paleoclimatology. There is significant graion between different subfields
of paleoclimatology as data produced on particaethives are usually useful for
scientists working on other archives as these loalfathem interpret their own records.
The paleoclimatology language is dense enough ltavagxperts to have informed

conversations between them. This is because abplnatologists have at a least a
general understanding of the history of the Eanith @ its main mechanisms of change.
The different types of specialisation define howdepth their understanding of
particular time periods, events, phenomena, andrsocare, but all members of this

community have at least a general understandinghat each other do.

Paleoceanographers, for example, frequently usepgtatduced on non-marine archives
to compare with their own data sets. This is beealisproxies record multiple signals
and it is not possible to disentangle them withmrmparing the proxy data with other
records. Furthermore, by examining data from o#rehives paleoceanographers can
assess how other parts of the system behaved dcenmain events, which help them
interpret climatic changes found by using the data that they generated. Ice cores are

one of the most useful paleoclimatic archives fepceanographers.

Ice is continuously deposited on the ice sheetermog Antarctica and Greenland. By
drilling the ice sheets and extracting ice corede@climatologists recover a valuable
climatic archive. By examining ice-cores data thlen reconstruct annual climatic
variations extending as far as 800 thousand yemtkd past. Ice cores became well
known for their temperature and atmospheric ,CQ@oncentration records.

Paleoclimatologists use bubbles of atmospheritraaped in the ice to reconstruct past

atmospheric composition. By doing so, they havedpced an accurate record of
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atmospheric C@over the past hundreds of thousands of years. fdusrd was
compared with temperature records and a co-vamiabb atmospheric CO and
temperature was found (e.g. Petit et al. 1999).ctes also record a number or other
climatic variables including volcanic activity, smfall patterns, wind speed, solar
activity, etc (Bradley 1999, p. 126).

Paleoceanographers working on the last million ydé@quently compare ice-core data
to their own data for a number of reasons, whiatiushes the development of age
models for their own data sets; to have a broa¢une of events they are interested in;
and to verify whether the records they have produncatch other data sets.

A somewhat similar expertise to the one needecteigte data on marine sediments is
necessary to produce data on ice cores. The protg@seducing data on ice cores also
consists of drilling and recovering cores, prepasamples, geochemical analysis, and
interpretation of results. The interpretation alsbes on understanding how the Earth
system works and its mechanisms of change. Thexehawever two differences

between working on ice cores and on marine sedsnethie specific techniques

deployed in the generation of data; and whereagnmaediments reflect the behaviour
of the oceans and its interactions with other paftdhe Earth system ice cores reflect
the behaviour of the cryosphere and its interastiwith other parts of the Earth system.
Although the focus is slightly different, theresisll a large overlap, as the Earth system

is complex and changes in any of its subsystentstteaffect all the others.

Paleoceanographers can sometimes make judgemetnit® amterpretation of ice-core
data. Their expertise can be applied to make tluelgements particularly those that are
made on the basis of their understanding of theotyisof the Earth and of its main
mechanisms of change. Due to the importance of doees in Quaternaty
paleoclimatology, most Quaternary paleoceanographéso have to understand the

principles underpinning production of data on #mishive. In most cases, however, they

% The Quaternary consists of the geological perfmhsing approximately the last 2.5 million years.
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cannot make judgements related to the productiodatd on ice cores as this is not

where their contributory expertise lies:

Tiago: When you use other kinds of archives to camghem with your records, do you try to
understand the ins and outs of the other kindgafiges by talking to people, reading specific
literature on that, or do you just trust the datat tyou find?

Nick: No, absolutely you need to understand adgaénttasis of the proxies, what they are telling
you, what the caveats are in terms of their usar ¥an't just use them blindly and just accept
that they are reliable. But there are also, itsjust what the proxies tell you, the age models,
how the age models are synchronized, all thosegshare massively important when you're
trying to put data together and come up with a gurimg set of arguments. No, you absolutely
have to understand the record. Occasionally youccautribute to their understanding of those
records.

Tiago: Obviously all these archives have differeaneats, different error bars and uncertainties
and stuff. A person who is not directly involvedbgucing them, you as a person who is not
directly involved with that. Do you think that tleeare different levels of understanding so that
you can't reach the deepest level because you haweked with them?

Nick: Probably, almost certainly yes. I've neveeand drilled ice cores. It's a bit like saying |
have a good understanding where the errors areaitinensediments because | have taken a
whole heap of marine cores. So, I've been on shipd,you pull them up, and you understand
ultimately where the errors can potentially be. Betcores, no, I've never taken an ice core, so
at some level my understanding stops and | trusttwm told. And that's the same when they
look and try and compare their records to whatevetpducing. But in terms of the depth of the
understanding, you understand the basis of theiggpyou understand the age models, you
understand exactly what they've done, because it literature, so you can make up your own
judgement whether you believe the interpretatioou ¥an have your own interpretation of the
data or place more weight on a particular integiieh, some other interpretation. So, you don't
just accept necessarily what they're saying andc thave to fit your data into their
understanding. You can challenge that and do whatwyant, as long as you can justify.

In this quotation Nick points out that when he udata sets produced on ice cores, he
uses them on the basis of a combination of trusthen expertise of the ice-core
community with his own expert judgements. Trust esninto play because he has
never been directly involved with the production thle data so that he has no
knowledge of where the errors can potentially béhia stage of research. This means
that he does not have contributory expertise iregeing ice-cores data, i.e. in sampling
ice cores, choosing analytical techniques, etc. WHeeuses ice-cores data he trusts the
community of experts in ice cores and their judgetmeelated to data production. Yet,
he feels confident to make expert judgements ml#&beinterpreting ice-cores data,
because he understands the principles behind dewgethem, the caveats related to
their use, and so on, i.e. this judgements aredbasehis interactional expertise in the

ice-cores proxy systems that he integrates withwlurk
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Based on the quotation above, one could arguethieae judgements are made on the
basis of primary source knowledge, as Nick arghas information about the basis of
the proxies, the age models, and what the autHagyen paper have done are in the
literature. Indeed, this information can be foundstientific papers. But this is not
enough for making informed expert judgements. Nigkself pointed out in another
part of the interview that there is some degremtagration between scientists working
on ice cores and those working on marine sedimdsvever, this integration is
weaker than in the case of those working on theesamohives, which is something
expected as paleoclimatology is a fractal levelvabthe domains where data are
produced. This point supports the idea that higgunaents on ice-cores data are not
based on primary source knowledge:

Tiago: How integrated is this community, the diffiet archives people getting together and
talking?

