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Abstract 

This paper outlines a methodology which is consistent with a hcuristic­
grounded theory- document analysis- qualitative approach (Patton, 

1990, Creswell, 1 994 & Halliday, 1 996, Biber et aI., 1 998) that was 
employed in a recent cross disciplinary doctoral research. The study 
was an Investigation into the linguistic resources that construct 
specialised knowledge in chemistry. The theoretical framework of 
systemic functional linguistics (SFL) outlined by Halliday and 
Matthiessen (2004 based 111 tum on Halliday ( 1 994/1985») was used as 
the main research tool. The system of taxis and logico semantic relations 
was demonstrated in relation 10 three analytical chemistry textbooks 
used at the undergraduate level 111 University of Malaya on the subject 
of chromatography (Rubi nson & Rubinson, 1 998, Skoog, et aI., 2000 
and Christian, 2004). The principal markers of taxis and logico-scmantic 
relations were identified according to 57 coding categories remodeled 
after Halliday & Matthiesscn's (2004) conceptualization of taxis and 
logico semantic resources in English. 

The research methodology used in the study was not a set of 
procedures nor did it follow any hierarchy or priority in the procedures 
for obtaining linguistic description. Hence, this paper will attempt to 
show how theory was used maximally to account for linguistic 
description and provide the foundations for explorations. The mediation 
of the range of scm antic phenomena is through the researcher herself 
rather than through any inventory, questionnaire or machine, e.g. a 
parser or coder Hence, this paper will discllss how theoretical issues 
such as the coding decisions, Interpretation of complex grammatical 
constructIOns and association pattems, overlapping categories and 
other Indeterminacies were resolved using a manual, clause by clause 
analysis. The analysis of data involved the constant comparing of 
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Instances of onc category with another in an attempt to refine the 

patterns that emerge. This paper will attempt to demonstrate the research 

design in a stepwise fashion which reflects the various dimensions to 

the analysis. Finally, the potential of a heuristic-grounded theory­

document analysis�qualitative approach for encoding experiential 

meaning is outlined. 

Introduction 

This study wiliidenttfy, describe and explam the methods and proccdures 

for data collectton and grammattcal analysis of text m a natural context of 

use from a systemic functIOnal linguistlc (SFL) perspective. The data for 

the study came from three analyttcal chemistry textbooks (Rubmson & 
Rubmson (1998), Skoog, et.al (2000) and Christian (2004)) for undergraduate 

use. Published hterature provtdmg detailed descnptions of the methods and 

procedures for cross-dtsclpllnary research of this kind arc rare. Hence, the 

slgntficance of the current study tS III outlining a methodology for research 

mto I mgUlstlc analYSIS from an SFL point of View, patticularly m the genre 

of the textbook. The current study draws on a qualitative approach that 

was employed m a recent cross disciplinary doctoral research (See Sriniwass 

2006a.) which attempted to uncover the role ofthe clause complex til English 

for encodlllg tertiary chemistry phenomena in the genre of the textbook. 

Pubhshed research reporting how the theoretical framework proposed by 

Halhday and Matthlessen (2004) on the system of the clause complex was 

adapted for use can be found in Snmwass (2006b) and Snmwass (2008). 

Overview of data: Data Selectioll, Collectioll & Description 
Whole textbook chapters from three analytical chemistry textbooks for 

undergraduate use were used to sample information on chromatography 

Chromatography IS the most common and powerfu I analytical 

techtllque used til analytical chemlstlY, organic chemistry, biochemistry and 

medIcinal chemistry for achieVing analytical separations. In fact, "all 

branches of chemistry draw on the ideas and techlllques of analytical 

chemtstry" and it tS often termed as the "central sctence" (Skoog et aI., 

2000' 3). Altogether 5 undergraduate chemistry textbooks were shorthsted. 

Rubtnson & Rubinson (1998), Pavia et.al (1999), Rouessac & Rouessac 

(2000), Skoog, ct.al (2000) and Chnslian (2004). Of the five books, only 

Rubtnson & Rubinson (1998), Skoog, et.al (2000) and Christian (2004) were 

selected. Rouessac & ROllessac (2000) which was a translatIOn from French 
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and Pavia et.al (\999) which was a laboratory textbook were not selected 
for the study as the Issue of representativeness was deemed cruciaL The 
three textbooks selected fulfilled the following protocol and as such were 
regarded as sUitable models of wntten chemistry expositIOn. 

