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ABSTRACT

Abstracts are one of the most important sectiorecademic articles as they represent the readestsehcounter
with the article. In Hyland’s words (2004, p. 65jis ... is the point at which a piece of researclyrstand or fall — at
which the reader must be ‘hooked™. In other woiitiss based on the abstract that the readerjticgies the quality of the
researcher’s work and decides whether to contieading the article or abstain from doing so. Beeafsts importance
in gaining the interest and acceptance of the spoeding research community, research on abstraitingv has
proliferated. Abstracts have particular generiddess which reflect the common practices of theesponding research
community (Hyland, 2004) and differentiate themnfrmther sections in the research article. Thesergerfeatures
become more fine-tuned according to the specHigiof the discipline to which abstracts belongthis context, the
present research attempts to study relational, mahtenental and verbal processes in mathematasdarch abstracts in
order to find out how researchers abide by the gerfeatures of abstracts and the specificitiesMathematics, a
discipline belonging to the hard domain of knowledgo this end, a corpus of thirty mathematicabaesh abstracts is
investigated using both quantitative and qualigativethods. The analysis has shown that relatiomaterial, mental and
verbal processes are not equally distributed. iBhagtributed to the generic features of abstrantsthe specificities of the
corresponding discipline, i.e. Mathematics. Thiglso traced back to the communicative functionsettional, material,

mental and verbal processes.

KEYWORDS: Relational, Material, Mental and Verbal Process@ssearch Article Abstracts/ Generic Features/

Disciplinary Norms
INTRODUCTION

According to Halliday (1975, p. 16), “language l@®lved in the service of particular human need§his.
functional principle is carried over and built inttte grammar, so that the internal organizatiothefgrammar system is
also functional in character.” In other words, hunheings make lexico-grammatical choices from thguistic system in
order to serve particular functions. These functiare determined by contextual factors such astexgand genre. Seeing

the importance of genre in the build-up of any téx notion of genre will be reviewed in the foliog subsection.
Genre

According to Huckin (2006, p. 93), “[jJournal afécabstracts have become an increasingly impodante,
especially in science and technology.” The impar¢aaf article abstracts in academic writing isilattted to four reasons.

First, abstracts “serve as stand-alone mini-texts’other words, they summarize the article inahgdthe findings and
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research methods. In this way, they allow writersbé informed of the new discoveries in their retipe cultures.
Second, “they serve as screening devices”. Thitey, are the starting point based on which thdeesadecide whether to
read the article or not and the corresponding reee@mmunity judges whether the abstract confdarise norms of the
genre, discipline and register to which it belongsird, “abstracts serve as previews, creatingnéerpretive frame that
can guide reading.” Thus, they help readers to nstaled the article. Fourth, they “serve as aidsnexing by
professional indexers for large database servi@dstkin, 2006, p. 93). For all these reasons, theract genre has been
analyzed by various scholars including Hyland (20®&rkenkotter and Huckin (1995), Suntara and ds@913), and
Ren and Li (2011). Abstracts have been investig&iednany linguistic features such as that-claygtkam, 2010) as
well as tense and voice (Abarghooeinezhad & Si2@1,5). Unlike these studies, the present reseaiitioaus on verb
complementation. This choice is motivated by thet that novice researchers find difficulties inngsilexical verbs in
academic writing (Granger & Paquot, 2009). It isoajustified by the importance of verbs in clauseciure (Sinclair,
1990, p. 137). These reasons explain why transitivill be investigated in the present researchmfithe perspective of

