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ABSTRACT

Special language has long valued special words, but the wealth of language lies in semi-technical words and 'general' words in specific contexts. This passage of meaning potentials from general language to specialised usage, and back, is particularly a problem for non-native speakers. It is surmised that a specialised phraseological dictionary for verbs used in the sciences could be of help. The current dictionary project seeks to build an experimental dictionary by applying the theories of collocational networks for headword selection and collocational resonance to demonstrate the movement of meanings between contexts. In this paper we shall concentrate on the question of resonance. The latter is the notion that a word can carry over part of its sense from one collocational environment to another and that this can be mapped using lexicographical prototypes and built using dictionaries and corpora. Here we make use of the BNC and the BMC corpora. The BMC Corpus is a 33 million word English language resource built as part of the Scientext initiative, a comparable corpus project being carried out by a consortium of three French universities led by the Université Stendhal Grenoble 3. Resonance will be discussed with reference to the word 'probe', both as noun and verb. The  original sense of being a long thin surgical instrument, attested as early as 1580 in the OED, gradually expanded to cover the molecular probes largely discussed in contemporary scientific research with a verbal sense also developing with ongoing resonance from noun to verb and from the earlier sense to later ones. The text ends with a brief introduction to the dictionary itself.

1. INTRODUCTION

Special language has long valued special words, but the wealth of language lies in semi-technical words and 'general' words in specific contexts. The BMC Corpus is a 33-million-word English language resource built as part of the Scientext initiative, a comparable corpus project being carried out by a consortium of three French universities led by the Université de Grenoble 3. It has been fully part-of-speech tagged and lemmatised. It has been structured into themes to make comparative analysis possible. In this paper we shall look at some general words to see how their use varies in scientific contexts. This will be done by looking at the collocational networks of the certain high-frequency nouns and verbs. Variations of meaning between ‘general’ and specialised usage will be analysed using the mechanism of ‘collocational resonance’ that sets out to map how wordings carry over aspects of meaning from one context to another. 

‘Collocational resonance’ is the notion that a word can carry over part of its sense from one collocational environment to another. This notion has had two, simultaneous, births with the term being used in tow separate papers at the 2005 Louvain phraseology conference. One paper looked at the move from the literal to the metaphoric (Hanks 2006), whilst the other took a more inter-textual standpoint (Williams 2008). In this paper it will be shown that the two are quite compatible, insofar as both are logical developments from Sinclair’s idiom principle (Sinclair 1991). What brings them together is lexical priming (Hoey 2005), in that the meaning of both words and phraseological units can only be found in their environment and that  collocational resonances arise from the primings of the components.

This can be illustrated with the word probe, both as noun and verb. The primary sense of the word is as a noun denoting a long thin instrument, a sense readily attested in dictionaries. This has resulted in a transfer of meaning to a verb form of probe, which describes the action of searching using a long thin instrument. However, in molecular biology, neither the probe as pointed instrument, nor the notion of searching with such an instrument, is found, but probes are widely used. In this case collocational resonance will seek to find what elements of meaning are carried over, if any, and how the polysemy of probe can be described. This will be done using lexicographical prototypes (Hanks 1994) which provide the means to see the variations of meaning, to map the collocational resonance of the word and also to perceive the effects of lexical priming in generating particular senses of the word within a given context. The thematic division of the BMC corpus will allow the mapping of the different senses and primings of both noun and verb in their various scientific uses and compare these to ‘general’ language use.

2. INITIAL Premises

This research starts off from ongoing work that is both theoretical and practical in nature, with the practical taking precedence over the theoretical. Corpus linguistics is seen as a branch of applied linguistics that brings important light to theoretical issues through a close examination of linguistic realities. As a discipline, it has a privileged relationship with lexicography, a field it has greatly influenced since the ground-breaking work of Sinclair and the COBUILD team in the 1980s, and a field which has contributed an essentially pragmatic view of language.

The project is based on ongoing work on science corpora coupled with an analyses of the place of scientific usage in advanced learner’s dictionaries. Within this perspective, dictionaries are seen as a tool for an ongoing learning process whereby specialised collocation and pattern dictionaries can help non-native speaker (NNS) scientists at all stages in their career to publish in English. The dichotomy between general and specialised languages is a false one in that the two are not clearly separable entities but instead form a continuum in that “specialist language and general are mixed together seamlessly” (Hunston & Sinclair 2003: 78). This project aims to help NNS move seamlessly from the general to the specialised and back.