I. Genre: tertiary chemistry textbooks, 
ii. Medium: wrItten, 
iii. Language: authentic English, not translated works, 
IV. PubhcatlOn. fairly recently, 1998, 2000 and 2004, 
v Organization. around textbook chapters, 
VI. Aud1ence: for an undergraduate chemistry course, particularly students 

of medicll1e, biology; engineenng environmental science, matenal 
science and other fields related to chemistry, and those working In the 
field, university students in the Faculty of SCience; 

VII. Availability· univefSlly bookstore; 
viii. Representativeness. Identified to be analytical expositIOns In the genre 

of analytical chemistry and 
IX. Coverage: fundamental, traditional and practical aspects of analytical 

chemistry 

Table I I provides an overall survey of the textbooks used 111 the study 
A more detaIled overview of the diviSion of textbook chapters into topics 
and sub-topICs IS proVided m the appendiX of the larger study 

Table 1.1 Survey of the selected textbooks for analysis 

TextbookA. 
Authors Rubmson, Judith F & Rublllson, Kenneth A.. 

Year of PublicatIOn. 1998. 
Title of book: Contemporary Chemical Analysis. 
Publication. Prentice Hall 
Place of PublicatIon. New Jersey, U S.A. 
Total number of Chapters . J 6 
Chapters used for the study· 
(i) Chapter 13 Separations and Chromatography (pages 404 457) 

totalling 53 pages and 
(ii) Chapter 14. Separations by Applied Voltage: Electroseparations (459 

483) totalling 24 pagcs. 
Textbook B 
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Author s: Skoog, DouglasA . . , W est Donald M Holler F J ames & Cr ouch 
Stanley R. 
Year of Pu blication : 2000 (7th edition) 
Title of book: Analytical Chemistr y' An In tr oduction 
Publication. Saun ders College Publishing, 
P lace of PublicatIOn. U . S.A. 
Number of Chapters. 27 

Chapter s  u sed for the study' 
(i) Chapter 24 An In troduction to Anal ytical Separations (pages 638 

666) totalling 28 pages, 
(ii) Chapter 25 Gas-Liquid an d H,gh-Perfomlance Fluid 

Chr omatogr aphy (pages 667 - 695) totalling 28 pages and 
(iii) Chapter 26 Super cn tical-Fluid Chromatography, Capillary 

E lectr ophoresIs, and Capillar y  E lectr o- chromatography 
(pages 700 718) totalling 18 pages. 

Textbook C: 
Author : Chnstlan Garv D. 

Year of publlcation. 2004 (6th edition ) 
Title of book: An alytical Chemistry 
Publication . John W iley & Sons, Inc. 
Place of publicatIOn. U llIv er sity of W ashington, USA 
Number of chapter s . 26 

Chapter used for the study' 
(i) Chapter 19 Chromatography' Pr inciples and theor y 

(pages 555 573) totalling 18 pages 
(ii) Chapter 20' Gas chr omatogr aphy (pages 574 603) totalling 29 pages 
(iii) Chapter 21 LiqU id chr omatogr aphy (pages 604 642) totalli ng 

38 pages 

All the three selected textbooks contained chapters on separ atIOn 
techn iques which cov er ed tOP'CS typically found in any standar d  
under gr aduate an alytical chemistr y  textbook such as 'SeparatIOns and 

Chromatography', 'SeparatIOn Methods' and 'Chromatography Pr inciples 
an d Techlllques' Although th er e  was some div er Sity in terms of the 
orgalllzation of the textbook chapter s, the chapter s  abov e cov er ed sub­
tOP'CS on chromatogr aphy techniques such as gas chromatogr aphy, high 
per formance liqUid chromatogr aphy and electr ophor esis among other s. ThiS 
div ersity did not pose any Interfer ence In the analytical method of the study 
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as the Unit of analysis was the lexlcogr ammatlcal' str atum and its r elation to 
the r est of the text. 

