Cad.Est.Ling., Campinas, (44):21-55, Jan./Jun. 2003

SPECIALIZED DISCOURSE AND KNOWLEDGE
A case study of the discourse of modern genetics

TEUNA. VAN DIgK
(Universitat Pompeu Fabra, Barcelona)

RESUMO Neste artigo, investigamos algumas das relacde® atiscurso especializado e conhecimento,
por meio do estudo discursivo de um livro-text@erética. Depois da critica a abordagens convera®n
em epistemologia e psicologia em relagdo ao comheweio, argumentamos que em primeiro lugar
precisamos de uma tipologia detalhada de variosgtige conhecimento. O conhecimento cientifico &ém ta
quadro tedrico é definido como um conhecimento eotitipado, geral, abstrato e “certificado” de um
grupo (profissional). Uma analise da estrutura dissiva de um livro-texto de genética sugere que o
conhecimento cientifico é organizado por meio dpemsas especificos, que englobam categorias como
Estrutura, Quantidade, Forma, Composicdo e Fungdmtre outras categorias, especialmente para a
descrigdo das “coisas”. Em seguida, assume-se geendecimento cientifico encontra-se necessariagnent
baseado no conhecimento cotidiano, ndo especiaidgdtoda a comunidade epistémica de uma nagéo ou
cultura. O artigo discute muitas propriedades elpemas sobre a natureza da relagéo entre conhedonen
e discurso e conclui que nés ainda sabemos muitogsobre tal relacéo.

INTRODUCTION

In this paper we examine some properties of theticglships between discourse
and knowledge. More specifically, we focus on tbke rof ‘specialized’ knowledge in
the study of scientific discourse, such as theatisse of contemporary genefics

One of the crucial contributions of modern psychgl@and cognitive science to
the study of discourse has been the recognitiothefvital role of knowledge in the
production and comprehension of text and talk (@ia&r 1972; Schank & Abelson,
1977; Van Dijk & Kintsch, 1983; Wilkes, 1997). Tpeocessing of words, propositions
or sequences of propositions presupposes vast asnofusociocultural knowledge. So
much so that the well-known metaphor of the icebieigften used to explain that only a
small part of the meaning of a text is actuallysible’, that is, expressed in the text
itself, but that a large part remains implicit, ighcontextually irrelevant or inferable
from the explicit propositions of the text --givéme world knowledge of the recipient.
The very useful notion of a ‘mental model' was @uuced to account (among other
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things) for these implicit meanings of discoursehflbon-Laird, 1983; van Dijk &
Kintsch, 1983; van Oostendorp & Goldman, 1999).

Despite these important theoretical advances, mowledge about knowledge and
about the relations between discourse and knowledgfdl quite limited. In this paper,

I shall propose some distinctions between diffetgpés of knowledge, and show how
these also have different impact on discourse gsicg and structure.

A more sophisticated account of the role of knogkeéh discourse processing is
especially relevant in the account of specializedy.( scientific) discourses, whose
production and comprehension crucially depend orioua kinds of specialized
knowledge of its participants. This is most obviaqushe use of technical terminology,
but also extends to many other aspects of speethlizscourse, such as its preferred
topics, overall formats or text-schemas, styletahie (including its typical metaphors),
argumentation patterns, methods of proof and detraiim, the use of tables, figures
and other non-verbal aspects of discourse, andnsdndeed, the knowledge about
specialized discourse properties is part of they \@yecialized knowledge of the
experts. Geneticists not only know about genebos,also how to write and talk about
genetics for a specialized or a lay audience.

Whereas (specialized or other) discursive strustare traditionally assigned to
discourse itself, knowledge is obviously not a @ty of text or talk itself, but of its
users and their communities. This means that krageleis part of an important
category of the context (of use) of a discourse, that discourse-knowledge relations
should be object of research for a theory of texitext relations. In other words, we
know that language users needs (lots of) socio@lltknowledge to produce and
understand meaningful texts, but we need a mucle mxplicit theory of context to tell
us how exactly the management of knowledge in diseprocessing takes place (Van
Dijk, 2002, 2003).

As may be obvious from the previous paragraphs.thberetical framework of
this paper is multidisciplinary. Knowledge is mgirdccounted for in cognitive and
social psychology, and more generally in cognitigeience. Whereas current
philosophical approaches to knowledge are of cotinseconcern of contemporary
epistemology, | am afraid that epistemology hatielibriginal to offer for a more
empirical study of knowledge. Despite a traditidrttmusands of years and thousands
of books, most work in contemporary epistemologlinsted to arcane debates about
“justified true beliefs”, absurd invented exampl@be so-called Gettier counter-
examples) and approaches distributed in variouss g@tich as Idealism, Realism,
Empiricism, Skepticism, Foundationalism, ExtermalisInternalism, Coherentism,
Contextualism, and many other —isms)(see, e.gndd&er & Dretske, 2000; Greco &
Sosa, 1999; Pojman, 1999; Indeed, the sociology amttiropology of knowledge
probably have more to offer when it comes to spgllout what language users in
various cultures (need to) know about the worldomder to be able to engage in
meaningful practices such as discourse. As fothberetical account of the many ways
knowledge is expressed, implied or presupposegétialized discourse, we’'ll have
recourse to several directions in contemporaryadisse studies, although these seldom
deal with an account of what exactly specializedaentific knowledge is (see, among
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many other recent books, Duszak, 1997; Flowerdedd@®22 Gunnarsson, Linell &
Nordberg, 1997; Hyland, 1998; Martin & Veel, 199Bro0sborg, 2000; Ventola &
Mauranen, 1996).

TYPES OF KNOWLEDGE
Cultural, Personal and Group Knowledge

The psychology of discourse processing generafitindgjuishes only one kind of
knowledge, which is not further defined in social cultural terms but which
corresponds to some kind of socioculturally shareliefs (Britton & Graesser, 1996;
Kintsch, 1998; Van Dijk & Kintsch, 1983; Van Oostemp & Zwaan, 1994). The
mental representation of this knowledge is commalagcribed in terms of scripts or
other schematic structures stored in Long Term Mgmbhis kind of sociocultural
knowledge is empirically ‘observable’ by the fagat it is the kind of knowledge that is
presupposed in public discourse, and because ibadly is needed by human beings in
order to be able to understand their surroundieggiage in social practices and in
order to produce and understand discourse. | shalk back to this knowledge below.

In discourse understanding this ‘general’ knowledgeactivated in order to
provide missing information, for instance in thetabishment of local or global
coherence and the construction, in episodic memofrymental models of specific
events. If we define these mental models as theeseptation of the personal
knowledge of individual language users about swemes, we thus obtain another kind
of knowledge besides the more general, sociallyeshknowledge. It may well be true
that for others this ‘personal knowledge’ is no entlian ‘mere belief’, or an opinion,
but for the person who holds these beliefs, they well be ‘true’ and hence constitute
knowledge. The explicit verbal expression of thigiseemic status of personal
knowledge is that language users in such a cassayilor presuppose “I know that...”,
but more often than not, such knowledge will simipdypresupposed in discourse if the
speaker knows that her recipients already know vehat knows. That is, personal
knowledge may be shared by others, for instancé feitmily members, friends or
colleagues, for instance through conversation, tmtil it has been shared, this
knowledge is not generally presupposed in talk ext:tLanguage users know that
speech participants usually do not have accedseto gersonal knowledge unless they
tell them about it. As is the case for other knalgle, language users may have to
account for their knowledge in terms of evaluat{tnuth) criteria, such as personal
experiences: | have seen (heard, etc) it myselknowledge obtained from reliable
sources.

Besides these two kinds of knowledge, namely solio@l and personal
knowledge, | distinguish a third type of knowled@oup knowledge. Such knowledge
has many of the characteristics of socioculturavledge: It is shared by a collectivity
or community of people, and it is also presuppadseatiscourse among the members of
this collectivity. However, unlike generally sharesbciocultural knowledge, group
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knowledge may not generally be presupposed in diseadirected at members of other
groups. Also, as is the case for personal knowledgeup knowledge may well be

qualified as ‘mere belief’ or ‘opinion’, if not ggejudice, by other groups. Much of this
knowledge will be ideologically based.

It is this third kind of knowledge that is paradigme for scholarly, academic,
scientific or other forms of ‘specialized discoursérecisely because of the
(sociological) implications of the power of scierana technology in much of the world
today, it is this kind of scientific knowledge thatoften considered to be the ultimate
criterion of truth and legitimacy, also for the mation of the truth of non-scientific
discourse (Aronowitz, 1988; Foucault, 1980).

Cultural knowledge: Common Ground

| shall assume that the basis of all social reprtasiens shared by all members of
society or culture is constituted by the first kinfl generally shared, sociocultural
knowledge, which | shall call Common Ground (there many related used of the
notion of Common Ground, such as the work by Cl4€86).

We suggested that it is this kind of knowledge tlsajenerally presupposed in
public discourse, although it may be explicitly eegsed and thus taught to new or still
incompetent social actors, such as children and beesnof other cultural groups, for
instance immigrants.

Sometimes Common Ground may be co-extensive wihktitowledge shared by
the users of a specific language, but the sociaisbaf Common Ground beliefs is
usually broader, and may include several languaass, in many respects, the shared
knowledge of people in Western Europe, North Ansedod South America transcends
individual countries and different languages. Ite&sary, one could make a further
distinction between different kinds of “national dwmledge” as it is learned and
presupposed by public discourse in different coesir

Common Ground knowledge is by definition sharedalbynembers of a culture,
and in that respect also defines what is commoes¢Kuipers & Mackor, 1995;
Purckhardt, 1993). Note though that this inclusisntemporal: There is common
ground knowledge today that was considered ‘mefiefbef some group (scholars,
women, ecologists, pacifists, etc) yesterday, daoe versa, there are now group beliefs
(like religions) that were rock-solid part of th@m@mon Ground in the past. In other
words, cultural knowledge is constantly, histodigalhanging. This also implies that
what is commonly accepted as knowledge today, i anture, may be considered
mere belief tomorrow, or in an another culture. Tdmy criterion for beliefs to
constitute knowledge in a culture is that suchdfelare generally accepted to be true
by all competent members. Each culture, and eamlpghowever, develops ‘methods’
or criteria that are used to establish knowledgdooaccount for it. Scientific and
specialized discourses are characteristic exantp&spresuppose or account for such
‘methods’.

Common ground beliefs are not limited to knowledge may also feature
evaluative shared beliefs, that is, social opiniamsattitudes. Usually there are
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differences of opinion about attitudes, and forstheason attitudes usually differ
between groups. However, there is no a priori neagly some attitudes may not be
shared by a whole culture.