Systemic Functional Linguistics (henceforth SFL).
Transitivity and Process Types

In SFL, “transitivity is a system of the clausefeafing not only the verb serving as Process kad phrticipants
and circumstances” (Halliday & Matthiessen, 20142%7). Process types are classified into six tyglish are namely
material, mental, verbal, relational, behavioral axistential processes. Only four process typ#idwiinvestigated in the
present research. These processes are materiipmal, mental and verbal processes. The anahgssbeen limited to
these four process types as behavioral processedta least distinct of all the six process typesause they have no
clearly defined characteristics of their own” (Hiddly & Mathiessen, 2014, p. 301) and existentiastare not, overall,
very common in discourse — on the order of 3 tedgent of all clauses are ‘existential” (Hallid&Mathiessen, 2014,
p. 307-308). Each process type expresses partitulations in context. This is why the presenesgsh attempts to find
out how academic writers construe their identitibsmathematical article abstracts through analysiing lexico-
grammatical choices of material, mental, relaticenadl verbal processes. Each process type is awsbeigth particular

participants and has its own distinctive featuFes.this reason, each process type will be destiibehat follows.
Relational Processes

Relational clauses stand for characterization dedtification. In such clauses, relational processe typically
be andhave (Halliday & Matthiessen, 2004, p. 214). They arersas processes of being in the sense that thee telo
participants to each other. As Halliday (1994, 19)1puts it, “there are two parts to the ‘beingsmeething is being said to
‘be’ something else. In other words, a relatiorbésng set up between two separate entities”. Ampia of relational

processes is provided in the following sentence:
El. ltwasn’t one nation at that point;utasa large number of independent political entities.
(Halliday & Mathiessen, 2014, p. 211)

Material Processes

According to Halliday and Matthiessen (2014, p.224)'material’ clause construes a quantum of cleaimgthe

flow of events as taking place through some inf@nergy.” In these clauses, processes stand faugactivities. In the
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words of Fontaine (2013, p. 74), material procesgesver] the range of processes that express iiesvof doing,

happening, changing and creating”. The followingteace includes an example of a material process:

E2. Theseare formed by chemical precipitation, by biological precipiten, and by accumulation of organic

material.
(Halliday & Mathiessen, 2014, p. 185)
Mental Processes

Mental clauses “[construe] a quantum of changehim flow of events taking place in our conscioushess
(Halliday & Matthiessen, 2014, p. 245). This chacge stem from an individual’s own consciousnesan something
else encroaching on it. The processes involvediéh €lauses denote individuals’ cognitive constafadituations in the
external world or their emotions, reactions anduateés towards those situations (Fontaine, 20135p. An example of

verbal processes is cited in the following sentence
E3. But thisseminds me of Tamara.
(Halliday & Mathiessen, 2014, p. 198)
Verbal Processes

Verbal clauses “are clauses of saying” in narratiae they establish “dialogic passages” or “develogpunts of
dialogue on the model of ‘x said, and then y saitbgether with quotes of what was said”
(Halliday & Matthiessen, 2004, p. 252). This is wiggins (2004, p. 235) defines verbal procességrasesses of verbal
action.” Examples of these processes inckayereport, explain, argue, talk andtell. Verbal processes function differently
from one discourse to another. Whereas in newstiagahey identify the sources of information,danademic discourse
they enable the writers to “quote and report fromniaus scholars, while at the same time indicathreg writer's stance
with verbs like point out, suggest, claim, ass@rélliday & Matthiessen, 2004, p. 253). The follomgiexample includes a

verbal process:
E4. The studyaysthat such a diversified village structure produaekialistic pattern of migration.
(Halliday & Mathiessen, 2014, p. 254)

The present research seeks to analyze how writarstreie meaning through making grammatical choices
accordance with the specificities of the abstramtrg and the discipline under study, i.e. MathessatThis is why

disciplinary norms will be the focus of the nexbsaction.
Disciplinary Norms

As is previously mentioned, these four process dypdl be analyzed in research abstracts belondong
Mathematics, one discipline pertaining to the hdothain of knowledge. This domain, as opposed tostiffedomain of
knowledge, is characterized by a particular sefeatures. Among these features, Hyland (2004, pi@&tifies the
cumulative nature of knowledge as writers build nevowledge based upon previous knowledge. In fhetre is no

disruption; this is a continuous process sincenttiters add to the existing literature. As Hyla2®@4, p.30) puts it,
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An important cognitive feature of hard knowledgetssrelatively steady cumulative growth, wherelgems are
typically seen as determined by the imperativesuofent interests and new findings are generateal Ilmear development

from an existing state of knowledge.