The textbook chapter s wer e labelled as A I, A2, B I , B 2, B 3, C I ,  C2 
and C3 cor responding to chapter s 1 3, 14 (Textbook A), 24, 25 and 26 

(Textbook B )  and 19 , 20 and 21 (Textbook C) r espectiv ely as shown in 
Table 1.2. 

Table 1.2 Labelling of textbook chapters that were used as data for analysis 

Source Textbook Data Topic 

label label 
Rubinson & Textbook Text A I Separations and Chromatography 
Rubinson A (Study 1 3 )  
( 1 998) 

TextA2 Separations by Applied Voltage: 
(Study 14)  Electroseparations 

Skoog, West Textbook Text81 An IntroductIOn to Analytical 
et al. (2000) 8 (Study 24) Separations 

Text 82 Gas-Liquid and High-Performance 
(Study 25) Liquid Choromatography 
Text 83 Supercritical-fluid Chromatography, 
(Study 26) Capillary Electrophoresis, and 

Capilary Electrochromatography 
Christian Textbook TextCI Chromatography' Principles and 
(2004) C (Study 1 9) theory 

TextC2 
(Study 20) Gas chromatograohy 
TextC3 
(Study 2 1 )  Liquid chromatography 

Gelleral criteria for determillillg text bOlli/dories 
Ther e ar e close par allel s  between Mar tin's (19 89 ) descr iption of factual 
genr es (Recount, Pr ocedur e, Descr iption and Repor t) and the or ganization 
of doing science in the textbook chapter s used for this study The textbook, 

r egar ded as a macr o-genr e, combines the factual genr es of pr ocedur es, 
pr ocedur al r ecount, r epor t, and explanation. 

The data as a whol e ar e structu r ed as macr o-r epor ts "with pr ocedures, 
pr ocedur al r ecounts, and explanations dependent on r epor ting co-text" 

(Der ewlanka, 199 2  Cited In Mar tin, 19 89 '1 4 8 ). In the macr o- genr e  of the 
textbook, scientific I deas ar e expr essed not Just fr om the "r unning v er bal 
text" (after Lemke, 199 8 9 7 ). Lemke (199 8 )  pOin ts out that v ar ious kinds 
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of Images ( for e . g. figur es, tables, photogr aphs, etc. ) play a r ole in the 
macr o-genr es Identified abov e. Mor eov er , what constitutes data IS not simply 
a collection of text but r epr esents the language of chr omatogr aphy or part 
of that language in the r unn1l1g v er bal texts. W hile the study acknowledges 
the inter action s between the r unning v er bal text and ItS graphics (Lemke, 
1998, Kr ess and v an Leeuwen , 200 I ,  Mar tin, 1989 & 1995 and O 'Halior an, 
2000 & 200 3) , the um t of an al ySIS of the study IS the clause complex' 

Ther efor e, an Identificallon cr iter ia which dIStinguishes r unning v er bal texts 
fr om other modalities such as figur es, tables, photographs, pictur es, in-box 
texts and an notations as IS typically found 111 any science textbook was set 
up to deter m1l1e the text boun dar ies. ThiS cr iter ion was set up an d 
consistently applied to pr epar e the texts for analYSIS. I t  enabled a 'pr incipled 
collectIOn' (after B iber et aI., 1998 12) of the r unning v er bal texts to be 
don e. The text is set off or thogr aphically With all section and sub-secti on 
labelling r eta1l1ed in ItS or iginal for m, sub-section s Without enumer ation ar e 
giv en enumer ation for ease of r efer en ce .  

The study excludes the follow1l1g Items fr om the analysis. 

Images/ diagr ams and the texts 
1I1clud1l1g them 

Quotation s 
Par enthetical infor mation 
(Or thogr aphic sentences set of 
111 par entheses) 
Photogr aphs 
Mathematical equations which 
ar e not dir ectly integr ated into 

r unn ing v er bal text 
Acl10n boxes 

In box text 
Tables 

• lIIustratlo n s and E xampl es 

• AnnotatIOns on the mar gin 
E nd notes 
Rev iew quesl10ns 
Question s and Pr oblems 
Spr eadsheet calculations 

• Concept Rev iews 
Key wor d explanations 
Summan es and exer cises 
Additional E xer cises 

Computer E xer Cises 
Suggestions for further r eading 
W eb wor ks 
Appen dixes 

E ndpaper s 
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Research design 

The rcsearch IS divided into 6 analytical stages as follows. 