The current is primarily concerned with verbs, which tend to be the underdog in ESP and terminology, both of which take a greater interest in and nominalisation. The aim here is to produce a solid theoretical framework for collocation analysis through the task of elaborating a dictionary of verbs in science. On the theoretical side the objective is to show how collocational resonance can assist with understanding not just meaning change, but the carry-over of aspects of meaning from changing contextual environments. The practical outcome will be a dictionary of verb patterns built bottom-up using corpus-driven methodologies both for the selection of headwords and the organisation of the data. Although existing frameworks, such as Levin’s verb classes (1993), Framenet
 and Corpus Pattern Analysis
, are being consulted, the groupings of verbs into classes will be based on specialised usage mediated through experience from language teaching.

3. METHODS

Our working methodology is based on the use of collocational networks (Williams 1998, 2002). These statistically based chains of collocations have been used to demonstrate thematic patterns in texts as well as means for selecting the lexis for a specialised language dictionary. More recently these thematic networks have been adapted for the analysis of language change by studying how elements of meaning are carried over from one textual environment to another. This new approach to collocation has been termed collocational resonance (Williams 2008). The methodology grew out of work on intertextual patterning presented at the Louvain 2005 phraseology conference and has been widened following work on resonance in metaphor by Patrick Hanks that was also presented in Louvain. Hank’s work on prototypes in lexicography is central to the model that is currently being built. 

The methodologies being developed are seen as building stones in the new outlook on language that we owe to John Sinclair’s insights into collocation and the idiom principle. The main influences have therefore been the Birmingham school, comprising both work carried out at the University of Birmingham and at Aston University, with the foundations of corpus analysis of scientific text in the work of Roe (1977) and later studies of the phraseology of scientific text by Gledhill (2000). Hence this list of main influences goes from Sinclair’s demonstration of the idiom principle and its ramifications seen through the work of, for example, Hunston & Francis on pattern grammars, Louw (1983, 2000) on semantic prosody and the ongoing work of Hoey from the Surface of Discourse (1983) to Lexical Priming (2005). Priming is seen here supplying the over-arching theory that will draw all these trends together.

The working context is a four-year French national research agency funded project, SCIENTEXT, coordinated at the Université Stendhal Grenoble 3
. This project will examine authorial position and reasoning in scientific texts through comparative corpora. Three main strands have been developed based on the specificities of the research team involved, with work being carried out on a corpus of French texts in Grenoble, on learner corpora in Chambéry and on English corpora in Lorient. In the definition adopted by Grenoble, “scientific” can be taken to mean academic publications in general, whereas the Lorient team has been essentially concentrating on the experimental sciences. Particularly specialised in lexicography for specialised languages, the LiCoRN research group (Lorient) has been primarily concerned with seeing how stance and reasoning can be captured and demonstrated in a dictionary. The English corpus developed in Lorient covers different aspects of academic usage. For the dictionary project described here we concentrate on the BMC corpus of scientific English.

4. THE BMC Corpus

The English BioMed Corpus (BMC) is composed of 8945 scientific texts from 137 journals made freely accessible online by BioMed Central
, an independent publishing house. The period covered by the corpus is from 1997 to 2005. These texts, and the corpus derived from them, are available under a creative commons licence. This is particularly valuable as science corpora tend to be either very small or not available due to copyright restrictions. Whereas the major commercial publishers generally refuse free distribution of papers published by them, open access to the research is a key policy of BioMed Central which, in this way, seeks to optimise the exchange of research findings. BioMed Central publishes research in biology and medicine through journals of wide interest amongst the research community within these fields as well as a series of highly specialised journals. In doing this, BioMed Central's policy is to ensure a high quality of publication through peer review. BioMed Central publications have another attractive facet for the corpus linguist in that articles are provided in XML format, downloadable as a zipped file from its Web site. This provides a sizeable volume of raw data that the corpus builder can then transform into a large corpus of scientific language that can be made freely available and distributed under a creative commons licence.

The current corpus contains 33 million words that have been automatically part-of-speech tagged and lemmatised with Treetagger
. The whole has been structured in conformity with the XML-TEI P5 with topic and genre-related information. Both the topic(s) (Biochemistry, Blood disorders, Cancer, Cell biology, ...) and genre (survey, debate, database, report, short paper, …) are encoded in the TEI header. Data concerning topic has been added automatically to the corpus, since they are absent in the original XML tagging. These topics have been extracted using the topical classification of the journals on the BMC Central Website. Data relating to genre was already included in the original XML tagging. Future work will consist in analyses of the validity of these categories using collocational networks (Williams 2002) to carry out lexical analyses as well as other related methodologies for a comparison of genre types.