Within the same perspective, finally, Common Grolediefs feature norms and
values, which precisely form the evaluation craefidr what members of a culture hold
to be good or bad, and what should (not) be doag. & these norms and values are
also the very knowledge criteria, namely what stichg considered good grounds to
accept beliefs as knowledge. As is the case fo€athmon Ground beliefs, also these
criteria may change — thus, today they are rattiensfic than religious.

We have no idea about the actual size of the Com@mund. One crucial
criterion is that members of the culture are abldetrn its contents in a reasonable
time. Obligatory schooling of some 12+ years isoagh measure, but of course the
curriculum is only a first indication of the conteof Common Ground knowledge,
because children probably learn much more fronr theients, from TV, computers,
internet and from peers than at school. One migatate about a size in the order of
hundreds of thousands of ‘facts’, of which the ¢e&xi of one language alone constitutes
some tens of thousands of word meanings. Anothiarion is strategic accessibility —
the knowledge must be ordered in such a way thatavides virtually immediate
access (measured in milliseconds) for everydayiruskscourse processing and other
social practices.

| already suggested that despite the vast amountvask on knowledge in
epistemology, cognitive science and the sociaihnses, we have only very little insight
into the details of Common Ground knowledge ane@iotiultural beliefs, and how they
are being acquired, changed, stored, used, forgadted applied. In this paper we are
of course unable to even begin to solve this hagk. tRelative to the next parts of this
paper however, we may say that in the same wayeagtigs and biology were
immensely advanced by major projects such as thmaduGenome Project, the
psychology of knowledge would be enormously advenbg a similarly ambitious
mega-project on the Human Episteme — a large etapistudy of the contents and
structure of the shared knowledge of a given celtue.g. by knowledge interviews and
systematic analysis of the presuppositions of puthiscourse. In a much more limited
sense, such studies have been undertaken by aplibgigis, mostly of non-western
cultures, on the one hand (see, e.g. Shore 1996),bs ‘knowledge engineers’ in
Artificial Intelligence interested in, for instancthe specialized knowledge of experts
(Becker & Selman, 1986; Boose, 1988, 1990; Wielent200). Typically, these
different fields of knowledge study mutually ignarach other.

Group knowledge

Scientific and other forms of specialized knowledge defined here as types of
Group Knowledge, that is, knowledge shared by tmenpetent) members of a group.
The precise sociological or social psychologicdirion of what constitutes a ‘group’
is a complex problem beyond the scope of this pdpérobviously we are dealing with
a collectivity of people who have something in cammnsuch as their origin, language,
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education, skills or indeed special knowledge, alf as the social practices based on
these shared resources, including shared aims,spamd values. In this sense, we may
usually speak of @ommunityif the group has some kind of social continuityshill
therefore also use the terms ‘knowledge commuroty“epistemic community’ for
those communities who share the same kind of gkoowledge. Some groups may be
further organized in very complex ways, and featleaders, institutions, and
procedures to become members of such groups,ths isase for political parties and
churches, among others. Indeed, in my theory oblatg, | assume that all social
representations shared by the members of a grogfuding knowledge as well as
attitudes have a shared underlying group ideolbgy tepresents so to speak the self-
schema of a group (Van Dijk, 1998).

Group knowledge is based on, and derived from Com@oound knowledge.
This seems a very strong thesis, for it does natnsenmediately obvious, for instance,
that all scientific knowledge is derived from ewdsty, common sense knowledge. On
the contrary, much scholarship precisely is gedwedards the demonstration that
Common Ground knowledge is often wrong or misguidéet, in an important sense,
also specialist knowledge is constrained by the @omGround beliefs of a culture, as
the history of scholarly knowledge amply demonstat including by the prejudices
that often remain alive in scholarly discourse,if@tance about women or Blacks until
quite recently (Chase, 1975; Van Dijk, 1993). Oftéme relation between group
knowledge and Common Ground knowledge is indireatce technical terms of
scholarly groups may themselves be defined in adwnical terms that are unknown
in the Common Ground. However, for newcomers irhegoup to be able to learn the
specialized knowledge contents, as well as theiajgsad discourse of a group, they
have no other knowledge than that of the relevamh@on Ground, so that specialized
knowledge is ultimately built on Common Ground bfdi— and even if such Common
Ground beliefs may later be partly corrected oe&alized’ by group knowledge. In
other words, it is the acquisition of Group Beli#at is the most obvious argument for
the Common Ground basis of Group Beliefs.

Group knowledge is not necessarily true in at least sense of the term. As we
have seen above, group knowledge may well be fals#herwise misguided, and be
called ‘beliefs’, opinions, illusions or prejudicéy members of other groups. Thus,
even male chauvinist opinions about women may Wellconsidered ‘true’ by male
chauvinists. Crucial though for such knowledge ® dtcepted as such is that the
competent members of the group itself accept swgliefb as ‘true’ or otherwise
validated by the validation criteria of the groupbviously, these are different for
religious, political and scientific groups.

Specialized knowledge
Specialized knowledge, such as academic, schokilgntific, technical and other
kinds of ‘expert’ knowledge which require speciatizeducation or training, is a type of

group knowledge as defined above. That is, it iguaed, shared and used among
members of various kinds of scholarly or other sggdeed communities, defined not
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only by their specialized knowledge, but also bgirthspecialized social practices,
including their specialized discourse and commuiuoa as well as by a complex
network of organizations and institutions such asvaersities, laboratories and
associations. For this paper, perhaps the mosestteg property of these communities
is that their principal aim is the production ofanknowledge —besides the acquisition
of new skills or other specialized practices. Astfithis knowledge may still be
specialized, but at least part of it is assumeletshared by others in society, such as
journalists, teachers and others who distribute pmplularize specialized knowledge
(Ackermann, Anton & McCourt, 1995; Fayard, 1993g@ory & Miller, 1998; Myers,
1990; Scanlon, 1999; Stockimayer, 2001).

The first characterization of specialized knowlegiggt given has a sociological
nature — it is not defined by its own charactessstibut in terms of those who are
supposed to possess and use such knowledge: tleeteexPf course, much further
sociological as well as anthropological analysis this kind of ‘knowledge
communities’ is necessary, continuing the extengioek already done in the sociology
of science (Barnes, 1982). Our attempt to charaetespecialized discourse may be
seen as one of the endeavors to provide such msalptinary account of specialized
knowledge.

However, before we are able to be more explicitualspecialized discourse we
need to have more insight into the nature of sfieeth knowledge itself because it is
on the basis of specialized knowledge that we rteedefine the many varieties of
expert text and talk. Obviously, such questiongddrteebe formulated (also, though not
exclusively!) in cognitive terms: Specialized knedye consists of social
representations shared by communities as definedeahVhat do these representations
look like? Are they different from the kind of regsentations that make up our general,
sociocultural knowledge of the Common Ground?

Since there does not seem to be a priori replidiset®e questions, they can only be
resolved by empirical study of the expressions ases of specialized knowledge, as
we shall also do below. However, we might formulstene theoretical ideas about the
nature of specialized knowledge, so that our ewrglirfesearch is more than a wild
goose chase. We have already assumed that spediltipwledge (ultimately) is based
on and derived from everyday knowledge, for theialw reasons that it can only be
acquired on the basis of what people already knBirst definitions of expert
terminology can only be understood in everyday ser@®f course, expert knowledge
may then proceed to show that our original (noreetjyfknowledge was misguided, but
this again needs to be done in expert terminolobichvitself is ultimately based on
everyday language. The same is true for the adiuisof knowledge based on
experiences, skills and expert action and intevacte.g., in laboratories, which also
need to be acquired on the basis of everyday shfllebservation or manipulating
objects.

In other words, if only for reasons of theoretipaksimony, we may assume that
cognitively speaking expert knowledge is probabdg fundamentally different from
other kinds of socially shared knowledge. Obviougty terms of the objects about
which we have expert knowledge, it is safe to agsalwo that such knowledge is more
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extensive: a biologist simply knows much more alicegs, or cells or genes than non-
experts. Interesting to know is what this ‘much eiousually amounts to, such as
components, structures, causes and consequendedetails of many of the processes
involved.

For instance, language users are intimately familigh language: They use it all
the time, and in many respects they may be ca#lggerts’ in language use, including
extremely refined sensitivity for the most subthiations of meaning and action. Yet,
despite years of language education in schools|daguage users have very little
specialized knowledge about language or discolmesgynd the meaning of words, and
some implicit knowledge about word order. Specalizinguistic knowledge consists
first of all of knowledge about the various levads dimensions of language or
discourse, such as sound, sentence structure, myeapeech acts, or turn-taking, as
accounted for by different sub-theories, such aenplogy, syntax, semantics or
pragmatics, among others. Then for each of theseiazed sub-fields, characteristic
‘units’ are distinguished, as well as the relatitietween them, such as phonemes and
phonological features, phrase structure, propastiand their internal structure, or
speech acts and their appropriateness conditiopyoriél these various forms of
increasingly detailed ‘structural’ analyses, expértguistic description typically
engages in more ‘functional’ analyses: what do éhesrious structures ‘do’ in their
specific environment, both within the structureeits(e.g., what is the ‘function’ of
pronouns in a text, or the function of headlinesa imews article), as well as in terms of
its ‘context’: its users as well as the actionscognitions accomplished by them.
Finally, expert language and discourse knowledgeusnts to detailed insight into the
psychology of language, such as its acquisitiontusdcuse in production and
comprehension, and the relationships of those pggltal processes with other
cognitive processes, e.g. those of learning andanenSimilar specialized knowledge
on language may be provided in a sociological astofithe way language is used in
social situations, by members of different socialugs, and in order to accomplish a
host of social aims.

The point of this for linguists all too familiar sumary of some of the aspects of
the expert linguistic knowledge is to have a fapproximation of the nature of expert
knowledge as different from everyday lay knowled@éviously, at least for language,
such expert knowledge consists of a clear fornrgéization of the field and object of
knowledge, e.g. the knowledge that ‘meaning’ is aspect of language and that such
meaning is studied in semantics. Of course, thezedesputes about many borderline
cases, for instance, about the study of varioumsasf action and interaction, which is
variously studied as part of meaning, or separaielyheories of speech acts, or
pragmatics or conversation analysis or sociolintguesor the ethnography of speaking.
The same confusion exists for the separation betwesaning and cognition, and hence
between semantics and a cognitive account. Thd golrowever (also of the disputes)
to get some ‘order’ in the object of study, and deesome order in the field, e.g., in
terms of partial theories or sub-fields, which seoay constitute their own areas of
specialization, such as phonology, discourse aisatyrspsycholinguistics. Specialized
knowledge, thus, first of all, consists of speciail knowledge about the conventional
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‘parts’ or ‘dimensions’ of the main object of stuflpnguage, discourse, cells, genes,
etc.) and the fields or sub-disciplines that sttiaym.