Nick: How integrated are we? Not overly. Yeah, ¢hare again organisations, for example
Pages, which are multidisciplinary, so people fioencores, marine cores, etc. And it's certainly
something that we all promote. So, we have crossyglinary research meetings and I've

organised those in the past myself. So, we're nated in that sense. On a day to day basis |
guess you've got to integrate for a reason ..

(Telephone rings and he answers it).
Tiago: | think there’s the AGU conference.

Will: Ok, so, yeah, that's a good example of whaltegeoscientists come together, so all styles
of paleoclimatology. But again whether you wouldl ¢hat even integration | don't know
because we all have our own sessions. So, thelebwilice-core sessions, there will be
speleothems sessions, and then there will be atiedjisessions where different, which are more
processes, if you think of processes again, everyeitl try and come at it from a different
angle. So, yeah, there’s integration there, buethelso your discipline-specific interest.

In other words, Nick also has some immersion in themmunities of
paleoclimatologists who work with different archeyalthough this immersion is not as
deep as in the case of marine-sediments paleoceginyg which the fractal model

should lead us to expect.
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In sum, paleoclimatology is a low fractal leveletéfore, different types of contributory
experts are able to make certain judgements owdthlke of other contributory experts,

particularly those related to the interpretation dafta produced by using the most
popular techniques. These judgements are based ocongbination of their

understanding of the processes that take placéenEarth system with how these
processes are reflected in particular archives. Wilan example of that. He can
interpret ice-core data as long as he acquiresaictienal expertise in the relevant
proxies. With regards to the production of thes&daowever, he has no contributory
expertise in it, therefore he trusts the judgemendsie by the experts who produce

them.

Interactional Expertise, Fractionated Trading Zonesand Trust

At medium or high fractal levels communication beén experts belonging to different
groups is possible as long as it is not about teehretails that ‘belong’ to lower
fractal levels (Collins 2011). Scientists from ditnt areas who study the causes and
processes of climate change, for example, atmogpherhysicists and
paleoceanographers can have conversations aboutclimate system, but the
conversation will not be as rich in technical detas a conversation between two
paleoceanographers. In the case of collaboratiatsréquire higher levels of technical
detail experts might acquire interactional expertis facilitate their interactions, as we
have seen in chapter 6. Examples of this are tlegaictions between paleo-modellers
and paleoceanographers. Trust also plays a rofeethating interactions between these
communities. The quotation by Louis on pages 15&mplifies this point. Louis is a
GCM modeller who states that he does not have ibombry expertise to generate data
nor does he keep up with all the literature on gataluction. For this reason, he is not
aware of particular circumstances related to daiatp that he uses in his work. He
essentially trusts the judgements made by the tsigwho generate and compile the
data. However, this is not a case of him just akihface value any data set he finds in
the literature, i.e. of primary source knowledgee Hequently attends conferences
where he updates his interactional expertise irptbduction of paleoceanographic data
by watching leading paleoceanographers’ talks dradting informally with them. He

does not however check the accuracy of the paaticldta sets he uses and would not
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be able to do so because he has no contributosriesgin paleoceanography. He trusts

the judgements made by his colleagues who prodhesetdata sets.

It is worth noting that in this case, as in therapée on paleoceanographers being able
to make judgements on whether data produced bgadoe-paleoclimatologists on the
basis of their own expertise, paleo-modellers dan assess paleoceanographic data
sets. They can make judgements related to wheltlesetdata match other data sets
already produced and whether they bring any nevwghis into the understanding of
paleoclimatic phenomena. If they have acquired ghounteractional expertise in
paleoceanography, they will also have their owticisims of particular proxy systems.
Yet they also cannot make judgements related tgtbduction of particular data sets.
Paleo-modellers, however, in general have to puremwust into the work of
paleoceanographers, than paleoceanographers ichoo#iaer's work. This is because
modellers usually do not follow in details the dat@duction literature nor are they
used to compiling data sets. They tend to focusherbig trends in the data literature.

They are therefore not familiar with all issuesrsunding different data sets.

I will provide another example of this, in whichnaodeller was not able to make
judgements on data production. This example wasiged to me by an interviewee.
This example is linked to a controversy on bip@kciation during the Eocene. | will
summarise this controversy before discussing hewdsue of trust relates to it.

In 2005 a paper was publishedNiature arguing that during the Eocene, which is the
period of time spanning from approximately 56 roifliyears to 34 million years in the
past, there were some transient bipolar glaciatfdnipati et al. 2005). This means that
during certain intervals of the Eocene ice sheeewgon both poles. The Eocene,
however, is known for having been a greenhous®gerie. a warm period with little or
no ice cover on the poles, in opposition to thédeese period that begun at the end of
the Eocene, when a persistent ice sheet grew imrétada. Northern Hemisphere
glaciation is believed to have started tens ofiom$ of years later, between 10 and 6

million years ago.
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The authors pointed out that there were three swehen they believed that there had
been major glaciations on the Northern Hemisph&ney focused on a single one that
began approximately 42 million years ago. They poed data on sedimentary cores
collected in the Equatorial Pacific area. They useallines of evidence to support their
arguments. Firstly the authors measuredtfi® of foraminifera shells, which showed a
sharp rise during the event. As | described in té#rafh, 5*°0 is controlled by seawater
temperature, continental ice volume, and salinity.disentangle the different signals,
they measured the ratio of magnesium to calciunfooaminifera shells, which is a
proxy for seawater temperature. Their results imgid that the increase O
responded predominantly to the continental ice coMee numbers indicated an amount
of ice cover too large to be deposited solely ortiafatica. The authors inferred that
there had been substantial ice cover on the Narthlamisphere as well during this

event.

The second line of evidence was related to thateatompensation depth (CCD). The
CCD refers to the depth at which calcium carbonditsolves because seawater
becomes corrosive to it. The reason for that i$ etow the CCD the ocean is under-
saturated in calcium carbonate. Microfossils thaateha calcium-carbonate shell sinking
from the ocean surface are dissolved once theys ¢ies CCD. There are a number of
variables that influence the depth of the CCD,udolg the amount of dissolved carbon
in the oceans and sea level rise. The authors,urexhshanges in the CCD before and
after the 8'%0 excursion that took place approximately 42 milligears ago and

concluded that it became significantly deeper &ft&0 began to rise. They interpreted

this as caused by the reduction in the sea leweight about by the glaciation.

This paper generated debate and further researtinwhe community. In the same

issue ofNature for example, a review was published pointingtbat

[...] a general acceptance that glaciations occuimetthe middle to late Eocene will probably
require further evidence. The suggested existehl@@ge Northern Hemisphere ice sheets in the
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Eocene is highly controversial. Moreover, the figebf the magnesium content of Cagés a
measure of temperature demands further scriomynp 2005, p. 333).