In addition to the cumulative nature of knowleddyland (2004, p. 38) claims that the hard scienaes
characterized by the frequency of research verbls asdevelop, show andobserve. This is explained by the cumulative
nature of knowledge and the inductive approachhehiard domain of knowledge as knowledge comes r@sdt of
experiments conducted in laboratories. In the warfi$lyland (2004, p.38), “the scientific ideologyhish perceives
laboratory activity as impersonal, cumulative amduictive also helps to explain the relatively higgguency of ‘research’

verbs found in the science/engineering corpus.”

The present research will study the extent to whih distribution of the four process types in reathatical

article abstracts reflects the characteristichefttard domain of knowledge.

Although Mathematics shares various features wiitierodisciplines belonging to the hard domain afwledge,
it has its “own discursive practices” (Samraj, 204.311). When writing in a particular disciplinbgtwriter has to consider
the previous academic writings in the same diguipland to abide by the basic rhetorical featuresptadl by other
scholars in the same discipline. In doing so, asaclevritings in each discipline become stable, thaking writers to

overcome the difficulties which may be encountdredause of the generic specificities of each disegHyland, 2004,
p. 4)

METHODS

To explore the distribution of material, mentallational and verbal processes in mathematicallartibstracts
and to find out how these choices are motivatedhsygenre under study, a corpus of fifty abstrhets been collected
from the journal of Advances in Mathematics. Thesadicles are published on the following website:

https://www.journals.elsevier.com/advances-in-mathgcs/ To this corpus, both quantitative and qualitativethods of

analysis have been applied.
Quantitative Analysis

The quantitative approach provides objective figdinthe obtained results are valid and reliablehay are
context-free and unbiased because this approabhsisd on precise measurement (Katz, 2009, p. 8%rder to find
about the frequency of each process type in theusounder study, one computational software, i@ UAM CorpusTool,
is used. Thanks to this software, the frequencyridigion of each variable is detected. To get #dbeidea of the

guantitative analysis, the UAM CorpusTool and freaey distribution will be described in what follows
The UAM CorpusTool

The quantitative analysis has been carried oututiitoone computational program which is the UAM

CorpusTool. This program is downloaded for freerfrthe following website: http://www.corpustool.cont/ allows the

researcher to annotate four linguistic features, material, mental, verbal and relational proegsk order to do so, one

layer named process types is created. This laydrawn in the following figure:
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This layer is based on segment coding; that isayo the researcher will look for particular lingigsitems and
assign to each one of them a particular feature-igsre 1 shows, this layer consists of one schetrieh is made up of
four features, i.e. material, relational, verbatl anental. In the present research, it is hypotkeesthat the choice of one
particular feature instead of another is determineyl the generic features of the Abstract and thecificities of

Mathematics, a discipline belonging to the hard dionof knowledge.
Frequency Distribution

Frequency distribution is one of the statisticall$oallowing “[researchers to] make a distributioy giving a
frequency for each individual value taken by thaakde” (Triki & Sellami-Baklouti, 2002, p. 46). Ithe present research,
frequency distribution is used to measure the idigion of each process type in the corpus undedyst These
distributions can be displayed thanks to the UAMpLSToo0l.

Qualitative Analysis

Quantitative findings pave the way for the quaNeatanalysis. Indeed, the researcher has to irgetpe statistics
and explain the similarities and differences in diribution of the variables. As Triki and SellaBaklouti (2002, p.37-
38) claim

The objective of the linguist is not to translatgigen text into a set of numbers, but rather &ssify those
numbers in a meaningful way and to interpret thafter having proved their significance, providifm$

empirical evidence for his/her conclusions abogivan text.