Secondly, these various aspects or dimensions yatensatically (structurally)
analyzed in terms of units, which are themselvésted in various ways, for instance
how they combine or connect in larger units, and tmus complex hierarchies of units
can be distinguished. Rules or laws may then bendtated for the combinatory
possibilities, as is the case for all kinds of gnaams or the rules of argumentation or
storytelling.

Thirdly, once these units and their complex orgatiin have been identified,
their many functions are examined, defined eitlmeterms of functions in complex
structures, or in terms of various kinds of envinemts (contexts), for instance the
cognitive or social contexts of language, or thelyporgans of the cells studied in
biology.

Although systematic meta-analysis of the discouesel knowledge of all
specialized areas would be necessary to get a detadled picture, it seems warranted
to conclude that specialized knowledge has somie ge@neral properties, such as the
following:

a. Overall organization of object => Overall orgaation of the field

b. Structural analysis of each aspect, dimension obfect: Units, combinatorial
possibilities, processes, rules

c. Functional analysis of units and structures: ¥éna they for?

d. Contextual analysis: Causes, consequencesnetjglas of functions, etc.

This is only a very rough first analysis of the dénof specialized knowledge one
may encounter, and how such knowledge is organibstracting even further, we see
that there are a number of very general principigslved, namely those of Structure
and Function, or those of Structure-Function ondhe hand, and those of Function-
Process on the other hand, as we also know frompehesive distinction between text
and context in discourse studies, or between osgamiand their environment in
biology. All these principles themselves suggesmfo of order and its explanation or
finality: whythings are organized in that way. In other woedgert knowledge is first
of all characterized by extra-ordinary forms of erdr organization, using a large
number of levels or dimensions of observation, ysig| units and functions not usually
distinguished in everyday life —for these same ciisjef study or practice.

We have reason to assume that this kind of abswed¢r, as reflected in
disciplinary discourse and organization is alsokimel of structure associated with the
mental representations of specialized knowledg#edd, crucial of specialized learning
and education is that newcomers learn the fundaherganizational principles of this
specialized knowledge and of the discipline. Suobwdedge about the structure of
specialized knowledge is also crucial for practicahsons such as cooperation,
teamwork, referrals, hiring and the organizationlgbartments and laboratories.

Note however that order, organization, functionadlgsis, contextualization or
specialization are not limited to expert knowled@eit very general properties of
thought and cognition. Also in everyday life, wekaalistinctions between different
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aspects or sectors of nature or society, and wanarg our everyday life accordingly.
We know that trees belong to nature, and are ablmake a very rough ‘structural’
analysis of trees in terms of their trunk, branches leaves, and may distinguish
between different sizes, forms and colors of leaeesl know that trees often form
bigger units like woods, and we have some modgskdawledge about trees needing
light and water and producing oxygen. That is, wevk about global organization,
local structures, various kinds of functions aslaslaspects of the environment. This is
even more the case in situations of everydayftifieinstance for the organization of the
home and its many functions. In other words, spizeid knowledge also in this respect
builds on very general principles of understandamgl explanation of objects, events
and processes in every life. We may need to lehen specific principles of the
organization of an object or discipline, but thee@ll ordering principles themselves
are already pre-programmed for the organizationalbfcognition, and hence not
specific. In other words, our hypotheses on theoization of specialized knowledge
are consistent with what we know about the orgaitimaf knowledge and cognition in
general.

From specialized knowledge to specialized discourse

There seems to be a straightforward relation betvepecialized knowledge and
specialized discourse if the latter is merely dadiras the verbal expression of the
former. In this case the only requirement wouldtheg we ‘translate’ the propositions
of specialized information or knowledge into thadeneanings and that such meanings
are given as input to the rules and strategiefoahulation’ of grammar.

Things are not that simple, however. First of thié epistemic organization of the
mind is not the same as the organization of dismuwhich follows its own rules, and
obeys its own functional requirements in procesfesommunication and interaction.
In other words, the fundamental functional differes of knowledge and discourse
require very different structures. To wit, discairswhether spoken or written—is
basically linear or sequential, whereas knowledgectires are probably hierarchical
and network-like. This means that epistemic stmgstuneed to be ‘linearized’ or
otherwise transformed when used in discourse. Skyoboth everyday as well as
expert knowledge is not always expressed direntl§iscourse, for instance as general,
abstract (generic) propositions, but often instdat, particularized or ‘applied’ in the
representation of specific events, cases or gisti Thus, general principles of
grammar may be ‘applied’ in the acquisition or dggon of grammars of particular
languages, and even these particular, but stikiggrgrammars may be further applied
in the description of specific utterances. Simjyladeneral genetic knowledge about
cells, chromosomes, genes and their internal DNiAcgire may be applied to more
specific, but still general, knowledge about thenhan genome, and that knowledge may
be particularized in the description of (parts gdhome of families or individuals, for
instance in the explanation of genetic disease.

We have seen that this step from the general astta@b to the specific and
individual is cognitively accounted for in terms afental models of events or
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situations. Such mental models feature a specifiecion of particularized general
knowledge items, as well as unique descriptionsewénts, situations and their
participants, such as the experiences or interstd a specific individual. Specialized
discourse may thus express both general knowleslgeth as its specific application in
concrete, particular ‘cases’ (situations, evenlgects, persons, etc.). In the latter case,
discourse often takes the form of stories (everydamgversational stories, or news
stories), whereas specialized discourse in this takes the form of case studies and its
associated ‘stories’ and its own ‘methods’ (lifesthries, interviews, participant
observations, etc.). Characteristic of such stogesot only that general expressions
(variables) are replaced by specific ones (constar@mes), but also that they feature
(unique) combinations of general knowledge thatissally organized or distributed
differently. Thus, in a linguistic case study, wayrtombine (the processing or uses of)
phonological, syntactic, semantic, pragmatic, rfieab or interactional structures and
their interrelations in which that is not immedigtebvious at a more general level.
Similarly, in genetics, case studies of specifisedses may need a combined
application of cell biology, genetic analysis, pbysgy, neurology, and a variety of
medical specializations.

Specialized contexts

Discourse however requires more than this kind oflerbased specialization or
particularization of knowledge in order to reprdseancrete events or ‘cases’, and
needs to be structured also following the basiagiples of functionality mentioned
above, and as represented by the relevant cortstraincommunicative events and
situations, that is, by context. It is only throughexplicit account of such contexts that
we are able to spell out the ways texts are adaptéueir environment, for instance in
terms of its aims, functions, conditions, consegaenor other aspects of the
communicative situation (Duranti, 1992; Van DijkQ9DB, 2002). That is, also expert
discourse fundamentally requires an account omisy modes of contextualization:
Who uses it, when, where, with whom and with whiatsa This adaptation requires
many specialized variable structures, of which natdn patterns (stress, volume) ,
deictic expressions, word order, politeness foregiges, disclaimers, and in general
(lexical and other) style and rhetoric are only s@ramples.

In other words, a theory of specialized discoursquires much more than a
cognitive theory of specialized knowledge exprassiceither in generic terms or in
terms of the combinations of knowledge in mentatlais. It also requires a cognitive
theory of context models that accounts for languaggrs’ ongoing interpretation and
management of the current communicative event,aellsas a sociocultural account of
communicative events and the relevance of its kbgiaproperties in the
accomplishment of discourse. In other words, eorheof specialized discourse
combines a theory of specialized texts with a thedrspecialized contexts. And since
(specialized) participants, or experts, are parsuth a context, also their specialized
knowledge is theoretically part of this account specialized contexts. This
‘contextualization’ of the important knowledge coomgnt of specialized discourse has
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the considerable advantage that it only focusesthenrelevant aspects of such
knowledge. Also experts need not activate theit aawunts of general knowledge, but
only small fragments that are relevant in the usideding or description of specific
problems, cases or details.

The theory of specialized contexts is still on #genda (see however the studies
in the sociology of science that might be usednagiiécal suggestions for such a theory
of context, e.g. Latour, 1987; Latour & Woolgar,869, but we may briefly mention
some of its most obvious features, such as thegoaés that make up the schemas
expert use in the definition of the many contextety in which their expert discourses
have their specialized function: writing and readmonographs and scholarly articles,
observations and analyses, giving lessons andrées;tinolding press conferences or
giving interviews, and so on. These categoriesliug/for instance the overall domain
of the current communicative event (e.g., reseadhcation or health care), the overall
action(s) being accomplished (e.g., investigatache etc.), the current Setting (time,
location, circumstances), the specific actions ived (hold a seminar, give a lecture,
have a research meeting), the participants and Yheibus communicative, social and
professional roles, and their aims, interests,esmkcially knowledge and opinions.

These and other categories are not just a luxurgnoéxtended, contextualized
theory of discourse, but crucial in the accounthofv many specialized and other
discourse structures are adapted to the commurecaituations of any field of
specialization. Thus, in order to be able to waiteadequate textbook for their field of
specialization, experts need to know that the dla@mdion is rather teaching than
investigation, that the current action may be tdéteva chapter or questions for a
textbook rather than for a scholarly seminar (imirg e.g., didactic questions whose
answers are already known), who the recipients(arg., students) and what their
current specialized or non-specialized knowledgeerests and aims are. The overall
organization of the text, its global contents qgpits, its lexical and other aspects of
style, as well as its speech acts, and other tlypitaracteristics (definitions, tables,
illustrations, metaphors and comparisons etc),alirgeared towards one overall goal:
teach specialized knowledge to those who haven'sgch knowledge as yet.

It may be obvious from this brief argument that thealysis of specialized
language goes way beyond even an extension fronciadiged vocabulary or
terminology, grammar and style, to the many disseustructures of specialized
communication (summaries, abstracts, titles, oVerahonical schemata, non-verbal
structures —tables, figures, drawing, film, etand also includes a complex theory of
context structures and text-context relations.

We are now approaching an overall, multidiscipynaheory of specialized
discourse that probably has some future in an adeqiescription and explanation of
this kind of text and talk. This theory has fourimeomponents, of which three have
been briefly described above:

1. A theory of the (linguistic and other) structu# specialized discourse.

2. A theory of specialized knowledge and its relasi to other kinds of knowledge and
social cognition.

3. A theory of specialized contexts and text-contebations.
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4. A theory of the social and cultural structureattform the broader ‘context’ of expert
discourse and communication.

The social and cultural theories will not further dietailed here, also because they
have received ample attention in recent studiescince, such as the constitution of
expert communities; the organization of universitend laboratories as well as the
everyday interactions within them; the role of itional conferences, and the
relationships of power and dominance and how sigefoifms of knowledge in society
are more legitimate than others, and so on.