In the following years a number a papers were phbli contesting the ideas put
forward by Tripati et af®. Edgar et al. (2007, p. 908), for instance, painvet that
sediments deposited in areas where CCD changes ftzme were not the most
appropriate for collecting stable isotopes dataabse the occurrence and preservation
of microfossils was sensitive to these changes. tRisr reason, they produced new
oxygen isotopes records on cores from a differeza & the Equatorial Atlantic Ocean
to test the hypothesis of the occurrence of bipglaciations in the early Eocene. Their
data provided evidence for a much smaller variaitic3t®0, which does not support the
idea that there would have been a large ice sheethe Northern Hemisphere.
According to them, there might have been small igtacin Greenland during this

period, but not a major glaciation.

The authors argued that the difference in the dscaras caused by Tripati et al.’s use
of outlying data points and a sparse data sethéuriore, they pointed out that in a
previous paper (Lear et al. 2004) it had alreadgydargued that the core recovered in
the Equatorial Pacific should not be used for retmcting Mg/Ca ratios before 35
million years old as it had issues related to ammation and poor preservation. In
other words, they should not have used Mg/Ca ratiodisentangle the temperature

from the seawater isotopic composition signal girthecords.

A year later a paper led by a modeller (DeContalet2008) argued that bipolar
glaciation could have happened only after 25 mmlligears ago. This conclusion was
based on a climate model that was run to identiéthreshold for bipolar glaciation in
terms of CQ concentration in the atmosphere. The result was & maximum
concentration was approximately 280 ppm, which waly reached 25 million years
ago. This threshold made the theory of bipolar igtaan in the Eocene, when GO
concentration in the atmosphere was much higher2B8 ppm, very implausible.

% Examples other than those presented in the reairate Eldrett et al. (2009) and Stickley et 20009).
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Even though the theory of bipolar glaciation in Ewcene has been directly criticised as
in Edgar et al. (2007) and shown not to be verugilde (DeConto et al. 2008), Tripati

still works on developing new proxies to test tirersgth of her records. In her website
she acknowledges that this is a very controveteedry, but she believes that there is

evidence that supports her id¥as

Although controversial, the results of this workshstarted to challenge the traditional and
widely-held views that 1) the Eocene epoch wasatharized by ice-free conditions, as we have
found evidence for ephemeral glaciations beginmirtfpe late middle Eocene (~42 million years
ago - so a few million years younger than the \atgmt-rich deposits from the Arctic and
Antarctic) and 2) that no ice was present in thettiNon Hemisphere until 10 Ma. Our work on
Ocean Drilling Program sediment cores has showmretheay be sedimentological and
geochemical evidence for some ice storage at bal#smluring ephemeral glaciations at 42 and
34 Ma, a pattern consistent with CO2 as a primained of glaciations.

This example illustrates controversial aspects ae@ceanography. The interviewee
who pointed this controversy out to me stated ir il that most paleoceanographers
were convinced by the paper by DeConto et al. (R@0&t there was no significant

bipolar glaciation during the Eocene:

Kate: | think the DeConto paper is pretty compelliand most scientists in the community do
not think there was significant bipolar glaciationthe Eocene. There was probably small,
upland glaciers on Greenland etc., but nothing tHeshuge US continental scale ice sheet that
Tripati originally argued for. | wouldn't bet my mher's life on that, but | would wager a
significant chunk of money on it.

The same interviewee, who works in the interfacdwben geochemist and
paleoceanography, pointed out in another email Wiegn Tripati et al.’s paper was
published she was able to spot the error in the. d&tte afterwards met a modeller who
intended to run a project to investigate the plailisi of the paper by Tripati et al., but

when she explained the issues with the data, hegelobhis mind:

Kate: Another example | can think of, is when axyreecord managed to get through peer
review which caused a big stir as it argued fogdarice volume than today at a time of higher
CGO, levels in the past. As a geochemist | was abledk at the data in detail and find a serious
flaw with it. Immediately after the publicationwas talking to a modeller who was about to
invest a serious amount of time and money intagyto model extreme glaciation under high
CO, conditions. When | explained to him the specifisue with the proxy at the particular

®7 http://atripati.bol.ucla.edu/morepaleoclimatereskartml(last accessed on 15/06/2012).
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sampling site he decided against it. | should noenthat subsequent published papers have also
demonstrated that the original work was flawedislunusual for something like that to slip
through the peer review net, but if it does it gads right by subsequent papers. | guess one of
the issues relevant to your work is how well moetslican keep up with all the literature in cases
such as this.....

Kate, in this example, spotted the error becausewsts in the cruise where the cores
were collected. However, as there was a paperdritégrature reporting the problems
with producing Mg/Ca on sediments older than 39iomlyears old collected in this

particular site, anyone immersed in this literatsimeuld be able to find this error:

Kate: There were a few issues with the data - sgpeeific to the sampling site used. Because |
was on the ship that collected the samples | krisautasome of these issues. Hence if you look
at figure 3 of the Lear paper, you'll see it's bebaded out some of the data as it was suspicious
- and this was published BEFORE the Tripati papéis really should have been picked up by
reviewers. It basically means that the Mg/Ca rat@snot be used to calculate past temperatures.
The bipolar glaciation idea was also based on sautiging points in the oxygen isotope record
(it's bad practice to use outliers in this way aayw and that should have been picked up by any
geochemist regardless of proxy). The oxygen isotagerd reflects both temperature and ice
volume, so without a Mg/Ca temperature recordaitnot be interpreted in terms of ice volume
(see Kump News and views article on the Tripatigoap

As | have argued above, people with different sgd@es usually do not keep up with
the literature on data generation that does naitgeto their immediate research
interests. The modeller cited by Kate, for examplas not aware of the issues with the
data used by Tripati et al. (2005). When talkindhéw he learned about them and gave
up a project in which he would assess the plautsilof glaciations in situations with
high concentrations of carbon dioxide in the atrhesp. He did so based on Kate's
advice. In this case, he essentiatlysted her expertiseas he could not make
judgements about the data used by Tripati et @D Paleoceanographers working on
more recent time scales would probably also navieere of the issues in Tripati et al.’s
data as welf. However, by talking to members of the communityalved with data
production on the Eocene they could probably becawere of them. By doing so, they

would also trust the judgements made by the relexgperts.