Sixty-two topics are represented in the corpus, which encompasses primarily two areas: biology and medical research. In terms of frequency, the main topics in the corpus are: Medical Genomics, Genomics, Bioinformatics, Genetics, and Women's Health. Of these the first three dominate with Medical Genomics at 1466 texts, Genomics comprising 1213 texts and Bioinformatics totalling1074 texts. Each of these groups accounts for more than 5 million tokens per topic. This means that the topic distribution of the BMC Corpus is skewed in favour of a small number of topics that are particularly concerned with biomolecular analyses. As the number of topics is high, it is easier to demonstrate distribution using frequency classes as shown in figure 1 which shows that 19 topics (or 31% of the total) each represent more than one million tokens. In Table 1, we present topics with more than one million  occurrences and, in Table 2, topics with fewer than 100,000 occurrences. 
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Figure 1. Topic distribution of BMC corpus

Table 1. List of BMC topics totalling  more than one million occurrences topic[image: image2.png]Set
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The size of each topic category is linked to the number of texts from each journal concerning the topic. The 62 topical categories are, however,  not mutually exclusive, since any one text may be classified in more that one topic category. For example, the 'Theoretical Biology and Medical Modelling' journal, and consequently all texts in our corpus belonging to this topic class can be found within under either Biochemistry or Medical Genomics topics. On the other hand, the texts from the 'BMC Anesthesiology' journal cover only one topic, in this case Anesthesiology. Thus, some portions of the BMC corpus have a topical overlapping, whilst others do not. In all 4702 texts have more than one topic and represent 62 journal titles, but  3838 texts fall under only one topic (65 journals), and 405 texts have no topic classification at all (10 journals).

Unlike the configuration of topic classes, a single text is only everclassified under a single genre. The distribution of genres, reported in Figure 2, shows that the corpus is heavily weighed in favour of research papers with 3 genre dominating, reports, research and methodology. These cover 90% of the occurrences (30,090,370 tokens) and 84% of the texts (7545 texts).
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Figure 2. Genre distribution in the BMC corpus

This distribution is a serious drawback for genre studies, but is not a problem for research that aims essentially at an encoding dictionary for NNS endeavouring to produce research papers in English. The bias towards biomedical language will later be measured against broader corpora of scientific data.

5. COLLOCATIONAL Resonance, Networks & Prototypes 

This paper is primarily concerned with transfers of meaning. This is essential in that language learners are usually exposed to ‘general’ English before tackling ‘special’ language usage. This is all the more relevant since the best encoding dictionaries, the advanced learner’’s dictionaries such as the Oxford Advanced Learner's Dictionary (OALD), the MacMillan English Dictionary for Advanced Learners (MEDAL) and the Collins COBUILD English Dictionary (CCED) cover only general language, or very generalised interpretations of scientific usage. The means we are developing to demonstrate the movement between general language and special language meanings, and vice versa, is collocational resonance.

Collocational resonance as it is seen here is based on four main postulates: 

· Language users carry aspects of meaning from previously encountered usage, consciously and subconsciously, colouring the meanings and prosodies in use. This is a complex phenomenon where corpora will give only part of the picture as much comes from language learnt from social and educational environments. 

· Etymological aspects are carried over if the user is aware of past usage or if this is still active. This information may come from subconscious memories of word usage or a knowledge of language that has allowed some form of interpretation of the word. However, etymology does not necessarily affect meaning transfers when this information is not known or activated.

· No distinction is made between so-called literal and figurative meanings. This distinction is based on awareness of some earlier literal meaning that has been exploited. It cannot be taken for granted that a user is aware of any earlier use and that consequently the active use for them is the literal one. In a corpus-driven analysis what matters most is the active sense in any user group. The difference between literal and figurative may be clear to a linguist, but not a language user.

· As a consequence of the lack of an immediate distinction between literal and figurative use, metaphor is seen as occurring only if the user is conscious of the fact. Metaphor is a figurative use and a user may consider that the active use is the most valid meaning of a word within a given context and that any cognitive interpretation, however plausible, is speculative.

These postulates do not deny linguistic analyses, they simply take a pragmatic approach to meaning whereby theory is simply like to get in the way of user needs. The aim is to show what aspects of meaning are carried over with a change of contextual environment, but not necessarily to directly link these to other meanings within a dictionary entry. 