It should however be stressed that large parteéfiecialized discourse structures
are ultimately to be explained in terms of this engtobal ‘context’ features as defined
by universities, laboratories, and scientific coefees. That is, the communities of
experts are not only knowledge communities and iapeéscourse communities, but
also social communities, and much of this socialeatision required analysis in terms
of specialized talk and text: Universities, laboras, conferences, etc. are largely
discursive. They thus help contextually to constityand legitimate) specialized
discourse and at the same time are constitutet by i

Knowledge and discourse in modern genetics

In the remainder of this paper, we shall apply anther elaborate the overall
framework sketched above in a more detailed stddpme fragments of the discourse
of modern genetics, as exemplified by a widely uedbook, Genética Moderna, by
Griffiths, Gelbart, Miller and Lewontin (Madrid, @ McGraw-Hill Interamericana,
2000).

Contemporary genetics not only constitutes an éstarg example of the fast
developments of expert knowledge in a literallyalvidrea at the boundaries of various
life sciences, neurosciences and cognitive scierit@dso has developed a discourse
that is especially fascinating for linguists andadiurse analysts because it is replete
with linguistic metaphors: language, codes, expoess translation, etc. One might
even speculate about the possibility that modernetes in turn might provide
metaphorical suggestions for theory formation om tktructure and discursive
expression of expert knowledge, an exercise thakeler is beyond the scope of this
paper.

Although genetics is more than one century old, aodted in the plant
experiments of Mendel in the 1@entury, it is only in the last decades that et fast
advances have been made in the structural andidnattanalysis of genes and their
role in the reproduction and management of celts their functions. It is only a few
decades ago that the double helix structure ofmbsomes was discovered by Crick
and Watson, whereas the detailed ‘sequencing’ efctimplex base structure of genes
and their ADN has only been taking place in the déesade, finally culminating in the
huge Human Genome Project that completed itsriggbr stage on June 26, 2001: the
description of all tens of thousands of genes &f tluman genome (Boon, 2002;
Dennis, 2001). That is, the first, ‘structural’ gkaof modern genetics has now been
reached, although complete genetic analysis oflnafig organisms is still on the
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agenda for the future. The next major challenge spell out the complex functions of

these tens of thousands of genes in the contithleofonstruction of the vast amounts of
proteins that make up the cells of our body, eglgdn view of being able to prevent

or repair genetic dysfunctions in many diseases.

It is this (very roughly characterized) frameworkocmntemporary genetics that
constitutes the global background for contempotexys on genetics. Also the textbook
we shall use as example witnesses this historycanént state of the field as well as its
breathtaking recent developments within the Humandine Project.

The aim of the remainder of this paper is to déscrin some detail how
specialized genetic knowledge is expressed or ppemed in the specialized discourse
of a textbook. We use a textbook as example bedaiserecisely in such types of
didactic discourse that we are able to observearemaxplicit detail the construction of
specialized knowledge. The idea is that student® wdad this text have little
knowledge of genetics as yet, and that throughioeitbtook they slowly build up the
canonical minimum knowledge required for students(among other disciplines)
biology and medicine. Of course, this does notmgake them experts in genetics, but
the textbook itself is organized and written by extp in genetics, and should show how
their expert knowledge is organized, and especiadiw they think students should
organize their knowledge about genetics. That éxtbboks like this also have
normative characteristics, and thus show how egpmgke explicit the norms, values
and principles underlying their knowledge and itgamization, and how students
shouldthink about genetic issues.

We shall be relatively brief and informal about hartvise crucial—issues of
discourse genre: Textbooks are a prominent genrehbsmselves, and in need of
detailed formal, semantic, pragmatic and semiatighsis (Apple & Christian-Smith,
1991; Britton, Woodward & Binkley, 1993; see alsentke, 1990). Pragmatically
speaking, textbooks emphasize the role of the tmasson of knowledge, since as
global speech acts they count as assertions, vanetuppose that the writer(s) assume
that the reader(s) do not yet know the contenthef text. In a broader contextual
analysis, as suggested above, one would thus agkatriextbooks belong to the genre
of pedagogic discourses, and hence to the ovemalegt domain of education.

Since this textbook we analyze is on geneticsdtiaain is more specifically that
of scientific education, combining science with eation. As for the (production)
setting, it only is contextually relevant that s published in 2000, so that we know
what ‘modern’ in the title implies. The publishéi¢Graw-Hill) will be recognized as
well-known publisher of textbooks, and the authass well-known geneticists and
authors of textbooks. The contextual aim of theharg is obvious not only from the
genre, but also from the text itself: they aim fgega first introduction to modern
genetics. More particularly (p. xv) they want tads on DNA analysis first, rather than
to give a traditional historical account of the de®pment of genetics (typically
beginning with Mendel, as they still did in theiwvio earlier book on genetic analysis).
The extensive Preface of the book spells out inenttatail what the specific aims and
characteristics of the book are, and who are adddeas users and readers. Finally, the
context model of the authors should feature mordess detailed ideas about the
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knowledge of the readers, and we shall see in aenbmhat these presuppositions
amount to. Obviously, the presupposed knowledgadee than just general Common
Ground, because there are many technical notioafs ate supposed to be known
already, and in this respect this text on gengpiesupposes earlier knowledge on
biology or medicine, of at least high school lepteis or one or two years of college.

In more formal terms, the textbooks shows the famibrganization in chapters
(there are 18 chapters in some 600 pages), argdtlas case for modern textbooks, it is
richly illustrated by numerous photos and drawirggsnultimodal presentation that is
essential for education in modern genetics (se® d&lsess, 2001). Also the
superstructure of the book is typical for moderttlieoks, especially those in the USA,
of which the current one is a translation. The bbag two initial tables of contents, one
just listing the chapters and their titles, andtheoone, following it, with more detailed
information about the contents of the chaptersetaitbd Preface presents the book, its
authors and its aims, followed by some literatuBecause this kind of major text
requires collaboration and evaluation by many peotilere is a fairly large list of
Acknowledgements following the Preface. A glossaegommended literature, solution
to problems and a detailed index close the bookhEzapter begins with an brief
point-by-point overview, and is closed by a summarynap of concepts and various
types of questions and assignments, all designegtimize the learning process, as we
also know from the contemporary psychology of tesdcessing, which confirms the
vital role of prior or posterior macro-organizatiofitext for memory.

There is no standard way to do an ‘epistemic’ asialpf discourse. Knowledge
may be expressed, signaled or presupposed in mays. @iven the aims of this paper,
then, I'll focus on the interplay between Commoro@rd knowledge and specialized
knowledge at several levels, and especially atethel of semantics and the ‘pragmatic’
expression of context. Such a ‘contextual’ analysieelevant not so much because it
expresses the kinds of specialized knowledge jtdmift rather because it signals
properties of the communicative situation that thi@ context models of the authors —
are relevant for the understanding and the usésiofextbook. Indeed, many of these
properties define the very genre of textbooks, ame part of the definition of
specialized discourse as a class of genres. Thatmy well be the fact that a text is
written by experts and for experts-to-be, and wlith obvious knowledge these have,
rather than any special property of the text ifsthlait makes it a type of specialized
discourse.

Introducing a field

Textbooks introduce disciplines, areas, fieldsngpartant scholarly topics, and it
is therefore important that such introductions gegydmd mere communication of
specialized knowledge, but relate the new fieldtteer specialized fields, and indicate
why the study of such a field is relevant, for amste because of its practical
applications. Because textbooks are generally addceto students (and authors have
such knowledge stored in their context models of Kind of communicative events),
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they first need to provide ‘maotivation’ by spelliogit why the new field is interesting or
important for the readers.

This is indeed what the first Chapter (“Genéticaey vivo”) aims to do: Present
the field of genetics, why it is important, and whas all about:

Por qué estudiar Genética? Hay dos razones baBiegeimer lugar, la Genética ocupa hoy la
posicion de pivote sobre que gira toda la Biologjgpor tanto, resulta esencial para cualquier
estudioso serio de la vida animal, vegetal o miamd En segundo lugar, la Genética ha
llegado a tener un protagonismo central, como @eetininguna otra disciplina cientifica, en

numerosos aspectos de la vida del hombre. Afectmiestra humanidad de formas muy

diversas. Ciertamente los temas genéticos aflararuestras vidas casi diariamente, y ninguna
persona instruida puede permitirse ignorar susuthesuientos. En este capitulo haremos una
revision general de la ciencia de la Genética, randb como ha llegado a ocupar una posicién
tan crucial. Oferecemos, ademds, un panorama ¢esrer que poder encajar los siguientes
capitulos (p. 2).

We see that this opening paragraph of the firspthaof the textbook (after
various general remarks about the discipline inRteface) is especially of a persuasive
nature, in the sense of giving arguments why gesiétiworthy of study, and providing
some first indications of the place of geneticthim sciences as well as in everyday life.
These arguments may well be based on facts, byt llawe a clear evaluative
dimension, and hence may also be categorized asoopj for instance when the
authors claim the primacy of genetics in the stoflynumanity — opinions that are
further sustained in the rest of this chapter. Raiefor our own analysis is the fact that
within the context-bound (while student-addresseafts of this first fragment of the
first chapter, the specialized knowledge express®ombout the overall place and
relevance of the discipline in the sciences andamulife. That is, students are not only
motivated to learn about genetics, and hence td a@a use this book (a contextual
concern expressed also by references to “estudsesm” and “ninguna persona
instruida”), but also are indoctrinated with sonasib attitudes and ideologies about the
(superiority, priority of) the field. Knowledge canunication is thus not the only aim
of a textbook that introduces a new field. Noteodlsat no specialized knowledge is
required for the comprehension of this first paagdr. It does not contain technical
terms, and the knowledge presupposed here is reggatbof readers’ Common Ground
knowledge:

Expression Common knowledge presupposed
Estudiar genetica Genetics is an academic discipline
Biologia Discipline that studies life

Study People have reasons to study something
Sus descubrimientos Science makes discoveries

Etc.