% The other issue with Tripati's data was the useutlying data points. This is a more ubiquitousetyf
judgement in science that a wider range of exgsild be able to make.
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Medium and High Fractal Levels

| have argued above that in interactions in whidébmafractal-level domain language or
interactional expertise mediates communication betwmembers of different expert
communities there is also an element of trust miedjaommunication. For this reason,
even in low fractal levels trust plays a role ircifitating communication between
different contributory experts. In cases of mediama higher fractal levels where there
are no mechanisms for building bridges betweenreudfit contributory experts, the
shared language between different specialtiesigiémeric and there are no or very few
judgements that an expert can make about otheisfigfl expertise that are at the same
fractal level. | will examine two examples of thiBirstly, the understanding of
paleoceanographers of studies of impacts, adaptatia mitigation of global warming.
Secondly, a field of scientific investigation thatpart of the Earth sciences and of the
study of causes and process of climate change,idutot strongly related to
paleoceanography: cloud physics (see figure 12 i@presentation of these domains in

the fractal model).

The study of the impacts of climate change, adeptgtractices, and mitigation are
only at the same fractal level of paleoceanograghy very high fractal level. As
described in chapter 3, these fields of researehadneterogeneous mixture of several
disciplines from natural sciences and human sceentkey are subfields of climate-
change science. In going from paleoceanographyhi® level, one must traverse
paleoclimatology, the study of causes and procéstimate change, and finally reach
climate-change science as a whole. The distantenms of fractal levels is so large that
usually paleoceanographers know little about thaber fields. Their knowledge of
them is not much deeper th@opular understanding of sciencéhey cannot make
expert judgements related to them unless theresigraficant overlap between their
own research interests and these areas. Therenbreadew of these overlaps. An
example of this is geoengineering techniques tatlve fertilising the oceans. In this
case, micropaleontologists and paleoceanograppecsatised in productivity might be
able to contribute to debates related to this tegln But in most cases

paleoceanographers do not have an in-depth knowledput studies of impacts,
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adaptation, and mitigation of climate change. Fuos teason, they cannot make the

judgements that scientists working in these fielals make.

Research into modem climate
Paleoclimatology

Paleoceanography

Clouds Physics

Figure 12: Paleoceanography and clouds physidifractal model.

The following quotation, in which a paleoceanogeppoints out that she is not very
well informed about the study of impacts, adaptgatend mitigation of climate change,

illustrates this point:

Tiago: How about these other areas that might bi¢ more distant from your specific field of
expertise, such as impacts, adaptation, mitigattdow familiar are you with this kind of
research?

Gemma: I'm not familiar with the research. | kedpeast of what’s in the news, but | just don’t
have time to go into the research in that theme.
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Another paleoceanographer made the same point:

Tiago: How about these other bits of the debaterims of impacts, adaptation.

Mark: I'm much less confident talking about thaty Mxpertise would be much more in the

scientific basis rather than adaptation and teauyl building sustainable businesses and
sustainable cities and societies, that's not mg ateall. Although actually I'm interested in that.

So, for instance the IPCC has three reports andstientific basis is the one that | would

contribute to.

The second example is on cloud physics and palaogeaphy. These domains are at
the same fractal level only at a medium fractaélethe studies of causes and processes
of climate change. Although there is shared langumput how the Earth system works
that mediates conversation between these commsindtethis point language is not
specialised enough to afford highly technical cosagons.

Cloud physics is a very specialised field of atnesg physics. Clouds are an
important part of the atmospheric system and hadea role in the climate system.
They reflect part of the incoming solar radiatioack to the outer space having
therefore a cooling effect. They also prevent thlarsradiation that is reflected by land
back to the atmosphere from returning to outer espadtich also creates a warming
effect. Paleoceanographers usually have a limiterstanding of this field. One of the
reasons for this is that they cannot reconstruotids in the past. This point is
exemplified by the following quotation, in whichpaleoceanographer points out that

her understanding of cloud formation is very lirdite

Tiago: But even in terms of the scientific badigre are so many phenomena. | was wondering
whether a paleoclimatologist understands, | reakatreverything, but at least a bit about clouds,
aerosols, all these hundreds of processes thgbarg on in the climate system?

Gemma: So, your question is if | understand abdatict formation. No, | don’t. But what |
understand is that, | mean what is important tasre know that we don'’t really have any good
proxies for this in the past, and | need to knovairthe modellers are assuming. | know that the
modellers have a big problem with clouds, it's @bly one of the biggest uncertainties in the
models. And that's about all | know. | think untie have a good way of figuring out how clouds
have changed in the past, because I'm lookingeap#st there’s not much point in spending the
next year learning all the physics that I'd needinderstand modern day cloud formation. There
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are just levels of understanding out there. | kmmeugh to know where the uncertainties are in
my field. To really understand cloud formation isegearch field itself.

In the examples above, where different fields oérsce are at the same fractal level
only at medium or high fractal levels, there is maich shared expertise between them.
For this reason, paleoceanographers, for examplmat make informed judgements
about cloud physics or about studies of impactaptdion, and mitigation of climate
change. In this case, they can either trust orudistthe judgements made by other
scientists, as they cannot assess them basediopuimetacit knowledge. In medium or
higher fractal levels it is necessary that a lasgeount of trust is involved in
communication between different types of scienti€herwise knowledge cannot

travel from one community to others.

Chapter Summary

In this chapter | have argued that trust and eiqeerare related. Trust plays an
important role in mediating knowledge exchange a@mmunication between
scientists. Trust comes into play when scientisigehno shared expertise that enables
them to understand and/or to make judgements admmit other's work. Trust in this

case consists of suspension of doubt.

| have related trust to the fractal model. At diffiet fractal levels trust has different
levels of importance as a mediator between diftemmmunities. At low fractal

levels, i.e. where there is a domain language mchiechnical details that enables
different experts to hold informed conversationsst is a less important social
mechanism than in higher fractal levels, where shared language is too generic.
However it still plays an important role in low-btal-level domains with high levels of
specialisation. This is because different contobutexperts, although sharing a
common language, do not have contributory expemtissach other’s practices so that
they cannot make expert judgements about practibesh are not their own. This is not
to say that there are no judgements that they e ran the work of their peers. They

can make several judgements related to how theptathuced by their colleagues are
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interpreted, to whether these data sets matchesteof the literature, and they usually
even have their own evaluations of different preygtems. They only cannot make
judgements related to the very process of datayatah. In this case they have to trust

the relevant contributory experts.