Collocational resonance builds on certain aspects of lexical priming wherein complete phraseological and textual units are primed from, often, a single input word. As Louw (2007) has illustrated, Firth noted the collocation of dark with night, but the complete unit of dark night can then create a fuller collocational unit with dark night of the soul, as the resonance from the first two add strength to the literary unit. Studying the collocational environment of a given keyword through its collocational networks can show significant phraseological units that illustrate certain aspects of the meaning of that word within a precise context; repeating the same process in another context can then reveal the hidden carry over of aspects of meaning. Recent (Williams 2008) work has applied this to biblical phraseology moving from the King James version of the Bible to Shakespeare and then comparing both with the BNC. This work showed diachronic change, but resonance can also work synchronically by comparing different environments, in this case general and special language corpora. The diachronic aspect is significant however and is supplied by using the OED as a source. The OED has been considered as a form of corpus (Hoffman 2004), but we do not feel that the lexicographers' choice is necessarily that of a corpus linguist seeking to see the wider environment, all the more so as in many cases the word was obviously in current use well before their chosen citation, as will be seen with probe. It does however provide sufficient information to allow the creation of lexicographical prototypes.

In order to demonstrate shifts in meaning, lexicographical prototypes (Hanks 1994, 2000) provide an invaluable tool. In listing basic propositions that are aspects of meaning of a word, it will be possible to see what aspects are active in a specialised environment and to highlight in the definition those aspects that would enable the user to relate the word to meanings in general or other specialised contexts. This is based on Wittgenstein’s family resemblances rather than a Roschian prototype where typicality is central. In Wittgenstein’s model, prototypes are based on a continuum where members at each end of a class may not share any common properties, but nonetheless belong to that class. Hanks (1994) uses the example of the noun bank to illustrate prototypes, Williams (2006) shows how the prototype can be extended to show usage in the context of plant parasitic biology. The great strength of this approach is that the prototypes are not fixed, but can develop as new meaning potentials are created within the language whilst clearly demonstrating continuity between meanings. This can be best illustrated through an example, in this case the verb probe.

6. Case Study: Probe

In looking at the movement from the general to the specific, a metalexicographical analysis has been carried out on science words in a much used learner's dictionary, the OALD (Williams 2006, 2008). The OALD supplies lists of specialised vocabulary that go beyond their 3000 basic English words that are supposedly essential for a learner, but we are not told how or why these words have been chosen. Apart from a great deal of inconsistency in word choice and their listing as noun or verb, one of the notable findings was that the scientific nature of an entry was often largely demonstrated only through the examples. For the verb probe, one example “the doctor probes the wound for signs of an infection” shows what could be seen as a prototypical medical pattern with an actor who inspects something, the wound, in order to obtain information. This is deemed the literal meaning. In a second example, “Searchlights probed the sky”, the actor is replaced by an instrument with an extension of the initial meaning of probe as a medical instrument to a shaft of light. The prepositional phrase ‘search for’ is implicit as the searchlight is presumably searching for something whilst in the first example the prepositional phrase 'search with' is equally implicit as the instrument is not named.

The two meanings are related through a definition that declares probe to signify “to touch, examine or look for something, especially with a long thin instrument”. Thus a lexicographical prototype would include the partial verb synonyms, an instrument and the fact that information is being sought. A prototype would also carry over information so as to relate this sense, the second in the OALD, to sense one that pertains to asking questions to elicit information. The prototype should demonstrate the continuum between one sense and another with elements of meaning that are carried over supplying the resonance values.

In order to build a more complete prototype, the Oxford English Dictionary (OED) has been used as a citation source. Although this cannot be truly considered a corpus as only very limited contexts are given from carefully chosen texts over which the corpus linguist has neither control nor access, it is an invaluable source demonstrating the development of the English language. In this case we are illustrating with the derived definitions

6.1 Probe as noun in the OED

Probe first occurs in English as a medical noun, so this will be the primary meaning we shall consider as this usage is still active. The etymology takes us back to the Latin ‘proba’, proof, which a purist might claim is the literal meaning and all else is figurative, but this meaning is no longer active, which is why proof, with its complex etymology, gets a separate entry in dictionaries. However, the relationship between proof and prove provides another interesting example of resonance within an different verb class to probe and is one which will be explored in future work. In the following examples the dates supplied by the OED for first recorded use are given in brackets.

Etym. late Latin proba a proof, in med. L. an examination

Sense 1. Surgical instrument, commonly of metal, with a blunt end, for exploring the direction and depth of wounds and sinuses. (1580)

This is a term for a precision medical instrument. The key preposition is for designating purpose is present in the definition and in the example with ‘wherewith’ standing in as ‘used for’. The citation shows the instrument to be:

Une petite esprouvette; A small instrument wherewith Surgeons do explore wounds, a probe.

This example is in turn a definition from Hollyband’s 1580 dictionary “The Treasurie of the French Tong”. The word esprouvette is no longer active in French in this sense, eprouvette being a test tube, or measuring cylinder. Information as to the shape and composition of such an esprouvette comes from other sources not cited. The current word for probe in French is sonde with its verb form sonder. What is clear from the citation is that this term was in use well before entering a dictionary. The same situation is found with other citations which can only show that these are the earliest surviving usage rather than first usage as when the poet Dryden is cited for the verb form, we can only presume he picked that from current medical use of the verb.