36



Defining a field and its basic concepts

Once mentioned the relevance of the discipline dtirer disciplines and for
everyday life in general, a textbook typically need define the field, also in order to
distinguish it from other fields. Definitions nohly are a prominent and quite typical
semantic strategy of specialized discourse, fotams, in the introduction of new
terms, but also as a means to delimitate the fald its research, in relation to
neighboring fields (Grize, 1981; Moirand, 1999; €zathiglia & Van Dijk, 2004):

(1) Primero debemos definir la Genética. Algunosidéinen como el estudio de la herencia,
pero los fenémenos hereditarios han llamado lac&irrde los seres humanos desde los albores
de la civilizacion. Mucho antes de que existieraBlalogia o la Genética como disciplinas
cientificas que hoy conocemos, los pueblos antigngiraban plantas cultivables y animales
domésticos, escogiendo para cruzarlos aquellovithehs de caracteristicas mas deseables.
(...) Pero entendido como un conjunto de postuladde ynetodos analiticos, la Genética no
comenz6 hasta la década 1860 cuando un monje alisado Gregor Mendel (figura 1-1)
realiz6 una serie de experimentos que apuntabaresidtencia de unos elementos biolégicos
llamadosgenes La palabra Genética deriva de “genes”, y sonsekts que constituyen el
epicentro del tema. Para los genéticos, los gesresiempre el objeto central de sus estudios,
realicen estos al nivel molecular, celular, orgamisfamiliar, poblacional o evaluativo. Dicho
en pocas palabras, la Genética es el estudio drefes. (p. 2)

This paragraph combines several properties of afieeil discourse: it defines
and delimits a field of study, it gives a succifgtoto-history’ (“los albores de la
civilizacion”), marks the beginning of the ‘moderdiscipline, and at the same time
introduces the founding father (Mendel), and presia first description of what genes
are: “elementos biologicos” before providing a mdetailed description and definition
of genes in the next paragraph. Implicitly it alsolemicizes with other geneticists
(“algunos definen...”) who define genetics in ternfsheredity, but at the same time
shows that questions of heredity need explanatian raore elementary level, namely
that of genes.

Again, this paragraph hardly shows technical teaboigy, and all information can
be readily understood in terms of Common Groundikadge. If any, it introduces the
notion of gene, vaguely defined as a ‘biologicaneént’ — presupposing that the
readers make a possible association with chemiealents, and hence with some kind
of ‘building block’. Any structural analysis, als$n genetics, needs to identify its basic
building blocks, and genes are thus introduced defihed as the core ‘elements’
studied in the discipline. Of course, this is meralfirst, still very primitive, step,
because surely geneticists do more than merely steides.

Another informally introduced aspect of field knedbe is the series of levels or
scopes usually applied in genetics and biologyningm from the smaller or more
elementary to the bigger or macro: cells, organjsfiasnilies, populations and
evolution. The culminating definition, at the enftlee paragraph, is merely trivial in
this respect, like defining linguistics as the stofllanguage.

Interesting for our analysis in this paragraph esn first of all the fact that the
first paragraphs of technical textbooks begin in-technical terminology that is readily
comprehensible for beginners. Secondly, that fatescriptions or definitions of
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technical terms (like ‘genes’) may already be gjveat only in very informal, non-
technical terms. Thirdly, the knowledge conveyethis case pertains to different kinds
of aspects of a discipline (as was the case fomptkeious paragraph): protohistory,
modern history, founding father, misconceptions,d aalternative (misguided)
definitions, as well as the levels or scopes athlgenetics may be at work. In other
words and as we have stressed before, specialimslédge is not limited to complex
structural information about specialized objectgpbenomena, but may involve many
other aspects of a discipline: social and scientédlevance and history.

Of course, academic textbooks of science do notairenat this general,
understandable level of terminology. The next paply therefore immediately goes
over to the more technical definition of genes:

(2) Qué son los genes? Los genes estan hechosadmasromolécula, trenzada en forma de
helice doble, llamadacido desoxirribonucléicq abbreviadament®eNA. El DNA, el material
hereditario que se transmite de una generaciosiguéente, dicta las caracteristicas propias de
una especie. La informacion esta codificada en MADen forma de una secuencia de
subunidades quimicas denominadagleotidos. Cada célula de un organismo contiene,
tipicamente, uno o dos copias de la dotacién cdmple DNA, llamadaenoma El propio
genoma esta constituido por una o mas moléculaDMNA extraordinariamente largas,
empaquetada cada una de ellas en una estructuoaighxdacromosoma Los genes son,
simplemente, las unidades funcionales del DNA cs@muco.

After the first general information about genetissa discipline, the textbook here
proceeds to provide some first technical defingicand terminology — still at an
elementary level of introductory biology — thuskiimy various key notions of genetics.
Note that at this first level of definition, the steibing part is formulated in structural
terms (x is made of y, x consists of y, x has sitbu x contains y, etc.). The first
definition is not entirely formulated in Common Grm terms. For instance,
presupposed is the notion of ‘macromolecule’, pbipaéecause a genetics course
presupposes elementary secondary or college biaoghemistry. On the other hand,
molecule may be one of those terms that used tpabeof technical vocabulary, but
that has entered the general lexicon, and sinee‘miacro’ is part of that, even those
who do not know about introductory biology or cheimyi, would know more or less
what a macromolecule is. Note also the standardqifis) metaphor in the description
of the form of the macromolecule as a ‘double heligther metaphors, like
‘corkscrew’, could have been used, but sound lestig-scientific — an issue we shall
further ignore here). Third, complex chemical naraes usually abbreviated — and in
this case the abbreviation (DNA) also has becomedstrdized and famous, and used
so often in everyday, media discourse that it alsy be considered part of Common
Ground knowledge (but only the abbreviation, netfill name). Also a first functional
element is introduced — namely a description oftvibldA does (transmits hereditary
material to the next generation). The relevantgaftthis (complex) definition are
semantically marked by the metalinguistic expressare called”, introducing a new
term, which is also typographically marked in badlhte that a sequence of definitions,
like this one, also allows a further specificatmfran earlier definition. Thus, genes are
first described as a macromolecule, and after tefnion of a chromosome (a
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definition built itself on the notions of ‘gene’ @rigenome’), they can “simply” be
defined as functional parts of chromosomes. Thimfof ‘simplification’ is important

in scientific discourse and definitions, becausasiigns further order to the system of
expert knowledge thus construed, which is esseiidh for experts and newcomers, to
learn and daily manipulate the complex network ohaepts that make up expert
knowledge.

Note that the sequence of definitions given ini€@)merely a first step in the
expression and didactic production of expert kndgte the rest of the book provides
much more information on the structures and fumstiof genes, chromosomes and
their DNA. Indeed, the definition given here adiela summary or macrostructure
organizing a vast network of further definitions.ety even this initial ‘macro-
definition’, as we may call it, already shows sdpasic properties of expert knowledge,
such as knowledge about:

(i)  structure, composition (x is composed of y, x csissdf y)
(i)  form (x has the form of y)

(iif)  composition (x consist of y, X is made of y)

(iv) functions (x has the function y, x ‘does’ y)

(v)  naming, terminology (x is called y)

(vi) knowledge about abbreviations (x is abbreviateg) as
(vii) conceptual hierarchies and simplifications (x mly y)

Each of this elements of knowledge may be basedtber elements of expert
knowledge (x consists of y, which consists of z,)etor is rooted in the knowledge or
experiences represented in Common Ground (‘in twenfof a double helix’,
‘hereditary material transmitted from generatiorthie next’). Some knowledge seems
to characterize the borderline between general exgert knowledge, such as
‘macromolecules’ and ‘sequence of chemical suburiitsis suggests that distinction
between general, sociocultural knowledge and eXpeniviedge is fuzzy, and that some
very general specialized knowledge may already lentered the Common Ground.
We might introduce a new term for this kind of ‘séechnical’ knowledge that is
presupposed in textbooks and in popularizing @giéh the press, and which usually
derives from secondary education or (earlier) papzihg articles in the mass media.
The criterion here is that such notions are noindefin the textbook, and probably
would not be defined in public discourse, e.g.thef media, either. Note also that the
general properties of expert knowledge as listegi-uii) are also part of the Common
Ground: the concepts of structure, form, compasjtioaming etc. are not as such
technical notions. Sometimes Common Ground notemesused that are difficult to
interpret by newcomers. For instance, the definitspeaks about “the information is
coded...”, but it does not explain here what kindilformation’ is involved here, or
whether this is merely one of the typical metaplajrgenetics (Keller, 1995; Rothbart,
1997).

A sequence of definitions expresses part of expmotvledge, but this does not
mean that didactically such a sequence is compsdilenfor beginners. It is not
unlikely, for instance, that the sequence express€®), needs other didactic means in
order to be fully understood and anchored in the egpert knowledge of a beginner,
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for instance with a drawing or schema, as is disocase here: A sequence of drawings
running from macro (organism: human being) on #fe to the double helix of DNA
on the right at the micro level, going through sektell nuclei, chromosomes, and
genes. Indeed, as is the case for discourse copnmiem in general, also experts need
general schemata that ‘figuratively’ representriiations between different concepts.

The textbook continues its first definitions in th@me paragraph, by explaining
that genes basically control cell (re)productiond agspecially the production of
proteins, through DNA-copying (‘transcription’) smtmessenger-DNA, which is then
‘translated’ into polypeptides which in turn fornhet proteins, which define the
properties of cells, which finally define the profies of the organism. That is, we
witness the same sequence of structural and furadtaescriptions as we have analyzed
above, introducing new terms (marked in bold), mfi¢ a metaphorical nature. By thus
going back and forth between elementary struct(geses, DNA) and their functions
and higher level constructs (proteins, cells, oigrahwe again witness the way expert
knowledge organizes and at the same time expléi@sworld, and thus reduces it
complexity and mystery. Genetics is thus not jugbeet knowledge about genes,
chromosomes and cells, but also designed, forntlkatel developed with explanatory
aims: Genes explain heredity — why next generatianms similar or different from
earlier generations.

The relevance of a discipline

The reason why the definitions given above are sef land still very little
technical, and doing no more than introducing ali@sic notions, becomes clear in the
next sections of the chapter, which deal with thle of genetics in human affairs. As
we may recall, this is the overall topic of thisapker, and the technical definitions just
provide the minimum technical knowledge neededxjaain why genetics is relevant
for humankind — which is an essential componerthefpersuasive (context-dependent)
aims of making a discipline attractive for studefiise discourse in this case reverts to
presupposing general Common Ground knowledge apdriexce, namely about our
clothes, food and their origin:

(3) Eche un vistazo a la ropa que lleva. El algodésu camisa y de sus pantalones procede de
plantas de algodéon que difieren de sus ancestragafes por haber sufrido un intenso
programa de mejora, consistente en la aplicacidddita de postulados genéticos estandares.
Lo mismo podria decirse de la oveja que produjarna de su chaleco o de su abrigo. Piense
tambien en su comida mas reciente. Puede estarosdgujue el arroz, el trigo, el pollo, la
ternera, el cerdo y el resto de los principaleswigmos que sirven de alimento a los seres
humanos en este planeta y animales, mediante itzagiph de métodos genéticos estandares.
(p-3).