In the present research, the qualitative analgsisanifested in the description of the functiof®ach process
type in mathematical research abstracts and tleepirgtation of the distribution of the four procagges in the corpus

under study.
RESULTS AND DISCUSSIONS

Since the present research seeks to explore acadaitérs’ choices of material, mental, relatiomald verbal
processes and to study the extent to which theildliion of these processes is genre related, tinegquencies are

displayed in the following table:

Table 1: Frequencies of the Four Process Types indthematical Research Abstracts

Processes| Frequencies| Percentages
Material 473 71.45%
Relational 109 16.46%
Mental 68 10.27%
Verbal 12 1.8%
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As Table 1 shows, material, relational, mental aacbhal processes are not equally distributed inherattical
research abstracts. In fact, material processethammost frequent as they represent 71.45 %. Thesesses are mainly

used to describe the actions of the researchecsralse seen in the following examples:
E 5.The Hankel determinants can also be evaluatagsing the Hankel continued fraction.
E 6. Instead, Gessel's conjecture was first praxgdg an inventive computer algebra approach in 2008.
E 7. Weproduce additional derived auto equivalences of a GIT cpruti

E 8. In particular, we show that each homogonyplmese has the “same” isoperimetric foliations asdtandard

sphere Sn has except for ndducing the classification problem on homogony spherdgbhdabon the standard sphere.
E 9. The twist construction is a geometric T-dyatlitatproducesnew manifolds.

In examples E 5 and E 6, material processes shewdtive role of the researchers, through indigatie actions
they performed during the experiment. In this wagsearchers manage to market a positive self-intagleeir culture
through highlighting their role on the one hand atiebssing the accuracy and reliability of theipesment through
providing an adequate description of the experialgmocedures on the other hand. This positive etarg of the self is
further revealed in example E 7, where the wrifersground their contribution to this field of reseh through displaying
the concrete product of their experiment, thusertiihg their attempts to draw readers’ attentiothtooriginality of their
research. This image is also conveyed through ebaiBp8 by means of which the writers show the pasieffects
generated by their research. Considering thathk&act is the first section which readers encauwsme it is the one upon
which readers decide whether to continue readirgatistract or abstain from doing so, the writeests& convince the
readership of the importance of their piece of aede in order to grant its acceptance by the cpording research

community.

Another function of material processes is descglilre interaction between the variables in theaie$e This is
illustrated by example E 9, where the writers iathic how one variable leads to the creation of amotine. The
explanation of the experimental design, couplechwliite absence of any reference to the researchieosys writers’

intentions to convey a sense of detachment.

The frequency of material processes in mathematidadle abstracts reflects writers’ attempts teate a text
which is close to the personal experiences of éaelers. In other words, through describing diffetgpes of activities,
material processes enable writers to create dymamiscientific writing, which makes the text apjiegto the readership
and thus easier to read and understand. Such aefieg reveals the similarity between this genre ethér genres like
recipes and procedural texts. As Halliday and Msesthen (2014, p. 219) put it, “recipes and otheceutaral texts are

almost entirely ‘material™. This finding supportee claim of Thompson (2004, p.91) that “materiagesses form the
largest and most diverse category in transitivity’is also consistent with the finding of Hylan2004) that disciplines

belonging to the hard domain of knowledge havega fiequency of research verbs.

Concerning relational processes, they are ratednseas they represent 16.46% of the total occuesrnf
process types in the corpus. In spite of not bdieguent, relational processes convey various fonstwhich are

illustrated by the following sentences:
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E 10 .The twist constructias a geometric T-duality that produces new manifolds.
E 11. Itis shown that its norm equaland that ihasa purely continuous spectrum which is the intef@at].

E 12. In this article we obtain a simple topologiead dynamical systems condition whighnecessary and

sufficient for an arbitrary pseudo-Anosov flow irtlased, hyperbolic three manifold to be quasigeimde
E 13. These resultre in agreement with known facts about the classiiidert matrix.