The defining keywords are clearly examine, instrument and wound. All three are carried over into the later verb usage where OED defines the action of probing as 

Etym. Probe n. influenced perhaps by L. probare to try, test

Sense 1. to examine or explore (a wound or other cavity of the body) with a probe. (1649)

In other words, to probe is to use a probe as a instrument for examining a wound, the nominal and verbal forms being closely linked. In this case the example is poetic with Dryden declaring that:

Yet durst she not too deeply probe the wound, As hoping still the nobler parts were sound.

This carries the extra useful information that a probe can cause damage if wielded without due precaution. The example shows that someone probes with a probe, and once again, this only confirms that the verb form was already in use. Insofar as a probe is an instrument, the extension of meaning is carried out by retaining the notion of examining, but changing the type, if not the nature, of the instrument. Given that the verb senses of ‘examine’ and ‘explore’ are inherent in both definition and example we shall later have to look at the extent to which this verb can be considered a synonym.

Later usage of the noun thus extends the sense by carrying over the idea of a long thin instrument which penetrates something in order to explore and provide information as to the state of what is being examined. This can be seen by the following entries in the OED which, being organised chronologically, show the development of the different senses, even if we cannot be sure that a given meaning was not already well in use before being located in a text.

Sense 2. transf

a. The Proboscis of an insect (1664) b. A baiting needle. c. (Physics) Any small device […] which can penetrate or be placed in or on something...(1924), d. aeronautics (1949), e. spacecraft (1953)

Sense 3. Printers Proof (rare) (1563)

Sense 4. a) Act of probing (1890), b) a penetrating investigation

Sense 5. fig. Spec. A particle used to penetrate nuclei, atoms

Sense 6. attrib & comb. Probe-end ....

Sense 2a and b are interesting given that whilst a needle may be a long and thin instrument, the proboscis refers to a body part, which is also long and thin and serves as an exploratory instrument. It is this sense that allows the extension whereby a bird may probe for food signifying that we are not dealing with the prototypically short beak of the sparrow; but the long bill of a snipe. Thus not all insects or birds can probe, probing relies on a particular form of instrument being available. By 1890 we have the extension to the precision investigation, often by a judicial authority, in which case what is being privileged is the aspect of in-depth investigation rather than a physical tool. The specialised usage attested in 1955 brings us to the use of a precision instrument in molecular explorations. By extracting key elements from each of these definitions we can establish the following prototype for the noun.

· A precision instrument 

· Long and thin

· Not cutting (blunt)

· Very pointed (sharp)

· Used to explore and examine

· Can penetrate an organism or cell

· Does not damage the organism

· Means of investigation (ext. by judicial authorities)

· Supplies information

This shortened prototype for the noun shows how the different senses are related in a continuum. The notions of not cutting and very pointed are not contradictory as the important fact is that this is not a scalpel used for cutting, but a highly pointed instrument with a non-cutting end that penetrates and explores. As we move away from the original medical probe two facts remain, we have a precision instrument that supplies information to a user, whether this instrument be physical, as in the case of molecular biology, or abstract, as in judicial investigations.

Now that we have both a schematic development of noun usage with an extension of senses that allow earlier ones to remain active, we can now move over to the verb form where to probe is to use a precision instrument.

6.2 Probe as verb

The first verb sense given by the OED has already been given. The following three senses extend the verb use, although the same caveats expressed earlier as to the exact initial use in the language remain. Thus, the OED gives to probe as being:

Sense 2. To search into, so as to thoroughly explore, or to discover or ascertain something (1649)

Sense 3. To pierce or penetrate with something sharp, esp. in order to test or explore. (1789)

Sense 4. To perform the action of piercing with or as with a probe. To penetrate, as a probe.(1835-6).

These variations extend the sense of using a probe as instrument by going beyond a wound as object to a wider field of investigation that may be physical or abstract. Sense 2 opens the way to the judicial investigation, and any research into data as opposed to a physical body. Sense 3 widens the medical sense with the fact that the instrument is no longer blunt, but sharp. Probing penetrates though, it does not cut. Sense 4 specifies that probing is done with a probe, opening the way for molecular probes.

In all these senses, the notion of ‘probe’ as tool is carried over along with the aspects of ‘precision’ and of exploring for information’. Oddly enough the OED does not separate the investigative use of probe, but only demonstrates it through a 1962 example wherein “Crossland and MacRae probe into the state of the nation”. This example of an investigation of data with a view to presenting a report in itself gives important information in that what is  explained is the state of something. The judicial sense is not specifically given.