Still, although formulated in Common Ground teritiere is still formulation of
what might for at least some students constitute kreowledge: That cotton and sheep
have been genetically ‘improved’ since earlier gatiens. Fragments such as (3) are
typical of didactic texts, especially because tlaghor the aims and reasons of a
discipline in everyday life — that is, they defite social relevance of a discipline, and
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hence also its scholarly importance. Even the sif/khis fragment tries to imitate that

of ordinary discourse (‘eche un vistazo’, ‘pienaebien’, etc.), and for the first time

addresses the student(s) directly, an importantegtual feature. The rest of the
chapter similarly switches between some furthehn@al information (e.g., about

variation, phenotypes and genotypes, etc.) and mgereeral statements about its
relevance, for instance in the improvement of @antfoods, in medicine as well as in
biology. Again, although formulated largely in ntaehnical terms, these parts of the
book do express and teach knowledge, namely aheunany applications of the field

— including about well-known cloning experimentglsas that of lamb Dolly, as well

as about such well-known diseases as AIDS. It Ig after the general introductory

chapter that explains the relevance of geneticsvaryday life that we find a chapter
that focuses on the much more detailed structurgere and genome.

Teaching knowledge about structure

The systematic construction of specialized knowdeitigtextbooks often proceeds
by teaching about basic units and their mutualticeiahips. As soon as genetics is
roughly defined as the science that deals wittsthectures and functions of genes, the
more technical chapters need to detail what gereemade of, how genes are related in
the whole genome, and so on. Chapter 2 of our dektldoes just that: defining genes
in terms of DNA and describing the famous ‘doubdéixh structure of DNA. Note how
the textbook does this -- again, often interspemsigd generally understandable non-
technical language, as in the following passagéctwive shall cite at length, because it
is very typical:

(4) La minima unidad viva es la célula (...) Cémoosganiza el DNA en una célula? La
dotacion completa de DNA de un organismo se dersgenoma.Estd compuesto por largas
moléculas de DNA que son, en definitiva, los pipadés componentes de los cromosomas.
Cada cromosoma esta compuesto por una Unica meléeuDNA, portadora de muchos genes.
Como ya se trat6 en el Capitulo 1, los genes gpianes de DNA cromosémico que pueden ser
transcritas a RNA. Los genomas de la mayoria dertgsnismos procariéticos consisten en un
en un Unico cromosoma, mientras que los genoméssdricariotas estan formados por varios
0 muchos cromosomas. (...)

El DNA tiene tres tipos de componentes quimicosfaim, un azucar llamado
desoxirribosa, y cuatro bases nitrogenadas: adegirsaina, citosina, timina. Dos de las bases,
adenina y guanina, estan formados por un dobléoatflico de compuestos denominados
purinas.Las otras dos bases, citosina y timina, presentanestructura con un solo anillo del
tipo denominadapirimidina. Los componentes quimicos del DNA estan organdoian
grupos llamadosucleétidos cada uno de las cuales esta compuesto por up fpsfato, una
molécula de desoxiribosa y alguna de las cuatreshaisrogenadas. En adelante, nombraremos
a cada nucleétido por la primera letra de su bAsés, C y T. La figura 2-1 muestra las
estructuras de los cuatro nucleétidos presentes BNA. (...)

El DNA estd compuesto por dos cadenas (hebras)udiediidos entrelazadas que
forman una doble hélice. Las dos hebras se mantjeméas mediante la formacién de enlaces
débiles entre bases de cada una de las hebrasanfdomuna estructura parecida a una
estructura de caracol en espiral (Figura 2-2). dfjueleto de cada cadena es un polimero
formado por repeticiones de azlcar desoxirribogasfato. Las uniones entre el azlcar y el
fosfato se denominagnlaces fosfodéster(p. 24-25).
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After the more informal introduction of genes, amasomes and DNA in the first
chapter, it is the aim of this chapter to introdthoe students to the internal structures of
cells, chromosomes and genes, and it does soyistensatic way, using the following
structure-descriptors:

0] la minima unidad es

(i) el X se organiza ...

(i) X estd compuesta de Y

(iv) Xy Y son los (principales) componentes de Z
(v) Y tiene ... componentes Y

(vi) X consistenenY

(vii) Xestdformadode, Z...

(viii) X presenta una estructura de Y

Structure descriptors usually are of the formatcofisists of Y’ and hence are
relational descriptions that either link two knowotions, or more often, as is the case
here, links a known notion with unknown, new, otyat undiscussed concept. Thus, if
X is known, not only is it said that X consists f but also Y needs to be lexically
defined or introduced in another way, here foradnse which such metalinguistic
expressions as “que se denoma...” or “llamados” (fetails of the structure of
reformulations in popularization discourse, segqy.,eJacobi, 1987: 64 ff; for
paraphrases, see Fuchs, 1982, 1993).

Structural descriptions however, are not limitedthe rather general inclusion
relations (consists of, has ... units, etc.) but mksp introduce more structure, as the
“double ring” used in the passage on “purinas”, asgecially the use of “cadenas”,
“entrelazadas” and comparisons (“estructuras pdasck”) in the description of the
spiraling ring of DNA (compared to a staircase)aaslouble helix'. It is also at this
point that a historical section (printed in a fraema with other printing type) tells the
students about the discovery of the structure oAM Watson and Crick.

After such a sequence of structure-analytic defing, the overall structure may
be represented graphically, as is signaled at titk of this passage. Note also that
structure descriptions vaguely but casually prosddme more information than that X
consists of Y, such as the further --sometimeserathgue-- description of these units
in terms of “largas”, “principales”, “Unica”, “muds”, “varios”, “double” or numbers.
It is only in a next section that sizes (of genelsromosomes, etc) will be more
precisely defined, for instance in “kb” (kilobasefiousands of bases) o “mb”
(megabases, millions of bases).

In sum, the kind of expert knowledge being (didzadty) expressed here consists
of structural information about units of variousdés of generality, relations between
the units, and some indication on form, quantitgd anportance. This knowledge can
be graphically expressed, but also by various stahdexpressions that describe
relationships (‘consist of’, ‘composed of’, etc)hdse expressions are part of the
language and discourse of science, but also appeawn-specialized discourse, and
their variation is often stylistic rather than agpression of (knowledge about) different
relationships. In other words, knowledge about o#lationship (part-whole) may be
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variously expressed in many ways. What however mdlgedoes not vary are the
technical terms chosen for the structural unitsidedves.

As suggested before, both in linguistics and gesgtitudents need to learn about
complex structures and their components, as welbasit functions:

(5) Qué relacion existe entre la estructura del DNgun funcién como molécula hereditaria?
(p. 29).

This will be the topic of the next chapter of tlegtbook, but it is here suggested
already what kind of structures CDA must have iteorto be able to exercise its role in
heredity.

KNOWLEDGE AND IGNORANCE

Scholarly and specialized discourse not only exggeexpert knowledge, but may
be expected to also express lack of knowledge, ithagnorance. Note that failing
knowledge cannot be expressed as such (there siramaunts of --future-- knowledge
also experts have no clue about), but that only lwowledge about our lack of
knowledgecan be expressed, e.g., We know about the exesteh, but we do not
know its structure or function, etc. In generalpmssions of ignorance imply at least
partial knowledge, because the very fact that vee abyle to mention or describe a
phenomenon already suggests at least some knowdeatgst least, conjectures-- about
it. The expression ‘I do not know that p’ is pragizaly inconsistent, and the
expression ‘I do not know whether p’ is pragmaticabrrect if it presupposes that |
consider ‘p’ a possible state of affairs. This nsetivat lack of knowledge as expressed
in specialized discourse in general and textbookgairticular, should be as carefully
managed as knowledge. Only once in a while it maase to say what we aot
know, for instance when readers at a given momeyt Ioe expected to want to know
about a phenomenon. Let us examine some examplasiobf displays of lacking
knowledge:

(6) El intento de definir con precisién qué es wm ge ve dificultado por el hecho de que
(como vimos en Capitulo 1) muchos genes eucar®tmmtienen misteriosos segmentos de
DNA, llamadasntrones, que se enuentran intercalados en la region trigmsial gen (p. 29).

In this example the lack of knowledge is not cortgl@ve do know a lot about
genes), but only pertains to the difficulties oetxdefinition (delimitation) of genes in
relation to other (possibly non-functional) parfsDiNA in chromosomes. That is, we
have rather precise knowledge about where our @ymer lies, and if we had the
instruments we probably would be able to resoha thnorance. The pragmatic and
social functions of the expression of (partial)dggmnce are obvious. They not only are
correct descriptions of the current state of knoggeeand ignorance of a discipline, but
may imply as many suggestions for future resedredt,is, a program and indication of
the direction of investigation in a discipline. Mahough that textbooks need to keep

43



students interested, and such interest is probatye effectively elicited with
‘positive’ discourse about what v know, than by ‘negative’ discourse about the vast
amounts of knowledge we are still lacking. The samdrue --for other social or
professional reasons (prestige, etc.)-- in scholmdnographs and articles in journals,
which seldom focus on all the things we still da know in a discipline or about a
problem.

In our textbook, there are not many lengthy passdlgat detail the state of our
ignorance. Here are some examples:

(7) ¢Qué tipos diferentes de genes se requierencpastruir un organismo? Todavia no puede
darse una respuesta completa a esta pregunta,spetiene cierta idea de las categorias
generales de genes y del tamafio relativo de estiagoeias. (p. 77)

(8) A partir de tales estimaciones puede empezzeriilarse vagamente la base genética que
sustenta la vida de este planeta, incluyendo la gdpecie humana. (p. 78)

(9) Desde tiempos immemoriales, uno de los migted®la herencia ha sido la transmision de
las caracteristicas de un organismo. (p. 86).

(20) (...) aunque actualmente se sabe mucho acerossttactura y funcién de genes
individuales, se sabe poco acercagdoacipios por los cuales las regiones de DNA funcionales
y 0 no funcionales se organizan en genomas consplgto) Se sabe que hay conservacion en
los genes entre grupos taxonomicos relacionadeos,neese ha establecido si esta conservacion
es significativa. (p. 374).

(11) La existencia de DNA sin funcién conocida eglilema para los genéticos. (p. 382).

The ignorance made explicit in these fragmentsiappgb types of genes, the
genetic basis of life, the mysteries of heredity &me principles of the organization of
genomes, that is, to very general and fundamesgaks. However, the formulation of
these kinds of ignorance is different:

- todavia no se puede dar una respuesta completa

- estimaciones... vagamente

- misterios

- se sabe poco; se sabe ..pero no se ha establecido...
- es un dilema para los genéticos

These different expressions also suggest differaatles of knowledge and
ignorance: Giving complete answers presupposesabatiready have partial answers
and that there are questions; if we know somethbmut a vague profile of the basis of
genetics, we at least have vague knowledge; mgstem the other hand imply total
ignorance and hence is associated to the histosgience or the experiences of people
confronted with natural phenomena. Indeed, notiee difference between ‘it is not
known” and “it has not yet been established”, wher&dilemma” rather pertains to
uncertainty of action rather than to knowledgeother words, these variations in the
description of ignorance are not merely stylistiaf different expressions of different
modes of not-knowing.
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Based on these few examples, we may go one stéqefuand devise a typology
of knowledge and ignorance:

. Complete vs. incomplete (partial) knowledge
. Knowledge vs. belief (conjecture, hypothesis, etc.)
. Precise vs. vague knowledge
. Scholarly vs. lay knowledge and ignorance
. Knowing/ignoring answers to questions (vs. ignotting questions)
. Provisional vs. established knowledge
- Hypotheses vs. proof
- etc.
. Knowledge/ignorance about

- whole vs. parts

- structures vs. functions

- phenomena vs. their explanation
etc.