Stage 1 
Stage 2 

Stage 3 

Stage 4 

Stage 5 

Stage 6 

Display ofrunmng verbal text as orthographic units 
IdentdicatIOn of umt of analysis: the divIsion of orthographic units 
into rankIng clauses 
Identification of dependency and interdependency relatIOns m 
clause nexuses 
IdentificatIOn ofprmclpal markers of taxIS and logIco-semantIc 
relatIOns 
CountIng of paratactIc and hypotactic lInks for various logico­
semantiC relatIOns 
Idcnllfication of favoured logogenetic patterns 

The complete analYSIS of all clauses for logico-semantic relations IS 
presented in four APPENDICES in the larger study: 

1. APPENDIX A presents the complete clause complex analYSIS for 
elaboration, extension and enhancement as well as projection 
relatIOns for the eight text book chapters, AI, A2, B I, B2, B3, CI, C2 
and C3 of the study in tabular form. 

11. APPENDIX B IS an index summanZIng all Instances of paratactie 
and hypotactic elaboration, extension and enhancement as well as 
projection using 57 coding categories. 

111. APPENDIX C summarises the number of clauses fonnlng complexes, 
clauses forming sImplexes and the total number of clauses analysed. 

IV. APPENDIX D prOVIdes the original textbook chapters used for the 
study 

The text extract, Text A I shown In Table 1.3 is an example of a 
runmng verbal text. The text extract will be used to exemphfy the analysis 
of knowledge construction in chemistry through the grammatIcal resources 
of c1ausc complexes In 6 stages identified in the subsections below 
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Table 1.3 Text extract from Text A I (section 13. 1  entitled "The 
Chromatography Experiment") 

Chromatography IS the science and art of separatmg the components 
of matenals from each other. Such separatIOns are achIeved using a 
wIde variety of techniques, and the molecular differences upon whIch 
the separations are based are qUIte dIverse. For example, molecules 
can be separated by thcir differences in molecular charge, molecular 
size, molecular mass, bond polarilles, redox potential, ionizatIon constants, 
and arrangcmcnts of bonds such as isomer structure or chirahty Not 
generally Illcluded III chromatography are separatIOns that use 
electnc fields to dnve charged molecules so that they separate. These 
other methods fall under the class callcd electroseparation or 
electro migration and electrophoresis. You will find thcm described 
III Study 14. 
A quote from Michael Tswett, the origlllator of contemporary 
chromato[,'faphy, will be uscd to introduce the concept of chromatography. 
In thIS quote, he uses the word adsorbent. ThIs is  a solId matenal to 
whIch molecules bllld on the surface. A chromatographic column is 
illustratcd in Figure 13.1. In this case, it IS a tube packed with adsorbent 
through whIch flows a hqUld which is called eluent. The analyte IS placed 
at the top of the column and washed through wIth the liqUId eluent. The 
compounds arc said to bc eluted. They are earned through the packed 
column by the flowlllg hquid. In this example, the eluent IS petroleum 
ether, which is a low boiling point, organic solvent. Tswett's column 
was a verllcal tube open at the top with thc cluent dnven under its own 
weIght through the adsorbent. Tswett used hIs eyes as a detector since 
the compounds he separated were coloured, and he could detect the 
bands or zones of different matenals by theIr colors. As the compounds 
separated, there were bands of color on his column from the numerous 
components III the sample. This expcriment showed that chlorophyll IS 
only one of many pIgments found m plant leaves. Tswett's simple column 
has evolved mto the contemporary eqUIpment illustrated in Figure 13.2. 

The text extract III Table 1.3 IS prepared for use as demonstrated in Section 
1.3 I 
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Stage 1 Display of running verbal text as orthographic units 

The running verbal texts are retyped and displayed as a sequence of 
numbered clauses as shown in Table lA on the following page according to 
their respective headings and sub-headings retained. The discourse structure 
of the texts was not altered. Each sectIOn and subsectIOn always starts 
wIth a new number. Similar to Wignell's, Martin's and Eggin's (in Halliday 
& Martin, 1993) observatIOn on geography text, the researcher found 
that technical terms in chemistry were explicItly marked orthographically, 
by being boldfaced. To preserve the authentIc appearance of the 
texts, terms in  boldface (or italics), for example, 'electroseparation', 
'electromigration' and 'electrophoresis', were left intact as shown in  
Table IA. 