Similarly, in cases in which members of a commuaitguire interactional expertise in
another domain that is at the same medium or higtidl level, therefore forming a
fractionated trading zone, trust plays a similderd@hese communities have their own
literature, which are only partly known by membefsghe other domain. In the case of
paleoceanography and paleo-modelling, for exampéeo-modellers cannot make
judgements related to the quality of particularadsets. They trust the judgements of
paleoceanographers who can make these judgemeéntkarly, paleoceanographers are
not really well informed about particular model suTherefore, when experts who are
members of a fractionated trading zone working lenliasis of interactional expertise
need data or model output from the field which a$ their own, they usually trust the

judgements of the relevant experts.

| have also argued that the further up one goetheénfractal level, if there are no
mechanisms mediating communication other than ¢imeaih language, the less is one’s
ability to make judgements about the knowledge pced by other experts that are at
the same fractal level. In this case, trust andedige are therefore ‘inversely
proportional’. This is a general model that expgasiome aspects of communication and

of the interactions between scientists.
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Conclusion

This thesis is a study of mechanisms that mediatentunication and collaboration
between heterogeneous expert communities in clicteage science. As this field is
too broad to be the topic of a single PhD reseatwdve narrowed down my research
topic and focused on paleoceanography and on tieeactions of members of this
community with other fields of climate-change scienl have used the fractal model
developed by Collins (2011) to guide me throughiedént levels of analysis. | have
begun examining a narrow domain, paleoceanogragiy,travelled through different
fractal levels to reach wider domains, such asstinely of causes and processes of
climate change and even climate-change sciencénake wBy doing so, it was possible
to examine different mechanisms of communicatiorwatk at different levels of
analysis. The main contribution of this thesishe STS literature was to identify how
different bridge-building mechanisms between hegeneous expert communities work
at different levels of analysis.

The methods underpinning this research were chiogsed on the notion of participant
comprehension (Collins 1984; 2009). | sought to amse myself in climate-change
science as a whole and in paleoceanography, iitplart The main goal was to acquire
interactional expertise in the latter and a basguistic understanding of the former. To
do so, | have interviewed experts, attended sdiemieeting and summer schools, and
visited laboratories. At the end of the fieldworkhad not become a full-blown
interactional expert in paleoceanography, but | leduired sufficient levels of
interactional expertise to analyse this field slmgaally. Further immersion in this
field might bring to light a more detailed pictuod how scientists interact among

themselves.

A number of conclusions can be drawn based onttldy ©f paleoceanography and of
the interactions between paleoceanographers arat olimate-change scientists. The
main conclusions relate to the fractal model anchéw scientists communicate at
different fractal levels. Different sociological mturations, such as low fractal levels
with domain languages rich in technical detailgcfionated trading zones based on

interactional expertise, and trust were found #iedint levels of analysis. | will present
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them in this concluding chapter and | will make sot@ntative generalisations on how
these findings might be also be extrapolated tmatie-change science as a whole and
perhaps even to Western science in its entiretysé@hgeneralisations will certainly
benefit from further research that might supportontradict them. Some unexplored
topics and some limitations of the present workehalso come to light, which call for

further research.

The Fractal Model and Bridge-Building Mechanisms

The idea behind the fractal model is that whenewer zooms in on a given domain of
practice one finds that it is composed by narrodemains, which in turn are also
composed of even narrower domains. One can zoandnout and will find the same
pattern: different types of contributory expertsovbommunicate through a shared
language. If we look at low fractal levels, such @aleoceanography, the domain
language is rich in technical details and affordforimed conversation between the
different types of contributory experts that make the domain. In middle or high
fractal levels the shared language becomes morerigeand as a result conversations
become more superficial. The level of technicakhdléhat can be conveyed with the
domain language is reduced the further up we gthenfractal model. If we look at
climate-change science, for instance, there ismath overlap between the languages
of paleoceanographers and experts in adaptatidmitpees. Communication between
them, in situations in which there are no bridgddig mechanism at work, does not

involve much more than popular understanding afrsme.

Two bridge-building mechanisms were examined is thork and linked to the fractal
model: interactional expertise and trust. Interawl expertise was examined in two
different sociological configurations: as the maetken underpinning domain languages

and in interactional expertise trading zones.

The first mechanism that was examined was domaigulages. Domain languages

might be rich in technical details or not dependamgthe fractal level. In low fractal



197

levels it is rich enough to afford informed techaliconversations between different
contributory experts. In this work | have examimedeoceanography as an example of
this. This is an autonomous field of expertise witishown institutions, such as journals,
conferences, and so on. In paleoceanography, tereseveral different types of
contributory experts with distinct specialisatioiiiere is a rich technical language in
this domain, which includes information on the digtof the Earth system, on its main
mechanisms of changes, and on the techniques debtoygenerate paleoceanographic

data.

| have also examined fractionated trading zoneghich communication is mediated by
interactional expertise. This is the case of theeru generation of paleo-modellers and
paleoclimatologists. The contributory expertisdéhwse groups is considerably different
and very few members of these communities havecanyributory expertise in each

other’s practices. This trading zone is at a mediaotal level, i.e. the study of causes
and processes of climate change. The domain laegaitatis level is not rich enough to
afford conversation on detailed technical mattérsorder to be able to communicate
effectively these groups have developed bridgedmgl mechanisms between them.
They have been undergoing a mutual process ofiltigwsocialisation. In the case of
paleo-modellers, they had to learn about mechanafnabange of the Earth system in
the geological time scale to be able to set uprthedels. This first step already
facilitated communication between both communiti€sere are however still some
occasional difficulties in communication betweeest communities when it comes to
the techniques deployed by them. This is becaufferelit paleo-modellers have

different levels of interactional expertise in tpeneration of paleo-data and, similarly,
different members of the data community have diffiélevels of interactional expertise
in paleo-modelling.

These communities, however, have been working tsvarmproving their

communication and increase their levels of inteoac expertise. Some of these efforts
take place at the individual level. In collaboratibetween paleo-modellers and data
people scientists frequently linguistically so@alieach other through talking. At the

community level, there is an effort to train thexingeneration of experts so that they
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have a good understanding of data generation amtklimay. This happens in different
ways. Firstly, through a number of courses, inclgdsummer schools and Masters
courses, in which students are lectured on bottistieSecondly, at certain universities
PhD students are carrying out projects that incleléenents of data generation and of
modelling. In this case, they are being socialisedhe language as well as in the
practices of both communities. They are not howé&esoming full-blown contributory
experts in both domains. They are becoming fullglfjed contributory experts in only
one of these fields and acquiring low levels oftdbatory expertise in the other. The
greatest benefit from this training, thereforethis linguistic immersion in the domain
which is not their own. This generation is likely have much fewer problems in

communication that the current one.