Writers use the relational processbe in example E 10 in order to define technical terkivhile defining the
jargon specific to their own field of expertisee thriters aim at achieving familiarity and makirng twriting explanatory.
This idea is confirmed by Barrass (2002, p.30) wi@ntains that, “always, in scientific writing [tipirpose of the writer]
is to explain.” Obviously, through defining techali¢erms, writers manage to clarify the messageake it understood by

the audience.

Relational processes can also have a descriptivetifun, as is illustrated by example E 11. In théntence,
writers use the relational process in order to ldisgheir findings, through describing one of tharigbles. Like the
material process in example E 8, this relationalcpss shows the worth of the research and revealsdice of the
researchers in their corresponding community. Woise can also be seen in example E 12, where titersvuse the
relational procest be followed by the adjective phrasecessary and sufficient for an arbitrary pseudo-Anosov flow in a
closed, hyperbolic three manifold to be quasi-geodesic in order to provide their judgment about a paréculariable. This
reveals the strong presence of the researchersedladts the extent to which writers have movedrfrobjectivity to

subjectivity.

As well as having a descriptive function, relatiopeocesses can express connectivity. For instancggntence
E 13, writers use the relational procésde in order to display the relation between theiesrsh and previous studies in
the literature. Through showing their allegianceptevious works in the literature, writers reflélogir awareness of the
rituals of the genre within which they operate. éatingly, relational processes in mathematicalckrtabstracts show
how academic writers measure their authority wehpect to two interpersonal moves (Tang, 2009,88):1'(a) the
assertion of a writer’s voice (encompassing his@ignions, stance, and agenda), and (b) the Iggatinhat voice within

the ongoing or past ‘conversations’of his/her gikoe.”

Obviously, the findings of the present study arfiedént from those of Halliday and Mathiessen (2044215)
claiming that relational processes are among th&t frequent process types in the transitivity syst€his can be seen as
a local probability of the abstract genre. In therds of Halliday and Webster (2009, p. 252), “glopeobabilities are
those pertaining to the language as a whole, inaaitexts and registers. Local probabilities amséhthat are particular to
one subsystem or text type, or even to one bodgxbf’ This local probability can be explained I tfact that descriptive
relational processes reveal the engagement of tti@rwand his involvement, thus showing a movemtwards
subjectivity. This accounts for the infrequencyrefational processes in mathematical article abstr&Such infrequency
can also be traced back to writers’ attempts tatersuspense in the abstract section, as theytdeamd to extensively
display the different relations between their stuahyd other works in the literature. Another reagastifying this

infrequency lies in the communicative functiondlté abstract section as writers often leave ddfittie jargon specific to
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their level of expertise to the introduction sectexcept for some of the key concepts which aressary for the readers

to understand the abstract section.

Concerning mental processes, they are classified &is they represent 10.27 %. These processestreftiters’

cognitive construal of their academic identitiegsafples of these processes are listed below:
E 14. Ira Gessalonjectured that the number of lattice walks had a simple hgm®metric form.
E 15. We furtheprove the existence and smoothness of invariant folgtion the center manifold.
E 16. Weprove a general coloring theorem for hyper graphs qfexml type: shift-chains.

E 17. Thus our TQFMay be consideredas a super-TQFT.