All clauses, whether ranking3 or simplexes" were given numbers. For 
example, the clauses 111 the text extract above are numbered [13 111] to 
[13.1/19]. Each number begins with 13 I refering to subsection 13 I entitled 
'The Chromatography Experiment' Numhers 1-19 after the oblique 1 refer 
to the sequence of the clause as they appear in the original textbook study 
As mentIOned before, all subsections are retained; therefore, a clause labelled 
[13.2/ 5] draws reference to subsection 13. 2  entitled 'Nomenclature of 
Chromatographic Separations' and '5' refers to the fifth clause in that sub­
section. However, in  instances where there was no section number in  the 
original text or when the section was divided into sub-sub sections without 
numbers, the abbrevIations of the titles will be used in the enumeration as 
the following example shows: 

Parameters for IndivIdual Bands 

Clause no Rank1l1g clause 
13,4/ PlB/ I The first parameter that was used to characterize a 

chromatogram is the column that elutes from the 
column between the injection of the sample and the 
maximum of the first peak that elutes. 

13AIPIB/2 As noted above, this volume is called the hold-up 
volume. 

Clause I in this sub-section has the clause number [13,41 PIBIl], in 
which PIB refers to the IItle 'Parameters for Individual Bands'. The 
enumeration method illustrated above was found to be extremely useful 
and was consistently used to label all numbered sequences of clauses across 
the eight texts analysed. 
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Table 1.4 Display of running verbal text as orthographic units (section 
13 I from TextAI ) 

Chromatography is the science and art of separating the components of 
matenals from each other 

Such separations are achieved using a wide variety of techniques, and 
the molecular differences upon which the separations are based are 
quite diverse. 

For example, molecules can be separated by their differences in mol ecular 
charge, molecular Size, molecular mass, bond polarities, redox potential, 
IOnization constants, and arrangements of bonds such as isomer structure 
or chirality 

Not generally included in chromatography are separations that use electnc 
fields to drive charged molecules so that they separate. 
These other methods fall under the class called electroseparation or 
electromigration and electrophoresis. 

You will find them described In Study 14. 

A quote from Michael Tswett, the originator of contemporary 
chromatography, will be used to introduce the concept of chromatography. 
In thiS quote, he uses the word adsorbent. 

This IS a solid matenal to which molecules bind on the surface . 
A chromatographic column is illustrated In Figure 13 I 
I n  thiS case, it IS a tube packed with adsorbent through which flows a 
liquid which IS called eluent. 

The analyte is placed at the top of the column and washed through with 
the liquid eluent. 

The compounds are said to be eluted. They are carned through tile 
packed column by the flowing liquid. 

I n  this example, the eluent IS petroleum ether, which IS a low boiling 
point, organi c solvent. 

Tswetl's column was a verti cal tube open at the top with the eluent 
driven under its own weight through the adsorbent. 

Tswett used hiS eyes as a detector since the compounds he separated 
were coloured, and he could detect the bands or zones of differen t 
materials by their colors. 

As the compounds separated, there were bands of color on his column 
from the numerous components in the sample. 
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This experiment showed that chlorophyll is only one of many pigments 
found m plant leaves. 

Tswett's smlple column has evolved into the contemporary equipment 
illustratcd in Figure 13. 2. 

At this stage of the analysis, it can be seen that the text extract has 19 
manually numbered orthographIc uOlts, as shown m Table 1. 5 below The 
next stage is the identification of the unit of analysis of the clause complex 
which IS the rankmg clause' 

Stage 2 Idelltification of Ullit of analysis: the divisioll of orthographic 

units i17lo ranking clauses 

The unit of analysIs in thiS study is the clause complex, therefore the 
orthographic umts as shown m Table 1.4 above are divided mto rallking 
clauses (after Halliday & Matthiessen, 2004.323). Ranking clauses are 
clauses which have units functioning according to their rank as opposed to 
rankshlfted' or embedded ones. A clause complex analysis IS carried out to 
distinguish between clauses forming complexes from those that do not. 
Table 1.5 displays the text as a numbered sequence of rankmg clauses wllh 
each clause in a clause complex relatIon with another given a new ranking 
Ime. All onstances of embedded clauses are typed in parentheses whether 
they occur in simplexes or complexes or in clauses mitlatlng the complex or 
contmumg the complex' As mentioned before, termmology whIch appear 
in bold on the origonal text are retained. 