This partial (sic!) typology obviously needs to é&gended and systematized on
the basis of both a theory of knowledge and grodridean empirical investigation of
the (expressions of) knowledge and ignorance botlevieryday life, as well as in
specialized contexts. Rather obvious however ig#meral division between the

(&) nature or quality of the knowledge itself (complptatial, precise/vague, securef/insecure),

(b) those who have such knowledge (scholars, lay psyson

(c) the variations in the referents or extensions ofkmowledge, that is, what we have knowledge
or ignoranceabout such as the large number of (meta)propertiehiofys and phenomena:
structures, functions, origin, goals, explanatiats,

PROCESS KNOWLEDGE

Much of the knowledge and ignorance examined atapies to things (like
genes), their structures, their components andtiume: Large part of our knowledge,
also our specialized knowledge in genetics, howesgplies to theprocessesn which
such things or structures are involved. Indeed, vy point of genetics, as is also
obvious from our textbook, is to explain such gehdsiological phenomena or
processes as heredity, mutations or diseases. Bsuspm the second chapter, and
once introduced the basic building blocks of thaamee, the textbook introduces the
students into the ways the genetic informationees is being transcribed into RNA,
and how the transcribed information in RNA finalads to the construction of the
basic proteins of organisms through a processarfsiation”:

(12) Como hemos visto previamente, los product@saies de todos los genes son los acidos
ribonucléicos (RNA). EI RNA se sintetiza mediante proceso que copia la secuencia
nucleotidica del DNA. Puesto que este proceso rdaul@ transcripcion o copia de palabras
escritas, el proceso de sintesis de RNA se cormuetranscripcion. (p. 52).
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(13) La secuencia de nucleétidos del mRNA se cotevin la secuencia de aminoacidos de la
cadena polipeptidica por un proceso denominaaducciéon. En este contexto, la palabra
traducciénse utiliza con un sentido muy similar al de ladtrecion de un idioma: la célula
dispone de un mecanismo para traducir el lengugljdRNA al lenguaje de los polipéptidos.
Las proteinas se componen de una o mas cadenpspitdicas. (p. 53).

Process knowledge is generally difficult to deser@nd explain, and cannot easily
be represented in schemas or still pictures. Thugrder to explain in (12) the
synthesis of RNA the authors have recourse to thiktkmown metaphor of ‘making
copies’ and ‘transcription’, of which the studenis have at least approximate beliefs
that can be inferred from general knowledge. Thmesas true for the linguistic
metaphor of ‘translation’ in (13). Note also thateteas the concepts explained so far
are related to a large variety of ‘objects’ (prdfeesr of genes and genomas) for which
specialized terminology exists, knowledge aboutcesses and their linguistic
conceptualization are wusually expressed in lesshnteal vocabulary (verbs,
nominalizations, and adjectives), such as ‘synffie&hanges’ etc. We have seen
above that much of the didactic language of gesetpears to be based on linguistic
metaphors, in which the ‘language’ or ‘code’ of giics (DNA, RNA) is expressed in
‘words’ (or ‘sentences’?) of genes that need tarbaslated into the code of another
language (that of proteins). It needs no furthenment that these metaphors are only
very approximate comparisons with what happengah translation. At this point, we
are not even sure whether we are speaking of dettgords, phrases, sentences,
paragraphs or whole texts that are to be the Igtigucomparisons of genetic units of
analysis.

To have another impression of the kinds of diseersxpression of genetic
processes we find in our textbook, consider thiefohg examples:

(14) Se produce una separacion local de las deneadp. 54)

(15) A continuacion, nucledtidos libres sintetizadm otra parte de la celula se emparejan con
el DNA molde, “atraidos” por las bases complemeasaen el mismo (p. 54)

(16) Este proceso estéa catalizado pgdimerasa de RNA (p. 54)

(17) La polimerasa de RNA se mueve a lo largo ddAPmanteniendo una “burbuja” de
trancription donde expone la cadena molde, y @atali

We see that the specialized knowledge about whagdres in cells is formulated
in rather everyday terms (“separacion”, “emparejése mueve”, “exponer”, etc.) that
are used to describe the manipulation of objectsly @ometimes we find more
specialized terminology, such as “catalizar” inrepée (17), probably because there is
no everyday term to describe the concept “to prematchemical or biological
process”. Hence it is not surprising that most ogisims printed in black in our text are
nouns.

The interesting question is whether this linguigtioperty of specialized discourse
(at least in genetics) also tells us something Bibpecialized knowledge. Indeed, may
we conclude that experts conceptualize geneticgsses largely in actions and events
that are the same or similar to those we know fgemeral knowledge? Or do they have
specific knowledge about the actions and eventslved but do not invent special
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verbs for them? Why indeed would the ‘separatidrthe DNA chains of genes (as in
example 14) be called a separation at all, ancopat precise term that applies to the
very specific way DNA chains are split up? It maydurmised that such terminological
specification of acts, events and processes i®seltbcessary, because the epistemic
specificity of the events involved can be investadthe object/noun pairs of the
specialized discourse: DNA, RNA, polymerase, etdly@ometimes do we find special
terminological terms referring to events (‘meiosigiitosis’), but usually only in order
to describe a whole complex process, as is the foaseell division. It is thus not the
rather general notion of (say) ‘movement’ that re¢d be specified with special
terminology; it suffices that the experts knavatmoves, and how. Further analyses of
specialized discourse need to show whether the general feature or specifically
applies to the discourse of modern genetics.

Meta-knowledge: The divisions of the field

We have seen earlier that geneticists, like alleetsp not only have specialized
knowledge about genes and genomas, but also abeit ®wn knowledge and
discourseaboutthe structures and functions of genes. As is #se dor any specialized
discipline, we could invent a special term for tkisd of knowledge, and call it meta-
knowledge, or organizational knowledge, becausdsit relates to the organization or
the divisions of the field, in the same way as wew that certain problems belong
rather to phonology than to syntax, or to psychplistics rather than to
sociolinguistics.

Thus, the division of the textbook in various cleapt as we have briefly
suggested before, also reflects a division or drgdion of the field in sub-
specializations, as well as knowledge about théowarmain properties of genes:
structures, functions, reproduction, etc. Of coumsdextbooks the division may also
have a purely didactic function and not reflect disciplinary division or a conception
about the underlying organization of genetic ‘galiln general, however, textbooks
organization reflects the division of the field @nceptions about different properties
of the objects being studied by a (sub)discipliret.us therefore examine the combined
macro- and superstructures of this textbook andnae what kind of knowledge is
involved in such higher level discourse structures.

We hardly need to recall that such higher leveictres have an important role in
the organization of memory, and play a fundamertéé in student's reading and
comprehension of the extremely complex meanindnisftext. A Table of Contents (in
fact, in this book, a short and more detailed as&n expression of the overall topics
being dealt with as well as a list of the schemditiear order of the textbook as it is
organized in chapters and sections. If students feamemorize the text through these
structures, it is plausible that they also learorganize the fields as such, and it may be
assumed that this kind of organizational knowledgkestay with them for a long time.
Let us briefly examine the nature of the chaptethis book:

1. Genetics and life.Genetic and human affairs. Genetics and otheiipiiises (biology,
medicine). Basic notions.
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2. Structures of genes and genomasCells, chromosomes, genes, DNA, etc. and their
structures. The double helix.

3. The functions of genes. The transcription of DNA in RNA. Properties of BNThe
translation of RNA into proteins. Structures ofteins. (Dys)functions of proteins in cells.

4, The heredity of genes.DNA replication and polymerase. Cell division. teats of
heredity and crossing. Human pedigrees. Deseases.

5. Recombining genesCrossing and recombining. Genetic maps.

6. Genetic interaction. Interactions between aleles of a gene.

7. Mutations.

8. Chromosomic alterations. Changes in the number and ordering of chromosomes.
Deseases.

9. Genetics of bacteriae and bacteriofages.

10. DNA Recombinant technology.Reconstruction. Cloning. Applications.

11. Applications of DNA Recombinant Technology. Plants. Animals. Humans. Gene
therapies.

12. Genomics. Structural and functional genomics. Mapping. Geibearies.

13. Transposable genetic elementsTransposons.

14. Transcription regulation.

15. Regulation of celular numbers: Normal and cancer dés.

16. Genetic bases of development.

17. Population and evolution genetics.Variation. Selection.

18. Quantitative genetics.

Each discipline has its own traditional divisiorsnd there are of course
differences of opinion among authors about whattbst important fields or topics are
of a discipline. On the other hand, textbook awtheant their books to be widely used,
and hence will usually select a division of thddi¢éhat is most generally accepted. If
this is also true for the present textbook, as eletbe it is, then the chapter division
reflects the knowledge experts have about the évanganization of the field, as well
as about the importance of various topics to beyasd in a textbook. Chapter order
however not only reflects importance in the didog| but also a didactic order:
Students need to know about the structures andidmsoof genes before they can apply
such knowledge in more specific chapters.

What else do the global topics and order of theptdra of this textbook tell us
about the underlying expert knowledge of its awthamd about the didactic intention
thatthis is what students need to know -- let us day: aaimeducation. Some divisions
of the field are quite general in many disciplinead therefore probably have more
general organizing principles. Thus, applied andntjtative genetics are areas that
might be expected also in many other disciplinesl so is developmental genetics,
which also has its counterparts in other discigjreeich as development linguistics and
psychology. Another area that would be widely rexpaple as especially relevant is
genetics as applied to various human and humaanita®mains is of course population
and evolution genetics, given students and mangragpeople’s interest in Darwin,
evolution and the application of genetics to popolaquestions. The same is true for
the genetic aspects of cancer, as dealt with iptehda5. Apart from these and other
‘applications’ of genetics in medicine and otheciatly relevant areas, the core of the
book and hence probably of the field forms the dpson of various kinds of
accidental or intentional (technical) modificatioo genes and chromosomes, as in
mutation or DNA recombinant research, again withiotes applications, for instance in

48



the treatment of genetic diseases, and so onhbr @tords, the contents of the textbook
and the divisions of the field seem to be contbly expert knowledge that is itself
organized by a number of very general concepts:

(a) structures of genes, chromosomes, complete genomas and cells

(b)  (dys)functions of (these structures of) genes in cell constractieproduction of organisms,
heredity, development and diseases

(c) mutations and manipulations of structures of genes and chromosomes (DNA recaamibi
research) and its applications.