With regards to generalising these finding to othelds of science, there are some
patterns that could be expected to be found elsewhi@e development of fractionated
trading zones only makes sense at medium fractaldeAt low fractal levels there are
rich domain languages that mediate communicationvden different contributory

experts. At medium and high fractal levels, in cast, the domain language is not rich
enough in technical details so that groups of espemight acquire interactional

expertise in another domain to be able to commtmibatter with its members. The
same applies to other types of trading zones, sschboundary objects and inter-
language trading zones. It is plausible to expeat they are only developed at medium
and high fractal levels where the domain languaggs ot afford conversation rich in

technical details and shared meaning.

| have also presented the role played by ambassadomediating communication
between different expert communities in trading eorthat work on the basis of
interactional expertise. Ambassadors were origiadifined as individuals who are sent
by their research groups to spend some time withmibees of another expert
community to acquire special interactional expertis their practices and afterwards
return to their groups (e.g. Collins 2011; Reyeéi+@a 2011). By doing so they are
able to help their original groups by make clagfions on the science carried out by the

other community. | have extended this definitiongpviding examples of other two
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types of ambassadors. Firstly, those who are seahother research group to acquire
some specific skill that lacks in their own reséagcoup. Secondly, scientists who are
hired to integrate a group with a different exatio theirs. In this case, they use their

contributory expertise in collaborative projectslam by answering queries of their host

group.

In the trading zone between paleoclimatologists @aldo-modellers ambassadors work
in association with a general effort of these comitnes to bridge the gaps between
them. In this case, they are part of the mutualiaiieation process that these
communities are currently undergoing. Ambassadbmyever, can also exist in

contexts where there are no wider efforts of erd@emunities to socialise each other
(Collins 2011). In this case it has some advantageklimitations if compared to the

mutual socialisation strategy. In this situatiombassadors are a kind of shortcut in
terms of communication between experts’ communiiiégy provide groups of experts

with the possibility of learning about a differesdmain of expertise or of benefiting

from the expertise of another domain without theation of a large-scale trading zone.
This can be a very practical solution for groupssofentists that need advice or
technical help from experts from other domains, who do not want to become fully

immersed in the language of other fields. The nhanitation of ambassadors in these
contexts is that they can only bridge the gapsllipcahey may be very useful for a

particular laboratory or research centre, but tdeynot benefit the community as a
whole as the efforts of mutual socialisation exadiabove.

Finally, the last mechanism of communication exadim this work was trust. | have
defined trust as suspension of doubt. It comespldy in situations in which people do
not have the expertise to make expert judgementdazhes of knowledge or on
technologies. As currently the social world is eriely segmented into a wide range of
domains of practice, individuals increasingly depem trust to make their social lives
viable. All communication between individuals withifferent contributory expertise
involves some degree of trust. However, the coutigim of trust to communication

varies depending on the social configuration.
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In the case of low fractal levels where there isich domain language mediating
communication, scientists can make some types adgments on the work of their
peers, even when they have a different contributexpertise. Geochemists, for
example, can assess whether an assemblage couet @art by a micropaleontologist
agrees with the rest of the literature, whether therpretation of the
micropaleontological data fits within the sharedienrstanding of the paleoceanographic
community of how the Earth system works, and so ey cannot however make
judgements related to the very process of picking @ounting microfossils, because
this is not their field of expertise. They therefomay either trust or distrust the
expertise of the micropaleontological communityusiy in this case, comes into play
when knowledge production is black-boxed and déifércontributory experts only have

access to the final products of research projects.

The situation is similar in medium and high fractavels in which interactional
expertise mediates communication between differeetpert communities.
Paleoceanographers, for instance, can make juddgerasnto whether model outputs
match the paleoceanographic literature or whethgivan model has represented all
relevant variables in a given run. Conversely, cot@p models can also make
judgements as to whether data generated by a grbppleoceanographers meet the
standard interpretation of climatic processes amdoawhether their interpretation of
data is sound. There is, however, an element at tiu the interactions of paleo-
modellers and data people. Data people, in gersmlnot knowledgeable about
models’ codes and setup. They can only collaboaat exchange knowledge with
paleo-modellers if they trust the expertise of thedelling community. The same is
also true in cases in which paleo-modellers useegualanographic data. Paleo-
modellers who have acquired interactional expertise certain data-generation
techniques understand the principles behind the gabduction done with these
techniques. However, they usually do not follow éiméire data literature, only the main
trends related to the climatic processes theyraegdasted in. For this reason, they have

to trust the judgements of data people when it cotoelata production.
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In medium or high fractal levels in which there are bridge-building mechanisms
between different expert communities at work, trp&ys a dominant role when
knowledge travels from one community to other. limate-change science as a whole,
for example, there are research areas whose esggedre significantly different from
each other. Experts as diverse as anthropologigdyiag the impacts of climate change
on vulnerable communities, atmospheric physicsaresing the role of clouds in the
climate system, and architects working on low-carbailding, are part of the same
domain. If members of these communities are taabolate in a research project or to
use knowledge produced in one of the fields whgchat their own, but they have not
acquired any interactional expertise in the otlmnains, they will not be able to assess
the knowledge produced in the other communitieshenbasis of their own expertise.
They will have to trust the judgements and the etigee of the members of the other

communities.

Only in domains with no social division of labogrtrust not part of social interactions.
All accomplished snooker players, for instance, gake informed judgements about
each other’s activities. There are no black-boxetivities that different members of
these communities cannot make judgements on. B gbnse, trust is an essential
mediator of interactions between different sociedups in domains where there is

specialisation.

Other Models of Communication and Collaboration

In the present work | have mainly used Collins &dhns’s theoretical framework

(Collins and Evans 2007; Collins 2010, 2011) to nexee communication within

paleoceanography and bridge-building mechanism@dsst paleoceanographers and
other climate-change scientists. | have combinednibtions of expertise and trading
zones (Collins et al. 2007) to work out how expémtpaleoceanography collaborate,
communicate, and exchange knowledge. This doesnean that these concepts can
explain the whole complexity of climate-change sceas a whole and of the general

problem of communication and collaboration betwegierent expert communities.
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In the introduction and in chapter 3 of the preseaik | have mentioned some other
important STS concepts that may also shed lighh@n different experts interact to
produce knowledge on climate change. One of thefmnoishdary objects. Boundary
objects are objects, concepts, places, and schahate at the intersection of different
social words and are flexible enough to be inteégarén different ways by members of
different social groups (Star and Griesemer 198%)ere are studies in the STS
literature in which computer-model parameterisati@amd remote-sensing technology
were identified as boundary objects that facildatbe interactions between different
expert communities in climate-change science (SergdB007; Kwa 2005). During my
fieldwork | found some preliminary evidence thag¢ré are boundary objects operating
in paleoceanography. For instance, mass spectrosnatel proxy data have different
meanings in different sub-communities of paleocgemphy. Geochemists, for
example, have as an ultimate research goal thelagewent of very precise and
accurate measurements. They usually also applye thesasurements to advance the
understanding of paleoceanographic issues, but tiftenate goal is to develop better
measurement techniques. Most paleoceanographeiheoother hand, make a much
more instrumental use of mass spectrometers ang jgiata. They also want to make
precise and accurate measurements, but their tdtigeal is to produce data that can
help them address questions related to past clnéttas also likely that computer
models and some concepts are also boundary olajeptdeoceanography, such as the

ocean conveyor belt, climate sensitivity, etc.