Using the four senses isolated by the OED it is now possible to build an initial prototype for the verb. To probe is thus :

· To explore, examine or investigate 

· To investigate with a precision instrument

· To penetrate an organism or cell

· To look for information on the state of something

 In all cases, the senses of explore, examine, investigate and other related verbs are a constant. The fact that the exploration is precise is another constant. What changes is the nature of the instrument, which retains the elements carried over from its noun sense and what is explored. If the instrument is a physical one it carries the characteristics of the noun probe. The paraphrase using three verbs raises the question as to whether these can be treated as synonyms. To deal with this we need to turn to a contemporary corpus.

6.3 Probe in the BNC

Insofar as our aim is to organise the dictionary both alphabetically and by class, it will be useful to investigate to what extent verbs employed in defining probe can be brought together. It is possible to make use of existing resources such as Levin’s classification, where some of these are to be found as search verbs and also the probe as scrutinize analysis found in Framenet. The Brandeis Ontology
 and work on Corpus Pattern Analysis also supply useful information, however these are all based on general language so the actual patterning to be entered in a dictionary of science verbs must depend on what is found in a corpus of science texts. However, in order to carry out comparisons between general and specific usage, the BNC can provide useful insights.

As meaning is carried over from the noun to the verb, it is pertinent to first build a local network for the former. This has been done using Sketch Engine, restricting the network to the object_of and the subject_of elements. These are shown on the left and right side of Figure 3 respectively.
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Figure 3. The local networks of the noun probe in the BNC corpus

Probe occurs as a noun 1325 times in the BNC, each branch shows the number of co-occurrences with a collocate. Only collocates with a frequency greater than 5 have been retained. What is apparent is that even in a generalist corpus like the BNC, the molecular biology sense of probe tends to dominate. This is far from being a long metal instrument used in medical investigations, although the resonance of this meaning is retained through the aspect of precision tool that is inserted in order to explore something. The ‘literal’ medical sense is relatively infrequent.

In order to discover patterns each combination is taken one at a time. Collocates that are not part of a clause structure are eliminated, although in a collocational network analysis their role is analysed as they are part of a word's meaning environment. A number of patterns emerge: 

· Order a probe = judicial investigation

· To order probes = reorganise (molecular biology)

· Use a probe = detect presence of something (molecular biology, medical)

· Probes derived from = create tool (molecular biology)

· Probes labelled = tool ( molecular biology)

· Probe inserted = examination (medical)

These all show the use of probe as instrument for an in-depth investigation. Only the collocation of probe with insert gives a medical usage with a classic long thin instrument, but a resonance of tool that penetrates for precision investigation is retained, although in the judicial sense it is an abstract subject area that is entered, not a physical body. The sense of investigating data extrapolated from the dictionaries is thus activated.

The verb form is much less frequent with only 725 occurrences, which means that there is a much more restricted network. Examining these in the same way as for the noun, four main grammatical patterns are found, each linked to a particular tense. These are:

· Gerund - by police probing = investigate (judicial)

· Passive – blot was probed with = explore, examine (molecular biology)

· Active - (medical person) probed the wound = explore (medical)

· Infinitive - To probe the nature of = investigate

As can be seen there are constants with the use of a judicial sense demonstrating an active process of investigation and the inevitable passive associated with the sciences. In each case the explanatory synonyms remain within the group of verbs that were found in the OED.

6.4 Probe in the BMC

If the BNC supplies the general, the BMC gives us the specific. Insofar as the corpus has been marked up following the TEI guidelines with individual headers, XAIRA has been adopted as concordancer so as to make use of the XML markup. 

Given that the first stage of resonance is from a tool to a verb, it is worthwhile looking first at the collocates from the noun in the BMC. This gives the following picture shown in figure 4 in which the top five collocate nouns, verbs and adjectives by z-score are shown.
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Figure 4. The local networks of the noun probe in the BMC corpus

All of these relate to a usage in molecular biology as either terms of the adjective-noun format, such as radioactive or fluorescent probe, or as noun-noun terms as oligonucleotide probe that describe particular types of probe or the fact that they are used in sets or as pairs. The verbs are either general describing their use or creation or processes into which the probes enter as with hybridise and synthesise. The patterns are therefore largely terminological in nature as noun phrases with accompanying verbs. What we have is a precision tool that is inserted or penetrates a cell or gene to extract information. This usage is clearly carried over into the verb usage for probe in the BMC corpus.