There is (intentionally) no separate historical ptka in this book. Unlike an
earlier version of this book, and other books omegjes, it does not begin with Mendel
for instance (although Mendel gets a separate osedti Chapter 1). Rather, each
chapter has a useful historical part, in which famecholars of the field are casually
mentioned and integrated. And finally, each chaptes a large didactic section with
various kinds of questions and tasks, a glossatgdfnical terms, etc. Such sections
obviously have didactic functions, but they alstibit expert knowledge about what
students need to know (history of the field, famgareticists, etc), and especially what
they should be trained to do, e.g., solve problefggenetics.

Finally, an important part of the book are its nooos illustrations, schemas,
photos, and other visuals. Especially in orderrtdesstand the complexities of genetic
structures and functions such illustrations areti@darly useful, and the ‘visual’
knowledge they presuppose are of course partseokestpert knowledge of experts.
Some of this knowledge are based on or abstractions photographs, but others are
only didactically intended visual renderings of gen structures and functions that
have little to do with the ‘real’ appearance of lswtructures -- whereas functions
cannot be rendered in photographs anyway, and apyptaarrows or other ways to
represent changes, processes, reproduction or neoxenof genes, cells or whole
organisms (e.g. the role of genes and gene defecliseases, heredity, etc). | do not
know how much the expert knowledge of geneticistbased on or related to visual
information or abstractions about genes, chromoscanel cells, but the ample use of
illustrations in the textbook strongly suggests floa students the acquisition of basic
knowledge about genetics is narrowly related toalisnformation processing. It is not
likely that these illustrations are merely didacbat (also) an important feature of the
expert knowledge of the field.

ANALYSIS OF AN EXAMPLE

After the more general remarks on the structures tixtbook and their relations
with expert knowledge in genetics, we finally shatamine in more detail a specific
passage and examine how various kinds of knowladgexpressed or presupposed by
that passage. The choice of such a passage isuttiffind rather arbitrary, because the
textbook has many passages that are comprehemathlgut any or much specialized
knowledge, and other passages which are highhhriieal’ for non-specialists. We
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have selected a passage from Chapter 3 in whichimpartant information is given,
namely about the structure of proteins. This passagthe one hand expresses new
information, whereas on the other hand it presugpapecialized knowledge that has
been conveyed earlier in the book.

(17) ESTRUCTURA PROTEICA
Una proteina es un polimero compuesto por monénuEesminadosminoacidos.En otras
palabras, es una cadena de amino&cidos a la qoeasiones nos referimos con el término de
polipéptido. Todo los aminoacidos se ajustan aratla general

H

HN -- C -- COOH

I
R

La cadena lateral, o grupo R (reactivo), puedealguier grupo desde un atomo de hidrégeno
(como el aminoécido glicina) hasta un anillo corjgpleomo en el aminoacido triptéfano). Hay
20 aminoacidos que pueden ser constituyentes derdésinas (Tabla 3-1), cada uno con un
frupo R diferente que les confiere sus propiedadsgecificas. En las proteinas, los
aminoacidos se mantienen unido mediante enlacesilectes denominadoenlaces
peptidicos.

El enlace peptidico se produce por una reaccioeomelensacion durante el cual se
elimina una molécula de agua (Figura 3-15). Delstlmecanismo de formacién del enlace
peptidico, una cadena polipeptidica siempre tiemexiremo amino (NHz) y un extremo
carboxilo (COOH) como se muestra en la figura.

Las proteinas presentan una estructura compleg@ apunsta de cuatro niveles de
organizacion (Figura 3-16). La secuencia linealatieinoacidos de la cadena polipteptica
constituye la estructurgsimaria de la proteina (p. 61)

This passage is a typical example of a definitigimen in terms of a chemical
description, of a notion (protein) that is gengr&hown, also to the students who use
this textbook, but whose chemical characterizatiay not be known. Interesting is that
at least some chemical knowledge is presupposedube the notion of a ‘polymer’ is
not defined here (or earlier in the book). It does appear either in the glossary. The
definition is given in terms of one of the relatidierms we have encountered above
(is composed of’) and another technical notion iimmer) and its (bold printed)
equivalent (amino acid), introduced by the standdefinitional term “called”.
However, even for those who do not know what polgad monomers are, the next
sentence offers (a bit of ) relief with a parapbratypically initiated by “in other
words”, followed by the everyday term ‘una cadendfrom which the reader may infer
that a polymer is a chain of a specific kind of emliles (in this case of amino acids).
At the same time a special word is introduced ferreo such a chain of amino acids:
‘polypeptides’. Amino acids are then defined by feemical formula, which also
presupposes at least initial chemical knowledgg @bout what elements the letters H,
N, C and O refer to, what the sub-index 2 meaner &ft, why these letters are
sometimes written together and what the lines niedgween groups of letters. On the
other hand, the letter R is used here not to definehemical element, but as an
abbreviation for a (reactive) group. From the egpi@n “todos los aminoacidos...” the
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reader may infer that there are at least severddesh, and that they are also different,
but have the chemical group in common. The follgwines confirm that inference by

referring to different amino acids by name and g a number with the existential

verb “hay”. Table 3-1 (not reproduced here) giveslist of the 20 known amino-acids,
with their three and one letter abbreviations. &l the new information about what
the different amino acids are different, and hoeytlare linked up in a protein (“el

enlace peptidico”).

Note that so far the introduction of new expert\wtaalge is structural (that is, the
structure of proteins is being described) and deafimal (that is, new terms are defined
by a combination of known terms and new terms).s€hdefinitions are sequential, that
is, if A is defined by B+C, and B is known, andsQunknown, then C will be defined in
terms of D+F, etc. Moreover, structural definitiamst only are given in terms of their
elements or constituents, as we also know from grambut also in terms of their links
or relationships, which is the case here for thiionoof “enlace peptidico”, which is a
new notion and hence also needs to be defined,ths case here. Figure 3-15 provides
a visual account of the information that by cond¢ios a water molecule is formed
(combining an H from the NHgroup and a group OH from the COOH group of the
amino acid), which of course presupposes the faignerally known chemical
knowledge that water isJ. The text also calls on the figure to provideeaplanation
of the fact that a polipeptidic chain has an amgmoup (NH) on one end and a
carboxylic (COOH) group at the other. This is natttier explained below the figure,
but one can ‘see’ that at the end (where no linksveen them are formed by the
elimination of water) these groups remain intadte Tinal part of this message returns
to the standard structural account, this time @f tlverall organization of proteins.
Again, reference is made to a figure (3-16) to axpthese complex structures, whose
forms would be difficult to describe without theadings (a chain being curved into a
helix, which in turn may be folded, compacted aathbined with others).

We see that this passage provides a number of a8ene and knowledge, partly
built on more or less technical earlier knowledgé ¢hemistry), partly on brief,
summarized information earlier in the book (on thée of genes, DNA and hence
amino acids in the formation of proteins), and lpash general knowledge, such as the
general structural relations ‘is composed of ‘aich, ‘general formula’, and probably
also the otherwise technical term “hydrogen atoas’,well as ‘condensation’, ‘water
molecule’, and ‘complex ring’. Note that besides #tructural description of what is
composed of what, we also have a process descriptiamely of how polipeptidic
chains are form by eliminating water moleculesu&tiral definitions however are not
merely expressions of the structure of proteinst &lso have various linguistic
manifestations, of which the classical is ‘is adll¢'denominado”) and here also the
expression “en ocasiones nos referimos con el bé'mFinally, visual information of
the figures helps the student to understand thetsiies, processes and other aspects
involved. In other words, this passage is an exwasof fairly low level, beginners’
knowledge of genetics or molecular biology, andsppposes chemical knowledge.
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CONCLUSIONS

In this paper we have examined a number of praggedf the interface between
specialized language and knowledge, with specigliadion to the acquisition of basic
genetic knowledge in textbooks. Although modernnitige psychology offers many
insights into the nature and the representatidmoiviedge, as well as into the relations
between knowledge and discourse processing, therestdl vast areas of lacking
knowledge about knowledge. This is particularly ¢hse in epistemology, which barely
offers insight into the more empirical properti€sknowledge. A plea is made for a
multidisciplinary approach to knowledge which intags insights from psychology and
the social sciences. Knowledge is here definechas'dertified” shared beliefs of an
epistemic community, according to the certificationteria of that community. This
means that knowledge is essentially relative -oalgih also this relativity is relative (as
it should be in a consistent theory), in the sethsg¢within an epistemic community
knowledge is not relative but accepted as estaddisiA typology of knowledge is
proposed that makes distinctions at different kvehcluding the scope of the
communities that share knowledge: persons, growgi&ns, cultures, etc. The relevant
relation between discourse and knowledge is estadli by the fact that a community’s
knowledge is typically presupposed in the intragrodiscourses of community
members.

Against this broader theoretical framework, scfentknowledge is defined as
group knowledge, and scientific discourse as ttsralirses that are produced in
contexts that are characterized by (participante hdwe) such knowledge. In a case
study of the discourse and knowledge managemeatrobdern textbook of genetics,
we finally examined in some detail the varioustetyges used in the explanation of new
notions. The idea of such an analysis is that thiBseourse structures not only are
functional in the didactic context of the textboolkst reflect more general principles of
knowledge organization and acquisition. Thus, wenébthat most (new) knowledge is
introduced by a limited number of categories, saslstructure, Composition, Quantity,
Form, Analogy, and Function. This is especially tase for “things” such as genes,
genomes, chromosomes, rather than for “processé@sth tend to be described in
everyday terms (such as “move”, split”, etc.) or metaphorical terms that
conceptualize complex processes (‘translate”, .eWw¢ also found evidence for the
obvious assumption that technical knowledge is dbaseeveryday, Common Ground
knowledge, something which is of course crucialiriitial learning situations. We
finally also found that the acquisition of “speciad” knowledge is not limited to
technical knowledge about objects (such as gebes)also features knowledge about
the history, the organization and the applicatiofisthe discipline and its current
knowledge, including information about our currigmorance in the field.

The latter is also true for our insight into théuma of the interface of knowledge
and discourse. We already suggested that we kngwisingly little about the nature,
representation and processes of knowledge, its isitiqn, social certification,
distribution and expression in text and talk. Wewrthat language users need large
amounts of knowledge in order to produce or undecdstknowledge, and that their
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discourses are contextually controlled in such & that they take into account what
they know about the knowledge of their interlocatdBut we do not know in detail

what the complex strategies of such knowledge nemagt in discourse are. We do
not know how exactly people acquire the variousi&iof knowledge, how they acquire
specialized knowledge that goes beyond everydagreeqres, and how specialized
discourse (e.g. of textbooks) is being used tohtemmd acquire such knowledge. In
other words, much of the current research on therface between discourse and
knowledge is still on the program.
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