E 18. At the same time, thean be seeras local positivity invariants

The mental processonjectured is used in example E 14 in order to display thkefseof another researcher.
Through holding another Senser, i@ Gessel, responsible for her interpretation, writers shmgense of detachment and
foreground their objectivity. However, this imagé abjectivity is flouted when the writers use menpgocesses in
examples E 15 and E 16 in order to display thedifigs and interpretations. This, therefore, revealters’ strong voice
and shows how they move from invisibility to vidityi. This visibility is further reinforced througthe personal pronoun
we and the active voice in sentences E 15 and E d6tas downplayed in examples E 17 and E 18 thhaihg use of the
passive voice. Accordingly, mental processes unctheviews of the researchers and their judgmenhite at the same
time voicing their presence. As Holmes and NesO®(. 59) put it, “mental processes were oftemébio involve
subjective interpretation and result in greateibilisy for the writer.” This explains the infreqney of these processes, a
fact which is also accounted for by the disciplinfratures of Mathematics as belonging to the dardain of knowledge.
That is, knowledge in the hard sciences is cumuddtiyland, 2004) and scientific research in tlasndin is characterized

by experimentation and objectivity.

As far as verbal processes are concerned, thetharkast frequent (1.8%). These processes haepating

function, as is shown in the following list of exples:
E 19. theyassertthat all n-loop box integrals are equal to eadteot
E 20. The authorslaim that the result is also true for the Minkowski netase.
E 21. In other words, Weyl algebrds not admit genuine finite quantum symmetries.
E 22. Explicit detrimental formulae and multivafialextension of the Heine integral formalee stated
E 23. This resulivas announcedn a note with P.

In examples E 19, E 20 and E 21, writers reporeiogitudies through using verbal processes. Throiligiy other
researchers in the abstract section, writers mattageview other studies and situate their resear¢he literature. This
shows their intents to gain credibility for theésearch. Although citing other works reflects wetattempts to minimize
their personal and subjective footprint, it revetsir intention to convince the readership of timportance of their

research within the corresponding culture. Hendkfariting authorities in the abstract genre carséen as a persuasive
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tool meant to foreground the worth of the reseafdte fact that verbal processes are barely présehis genre can be

accounted for by writers’ intents to leave the astee references to other works to the literatexeemw.

Not only are verbal processes used to report ctiuelies, but they are also employed by the resees¢b display
their findings, as is indicated by examples E 2@ Br23. The infrequency of these processes caxjlaieed by the fact
that writers in the abstract genre cannot discidisthe findings to the readers. Instead, they glisgplay the most important
findings to captivate readers’ attention and toiwaté them to read the article. Such infrequencsujgported by the claim
of Halliday and Mathiessen (2014, p. 219) that skfrocesses characterize news reports and thadiad Hyland (2004,

p. 37) that reporting verbs are not frequent intthed sciences including Mathematics, the disogplinder study.
CONCLUSIONS

Material, mental, relational and verbal processes ot equally distributed in mathematical artielestracts.
Being the most frequent process types, materiatgases show writers’ agency and foreground theitritation to the
corresponding research culture. They also enabkarehers to give credibility to their works asstherocesses serve as a
tool to describe the experimental design. Thistefoee, reveals how writers in the abstract genoarfrom objectivity
while outlining their actions during the experimeatsubjectivity when voicing this presence.Thesecesses also create
dynamismin the writing and, in such a way, the tex¢omes motivating for the readers. Accordinghg trequency of
material processes is attributed to their beingatiife tools for describing researchers’ activittasl for engaging the
readers in a dynamic text. Though being infrequestétional processes are rated second. Thesegsexbave a defining
and descriptive function and they are used to disglfferent types of relation between the variabitethe research. Their
infrequency is attributed to the communicative tiows of the abstract genre and writers’ intentsremate suspense. Like
relational processes, mental ones are infrequénis. iifrequency is traced back to the sense obilitsi and engagement
they result in. Being barely present in the corpugspal processes serve as devices for reportthgreihe researchers’
work or that of others. The infrequency of thesecpsses is attributed to the communicative funstiohthe abstract
section in comparison with other sections in thedgech Article. While citing other works is maiaycharacteristic of the
introduction section, reporting the current reskars’ findings is mainly a feature of the resultstion. Accordingly, the
variation in the distribution of the four procegpds in mathematical research abstracts is attibitt the communicative
functions of this genre, the specificities of thscgline under study and the intents of the wsiter
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