It is important to bear in mind, however, that gnd®undary objects have much less
importance in paleoceanography and in the intemastibetween paleoclimatologists
and paleo-modellers than, respectively, paleoceapbg’'s domain language, and the
interactional expertise in each other's field acedi by paleo-modellers and
paleoclimatologists. Boundary objects certainlyphedinimise ‘friction’ between and
within these communities, but as there are linguidbridges mediating the
communication of their members, boundary objects/ @ much smaller role in their
interactions than in settings in which there is m@ast much mutual understanding

between different social groups (e.g. Sundberg 006
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Besides the bridge-building mechanisms mentionedvabl have also examined
mechanisms of homogenisation of expert communisiash as translation (e.g. Callon
1986; Latour 1987) and standardisation (e.g. Jdsand Wynne 1998; Lampland and
Star 2009; Edwards 2010). These mechanisms, insteaddging the gaps between
different expert communities, reduce the heterogerimetween them. The notion of
translation as it is defined by proponents of acetwork theory consists of the process
through which particular groups of actants createréain convergence of interests in a
given network so that other actants align theienests with theirs. | have argued that
this mechanism is relevant for understanding howroanication and collaboration
come about in heterogeneous fields of scienceafférdnt groups of experts do not have
similar interests it is very unlikely that they mdver collaborate (see Sundberg 2006;
2007 for an example of this). | have, however, famnout that the hyper-symmetry
principle put forward by proponents of actor-netkvdineory (e.g. Callon 1986; Law
1986; Latour 1991, 2005) should be abandoned if waats to understand how
heterogeneous groups of experts communicate arldbochte. This is because by
equating humans and non-humans this principle ptsves from examining crucial
sociological phenomena, such as tacit knowledgdliiGd012), and the very idea of

heterogeneity is lost.

The notion of standardisation is also very usefulunderstanding how heterogeneous
groups of experts communicate. It is particularigeful for reducing instrument
heterogeneity so that it becomes easier for da&hads, procedures, measurements,
and so forth, to travel through global inter anditidisciplinary networks. In climate-
change science, a number of data collection praesdand techniques have been
standardised and a range of data processing tesdmigvere developed so that
standardised data sets that can be readily fedmottels are generated. In chapter 3 |
have described how meteorological data have becamaedardised through the
development of a number of international data ctitbe and data sharing programmes
as well as of a number of models to process the datected (Edwards 2001; 2010). |
have also found examples of standardisation inoganography. An example of this is
the development of international standards thatusesl in mass spectrometry. These
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standards are samples of known chemical compoditianare frequently run through
mass spectrometers to check whether these machimesvorking correctly and
providing accurate results. There probably are re¢\a@her standards being currently
used in paleoceanography and in climate-changenaeiewhich help reduce
communication issues and knowledge exchange betdiement groups of experts.
Standardisations, however, have not homogenisathtdtchange science so that it has
become a homogeneous transdisciplinary field o&stigation (Jasanoff and Wynne
1998; Edwards 2001). The international standarndisgirogrammes have experienced
several difficulties when the standards were lgcalplied (Edwards 2010). As Star
and Lampland (2009) have pointed out, standardsi@ver uniformly applied across
different locations. For this reason, although thaght reduce ‘data friction’ (Edwards
2010), they do not decrease the relevance of bidgding mechanisms. For
communication to occur it is essential that thesrhanisms work on top of these

homogenisation mechanisms.

Final Remarks

The overall question set out in the introductiortre$ work was how different types of
experts communicate and collaborate to produce ladge on climate change. As
pointed out above, there are several ways in whigberts bridge the gaps between
different fields of expertise, such as inter-langes interactional expertise, boundary
objects, and trust. These mechanisms are also isoeeset combined with

homogenisation mechanisms, such as translationseamtlardisation. The findings of
this thesis are useful for understanding how andrevlllomain languages, interactional
expertise trading zones, and trust come into plagnédiate communication and how

these mechanisms can be linked to the fractal.level

In this conclusion | have also attempted to makeestentative generalisations about
these bridge-building mechanisms, which includeihtprg out that in low-fractal-
levels domain languages are the main bridge-bwldimechanisms; linking trading
zones — be they fractionated or inter-languagemedium and high fractal levels; and

specifying the different roles played by trust iffetent fractal levels. These patterns
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might also be found in other fields of climate-charscience and in other fields of
science. In fields where the links between diffetgpes of experts are looser than in
paleoceanography, it is likely that boundary olgewstll play a much more important
role than linguistic bridge-building mechanismsrthar research, however, needs to be
undertaken so as to clarify what patterns of irttioa are predominant in other areas of

climate-change science.
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Appendices

Appendix A: Examples of Interview Schedules

Example 1. Topics covered during interviews with pkeoceanographers at the

University of Cambridge and at the University of Oxord.

. Interviewees’ academic background.

. Interviewees’ research interests (in paleocliripaieoceanography).

. What archives, proxies, organisms, do the inésvees work on?

. Stages of a research in a project carried othtdnnterviewees’ area.

. Skills needed in the interviewees’ research area.

. Judgements made by interviewees in differemgfest@f their research.
. How did the interviewees acquire the differentiskhey have.

. What the community do the interviewees belongRal2oceanography?.
. What kinds of journals do the interviewees read publish in?

. What kinds of conference do the intervieweesdtte

. Social division of labour in the intervieweessearch groups and research projects

(other experts, students, technicians, etc.).
. Social division of labour in papers publishedtbg interviewees’ (concrete examples).

. Particular characteristics of the intervieweasvarsities and of other research centres
in the UK and abroad.

. Major countries in terms of production of paleotic knowledge.

Interactions between the interviewees and othgers (e.g. modellers, other

paleoclimatologists).
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. How well informed the interviewees are about othexies and archives and about

climate models?

Example 2: Topics covered during interviews with tehnicians at Cardiff
University

. Interviewees’ background:
. What are the interviewees’ main tasks?

. What stages of paleoceanographic/paleoclimasieareh are the interviewees involved

with?

. How well informed are the interviewees about literature and about other stages of

research?

. How well informed are the interviewees about otfelds of science (other proxies,

computer modelling)?

.What kinds of skills are needed in the interviesve®rk?

. Have the interviewees ever published scientidipgys? Why?
. What are the interviewees’ motivations for doihig job?

. Do the interviewees often read scientific jousfal

. Do the interviewees attend scientific conferefices

. Who do the interviewees work with? What is theialodivision of labour within the

interviewees’ research group.