Figure 5 below shows the local networks for probe as verb. The collocates were calculated using z-scores and retaining the noun collocates within a 3:3 window.
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Figure 5. The local networks of the verb probe in the BMC corpus

The verb form occurs 719 times (0.0022) as compared to the noun form which occurs 8767 times (0.0266). These are organised simply by left and right collocates with diminishing z-scores. In later analyses we shall develop the networks, but in this case we are only looking for local patterns. As with the BNC, we have explored each pair of collocates in turn. Certain of the collocates correspond to POS errors or are not attached to the verb. These are signalled in the diagram and have not been analysed.

Three main patterns can be distinguished:

· X [BE] probed with

· [blot/membrane/spermatozoa/proteins] BE probed with [monoclonal/rabbit serum] antibody(ies) = examined

· X [BE] probed for

· [blot/membrane] BE probed for the presence of something = examined

· To probe for 

· [SOMETHING antibody/sets of genes) IS USED] 

Active and gerund forms are infrequent, the passive tends to dominate with the prepositions 'with' naming the tool and 'for' naming the purpose playing an important role. The tool is generally a molecular probe, to probe is to use a probe. However, other senses remain active even if they are not the prototypical sense in this particular scientific environment. The lexicographical prototype thus allows the peripheral sense as well as the core one to be illustrated. Thus the resonance within the dominant context remains that of the noun usage but coloured by elements carried over from more general usage of the noun and verb (Figure 6).
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Figure 6. Resonance transfers between noun and verb and between general and specialised usage.

In each stage of extension of meaning the resonance is carried from the general noun to the general verb. The noun sense is extended, and so may that of the verb developing alongside its nominal counterpart, with earlier senses either remaining active or falling into disuse. This allows the Wittgensteinian prototype to be handled from a Roschian standpoint in that meaning is carried along a continuum, but what is a typically core and what is peripheral meaning varies according to the environment in which the continuum is activated. There is no single core meaning, but a series of cores depending on context. What is present everywhere is the resonance that is carried between senses and notably, in the case of probe, from its initial uses in the English language.

Thus, the use of a lexicographical prototype illustrates the degree of resonance between different types of usage. The entire prototype cannot be given in a dictionary definition, but sufficient information will be supplied to illustrate current usage and allow the transfer of information to a general or yet more specialised usage. The current definition in the Scientext verb dictionary uses the COBUILD-style explanatory format and states that:

If a cell or gene is probed, a precision molecular instrument is inserted so as to penetrate and investigate aspects of the organism to supply information as to its state.

This highlights the fact that the instrument is inserted and it is used to investigate in the search for information, all points to be found in the prototype. However, resonance is essentially internal to any given paradigm, so the question now arises as to the extent that aspects of sense are carried over to other verbs within a class and to what extent the verbs used in paraphrasing are partial synonyms for that verb. 

7. RESONANCE to dictionary: verb classes

As mentioned earlier, the aim of the science verb dictionary will be to go beyond a simple alphabetical list but rather to draw verbs together into classes that illustrate tasks carried out in the scientific research process and in the production of a research paper. This means addressing both semantic and pragmatic issues.

The aim is to build a lexis entirely through corpus driven methodologies, but obviously previous research in linguistics, and notably in the classification of verbs and the creation of networks such as WordNet and FrameNet, cannot be ignored. These remain a source of inspiration in handling data, but, insofar as their usage is general, the classes have to be formed to illustrate corpus usage. Given that Levin’s search class is too wide for our purposes, and that even if scrutinising does describe the activity of probing, the verb itself occurs only 15 times in the corpus and with the sense of looking closely at, rather than investigating, the nature of something. Consequently, we have chosen to designate the class that groups probe, explore and examine as being the ‘investigate’ class, even if explore only occurs once with the noun probe. In the dictionary the class entries are currently in upper case so as to distinguish them from the individual headwords. As work is carried out the contexts of these classes will grow and new subdivisions will be created.

Taking each of the verbs in turn, each tends to have a preferred pattern in the corpus, but, unlike probe, the patterns all tend to have the researcher as subject.

· Investigate

· To search or inquire into (1510)

· X [We, author] investigate the effects (358) of (349)

· Examine

· Investigate by inspection (1330)

· X [we, researcher, author, investigator, study] examine the effect(s) (535) of Y (518) on

· Explore

· To look closely into (1592)

· X [We/study/analysis]explore the relationship(s)

The major difference with probe is that the first use of each of these in the OED is verbal. This means that any resonance will be entirely vertical. Here, the italicised figure in brackets corresponds to the first attested date in the OED whereas the figure in the pattern is the verb frequency in the BMC corpus. 