Table 1.5 Display of text as a numbered sequence of simplexes and rankmg 
clauses 

Clause no Ranking clause 
13 III Chromatography is  the science and art of separating the 

components of materIals from each other. 
13 1/2 Such separations are achieved [[using a wide vanety of 

techniques]], 
and the molecular differences [[upon which the separations 
are based]] are qUite d,verse. 

13 1/3 I For example, molecules can be separated by their dlllerences 
in molecular charge, molecular size, molecular mass, bond 
polarities, redox potential, ionization constants, and 
arrangements of bonds such as isomer structure or chiraltty 
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1 3  1 /4 Not generally included in chromatography are separations [[that 
use electric fields [[to drive charged molecules rr so that they 
separate]] ]] ]] . 

13 115 These other methods fal l under the class called 
electrosepa ra tion or electro migration and 
electrophoresis. 

1 3  1/ 6 You will find them [[described in Study 14]J. 
1 3  11 7 A quote from Michael Tswett, the orig inator of contemporary 

chromatography, will be used to introduce the concept of 
chromatography 

1 3 .1 1 8  In this quote, he uses the word adsorbent. 
1 3  1/9 TIllS IS a solid material rrto which molecules bind on the 

surface]] 
13 1/ 10 A chromatographic column is illustrated in Figure 13 I 

1 3 .1 1 11 In this case, It is a tube packed with adsorbent [[through which 
Aows a liquid which is called eluent]] 

13 1 1 12 The analyte is placed at the top of the column 
and [0] washed through with the liquid eluent. 

1 3 .1/1 3 The compounds are said to be eluted: 
They are carried through the packed column by the Aowing 
liquid. 

1 3  1/1 4 In thiS example, the eluent is petroleum ether, 
which IS a low bOlitng point, organic solvent. 

13 1115 Tswett's column was a vertical tube open at the top with the 
eluent [[driven under ItS own weight through the adsorbent]] 

1 3  1/1 6 Tswett used his eyes as a detector 
sll1ce the compounds [[he separated]] were coloured, 
and he could detect the bands or zones of different materials 
by their colors. 

1 3  1/1 7 As the compounds separated, 
there were bands of color on his column from the numerous 
components in the sample. 

1 3  1/1 8 ThiS experiment showed [[that chlorophyll is only one of many 
pigments rrfound in plant leavesllll 

13 1/19 Tswett's Simple column has evolved into the contemporary 
equipment [[illustrated in Figure 1 3 .2.]] 

Table I 5 shows that there are 6 clauses which fonn clause complexe 
which ca� ure the dependency or II1terdependency relationships betwee 
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adjacent clauses whose two options are parataxis and hypotaxis. They are 
[13 1 /2),[13 1 /12),[13 1113 ),[13 .1/4),[13 .1 /16)and[13 1 /17) 

Stage 3 Idelltificatioll of depelldellcy alld ilrterdepelldellcy relatiolls 

ill clause lIexuses 

In Stage 3 , each clause nexus, was analysed for the kind of dependency or 
Interdependency relatIOnships between their adjacent clauses whose two 
optIOns are parataxis (clauses of equal status) and hypo/axis (clauses of 
unequal status) The Greek letters of a, � or yare used to relate clauses 
which are in a hypo/actic or a dependent relationship with each other. 

Clauses whIch are in apara/actic relationship or which are of equal status 
are given numerals, I, 2, A clause boundary is recognIzed whenever 
possible, thus allowing a clause complex relationship to be coded m terms 
of parataxis or liypotaxis as shown in Table 1 .6 below' 

Table 1.6 Display of text as a numbered sequence of ranking clauses 
dIstmguished for dependency and Interdependency relations 

Clause Taxis Ranking clause 
no 
13 III  Chromatography is the science and art of 

separating the components of matenals from each 
other. 