. What are the interviewees’ career plans?
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Appendix B: Domain-Language-Based Judgements: Chomg Samples for

Paleoceanographic Research in the Mediterranean Rem

In this appendix | provide a more detailed example domain-language-based
contributions. | further discuss the example predidn chapter 5 on the need to
understand how the Earth system works for one talide to choose samples for
paleoceanographic research. In chapter 5 | hawsepted the following quotation of a
paleoceanographer explaining why people have tabbe to link lithology to how the

Earth system works to be able to select samplesatby:

Wendy: For instance this meeting | was at last wiee8alamanca, one of the great criticisms
that the Dutch group had, the Dutch group do aidhe astrochronology, the time scale of the
thing of the Mediterranean, very, very effective\nd there was an Italian group and one of the
criticisms that the Dutch group has done is thatytfust take sample every 5 centimetres,
whatever, they don't pay any attention to the labg. And one of the things is that the
Mediterranean is very sensitive to climate changeabse it's surrounded by land, actually it
gives an amplified climate signal. And one of tlesults of that is that there's a lithological
response to climate variation and it's absolutehazing. You can correlate bed by bed right
across the Mediterranean back to 10 million yegrs &'s incredible. To find those cycles, they
are obvious when you look at the cliff. But they dary in thickness, because sedimentation
rates changes, and because all sorts of thingggehdinyou take samples every 5 centimetres
with no bearing on those lithological cycles, thactually you may well not pick them up
(laughter) because it's not that they are not tHmrethe periodicity with your data is kind of you
haven't paid any attention to where the cycles Ane. that's what the Italians were doing. And
funnily enough they are in real trouble and doitigsarts of bizarre things. But they were not
getting out cycles in a section where they werartyethere. So | think in answer to your
question if you do blind sampling you may end uphwibbish. You need to know about the
samples you take. You need to understand the sygtein You have to know what you're
looking for or you don't see anything.

In this quotation, Wendy points out an importanarettteristic of the Mediterranean: it

is surrounded by land, therefore, climatic sigraaits amplified there. She then links this
to the lithology of sediments collected in this.s8ae argues that you find the same
sequences of sedimentary layers from the last 1Ilomiyears in outcrops and

sedimentary cores collected across the Mediterraassa. These lithological sequences
respond to climatic variations. However, the widththe rock beds varies because
sedimentation rates vary in different areas. Theams that, for instance, sediments
from 5 million years ago might have formed a thicked in a site than in others. For
this reason, although the same climatic signalsrezerded across the Mediterranean,

they are expressed in sedimentary formations the¢ beds with different thickness. |



209

will elaborate on this point to explain how changethe Earth system can influence the

formation of sediments.

An example of sedimentary formation in the Medderan seafloor is sapropel, which
are dark-coloured sedimentary layers rich in organattef®. They are found in the
Mediterranean seafloor in between layers of sedisefith lower amounts of organic
matter, such as marlstones and limestones. Thesiigpoof these layers of sapropel on
the Mediterranean seafloor is associated with abeuraf mechanisms of change in the

Earth system.

Organic matter is either transported by riversh @aceans or is produced by organisms
that photosynthesise in the sea-surface area. \fienrganic matter sinks and reaches
the seafloor it is usually consumed by living ongars that live in deep waters. If it is

being buried in the seafloor this is consideredh®ypaleoceanographic community as
an indicator that the deep waters were anoxic.tlikisrreason, living organisms cannot

live there and consume organic matter, which, in,tands up being buried.

Oxygen is usually brought to deep waters throughsihking of surface waters, which
are oxygenated through exchanges with the atmosphkese ventilated surface waters
sink because of changes in density gradients betwesm and deeper waters. Water
density is basically influenced by two variablesmperature and salinity. Cold waters
are denser than warm waters. Waters with large ataaf salt diluted are denser than

waters with smaller amounts of salt.

The mechanism that influences the sinking of serfa@ters can be explained as
follows. Surface waters in the Mediterranean oatgnfrom the Atlantic Ocean and get
through the Gibraltar Strait. Once they flow east¥s in the summer, water evaporates

because of the high temperatures causing a risalimty. High temperatures offset the

% This entire explanation on the formation of saptdp the Mediterranean seafloor is based on Rghlin
(2001), who in a very digestible text summarisgseat body of literature on this topic.
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increase in salinity so that these waters do nobioe denser than deeper waters. When
the summer ends and temperature drops, howeveer wansity rises and it sinks.
However, it does not immediately reach the deeggrk of the water column. Firstly,

these waters sink to an intermediate layer betwsearsurface waters and deep waters.

The mechanism that makes intermediate waters slates to North Mediterranean
waters. These waters do not have a great increasalinity in the summer because of
higher precipitation in this area. However, whee summer ends, cold air masses
coming from the continent cool this water down taam colder temperatures than in the
southern areas of the Mediterranean. Because sfctioling, water becomes dense,
sinks, and reaches the intermediate layer. Thegbarno waters have different salinity
and temperature from the Eastern Mediterraneanrsvdteat sank because of high
salinity. When water masses with different progartbut similar density mixes the
result are waters with higher density than theioalgwater masses. These intermediate

waters then sink and bring oxygenated waters tp deders.

The formation of sapropel is attributed to an istBoation of African Monsoons.

Approximately every 21,000 years there is a monaboraxima, which is a response to
orbital cycles that influence the incidence of sakadiation on the planet. During a
monsoonal maximum, there is an intensification recypitation in Northeastern Africa,

which results in an increase in the Nile’s watelunte. Consequently, there is a growth
in the fresh water discharge in the Mediterranedhis input of freshwater prevents
seawater in the Eastern Mediterranean from inangags salinity and consequently
sinking. As we have seen, the mechanism is mads& tywo components: the increase
in salinity in the Eastern Mediterranean and theling of northern Mediterranean

waters. Without the salinity mechanism, the temioeea mechanism is not strong
enough to make surface waters sink beyond the mafgiate water layers. As a
consequence no oxygen reaches the deep sea andwvdems become depleted in
oxygen. As there is no oxygen, most living orgarsghmt would consume the organic
matter sinking from surface waters die. Organictenas then buried in the seafloor

during these periods and form sapropel layers.
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When paleoceanographers look at marine sediments tihe Mediterranean area, they
do not only see different types of sediments, sagcbapropels and limestones. Through
the lithology they see complicated Earth systencgsees involving organic matter,
ocean circulation, fresh water discharge, monsoomstal cycles, etc. This information
underlies their judgements on sampling, as it githesm a sense of where specific
climatic cycles are found in sedimentary formatiodadgements on sampling are
therefore based on mastering the language of ped@ography.
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