Investigate is entered twice, both as verb and as a class. Within the class, it is resonance that will colour the meaning so that the different uses become clear. This must be encoded in the dictionary so that the explanations of the word do not lead to false collocations being created. Examine and explore are both of verbal origin and along with investigate, share the fact that their subjects are often human, the scientist, or the particular project carried out by the scientist – the study. These verbs also have their own particular patterns that differentiate them from heir potential synonyms. Insofar as the patterns differ, the entry for INVESTIGATE is broken into two sections; researcher investigates and instrument investigates. The former is then linked to another class of verbs that illustrate researcher actions.

In the case of probe, it is the resonance of its nominal usage as an instrument that is carried over and which differentiates it from the others, hence a subclass in which the instrument ‘examines’ rather than a human agent. The resonance of a nominal usage is found in other science verbs, for instance the verb to blot, derived from blotting.

Science may make heavy use of nominalisation, but verbalisation also occurs. Resonance can demonstrate the difference in patterning provoked by a tool status. In the case of probe the resonance goes back much further emphasizing its ancestry as a precision instrument for investigating without damage. 

8. CONCLUSION

Resonance is not the main thrust of our work, our first aim is to build a dictionary of verb use in sciences with classes that will reflect usage and assist with production. In doing so we are attempting to use a bottom-up approach in which the selection of headwords as well as the establishment of classes and the demonstration of patterns will be driven by collocational patterning. However, in placing a verb within a given class it is necessary to show why it has been placed there and to what extent it differs from other verbs in the class. This will not only be reflected in patterning that is directly available in the specialised corpus but also by information that can be gleaned from a wider context. 

The development of natural classes from the corpus also ensures that the dictionary will grow organically as verbs lower down than the initial 100 are brought into play. This is the case with ‘probe’ which is actually in 525th position on the verb list. It enters the dictionary primarily as a member of an investigate class, which has been opened due the presence of the partial synonym ‘examine’, which is in the initial list and, incidentally, classified by Levin as an investigate verb.

Resonance is part of the wider context. Time spent in exploring resonance patterns may assist is showing why one choice is preferable to another within a given context so that what is simply correct can be replaced by what is natural and correct. This is particularly true in cases where related polysemic noun and verb forms are to be found. Other noun-verb combinations are also being looked at, notably the pair of proof and prove, which partially share the same etymology as probe, but which are nouns found in different classes. In this case, the noun is derived from the verb so the resonance relationship will work in the opposite direction. 

Resonance will also help identify specific aspects of meaning that are not always clear to a NNS user, and even NS users, such as semantic prosody, where hidden meanings can carry major consequences. Its primary use though will be opening up the vast potential of advanced learner’s dictionaries to special language lexicography by demonstrating how general language patterning can be related to special language usage.

Finally, resonance is part of the armoury of collocation studies. Meaning is not created ex-nihilo, but neither is it found in words alone. Collocation provides us with a powerful tool to see how meanings have been created within contexts. Lexical primings are essentially personal, but language is a social construct and so those primings are a result of interaction within society. Part of these interactions are reflected in texts and collocation. Resonance can show how different collocational environments prime different meanings, but also how these are related.
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�	 http://framenet.icsi.berkeley.edu/


�	 http://nlp.fi.muni.cz/projekty/cpa/


�	 http://r23413.ovh.net/scientext-site/spip.php?article1


�	 http://www.biomedcentral.com/


�	 http://www.ims.uni-stuttgart.de/projekte/corplex/TreeTagger/


�	 http://eurydice.cs.brandeis.edu/BSOonline/newBSO/BSObrowser.py?word=Clothing+Material&db=Ontology&action=display
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		Rang		Topic		Nb occurrences

		1		Medical Genomics		6345403

		2		Genomics		6128374

		3		Bioinformatics		5449285

		4		Genetics		3563424

		5		General		3102989

		6		Women's health		3093799

		7		Public health		2731058

		8		Cancer		2599432

		9		Infectious diseases		2484192

		10		Systems biology		2251776

		11		Immunology		2052076

		12		Microbiology		1856747

		13		Musculoskeletal disorders		1690743

		14		Pregnancy and childbirth		1556936

		15		Cell biology		1442691

		16		Molecular biology		1323960

		17		Health services research		1111283

		18		Endocrine disorders		1063603

		19		Neuroscience		1006179
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Feuille4

		Rang		Topic		Nb texts		Nb occurrences

		56		Urology		43		95294

		57		Nursing		12		62099

		58		Oral health		17		56736

		59		Palliative care		14		55787

		60		Zoology		13		52838

		61		Emergency medicine		10		30246

		62		Ear, nose and throat disorders		10		21218
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