13 1 /2 I Such separations are achieved [[usmg a wide 
variety of technIques)), 

2 and the molecular differences [[upon which the 
separatIOns are based)) are qUite diverse. 

13 .1 /3 For example, molecules can be separated by their 
differences m molecular charge, molecular size, 
molecular mass, bond polan ties, redox potential, 

Ionization constants, and arrangements of bonds 
such as Isomer structure or chiralIty 

13 1/4 Not generally included in chromatography are 
separations [[that use electric fields [[to dnve 
charged molecules [[ so that they separate llll 

II 
13 .1 / 5 These other methods fall under the class called 

eleclroseparation or electromigration and 
electrophoresis 
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13 1/6 You will find them [[described In Study 141], 
13117 A quote from Michael Tswett, the origInator of 

contemporary chromatography, will be used to 
Introduce the concept of chromatography 

13.1/8 In this quote he uses the word absorbent. 
13.1/9 T his IS a solid material [[to which molecules bind 

on the surface]] 
13.1110 A chromatographic column IS illustrated m Figure 

13.1. 
13 1/11 In this case, it is a tube packed with adsorbent 

[[through which flows a liquid which is called 
eluentll 

13 1112 I The analyte is placed at the top of the column 
2 and [0) washed through with the liquid eluent. 

13 1/13 I The compounds are said to be eluted. 
2 They are carned through the packed column by 

the flowmg lIqUId. 
13 1114 a In this example, the eluent IS petroleum ether, 

� which IS a low boiling point, orgamc solvent. 
13 1/15 Tswett's column was a vertical tube open at the 

top with the eluent [[ dnven under its own weight 
through the adsorbent)l 

131/16 I a Tswett used his eyes as a detector 

� since the compounds [[he separated) )  were 
coloured, 

2 and he could detect the bands or zones of different 
materIals by their colors. 

13.1/17 � As the compounds separated, 
a there were bands of color on his column from the 

numerous components In the sample. 
13 1/ 18 This experiment showed [[that chlorophyll is only 

one of many pigments [[found In plant leaves]] 1 )  
13 1119 Tswett's simple column has evolved into the 

contemporary equipment [[illustrated in Figure 
13.2.]] 

Table I 6 above shows that there are 4 para tactic clauses and 3 hypo tactic 
ones. Further analysis is earned out in stage 4 
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Stage 4ldentijication o/principal markers o/taxis alld logico-semalltic 

relatiolls 

Traditional notating conventions in systemic theory are used for the 
Idenllficatlon of the principal markers of taxis' and the broad categories of 
logico-seman1ic relations' Numerals are used to show clauses which are 
co-ordinated or 10 apposition. The' sign refers to elaboration, the' sign, to 
extension, the' sign, to enhancement and the' sign to projected idea 

For the analysIs of more delicate categories of taxis and logico­
semantic relatIOns, 57 codmg categones and their respective notations were 
remodelled after HallIday & MatthJessen 's (2004) categorizatIOn of clause 
complex 109 resources m EnglIsh. Due to space constramts they are not 
shown in the current study but are shown in the larger study (See Sriniwass 
2006a.) 

Table I 7 below displays the same text as a sequence of numbered 
clauses showmg both the syntactic structures as well as the kind of logico­
semantic rei allons formed. Clauses fonnmg straightforward complexes may 
be distingUished from those formmg longer and structurally more complex 
ones through the IdentificatIon of the logical structure of the nexus. The 
columns on the left show the structural delicacy of the clauses whether the 
clause complex is made up of only one complex or there are any sub­
complexes made. The tirst row of any clause nexus is for the imtiating 
clause 10 a paratactic relatIOn and for the dommant clause 1I1 a hypotactic 
relation. Any additional row indicates a new logico-semantic relation 
whether It is the same type of relation as the previous one or dIfferent. The 
more rows there are, the more the number of logico-semantic relations. 
The table also includes coillmns on the right hand side. The four columns 
on the right hand side show the kind of logico-semantic relation made In 
both the system for expanding a clause (elahoration, extension and 
enhancemen1) as well as for projecting a clause (mental and verbal 
projection). The analysis of clauses for /axis and logico-semantic relations 
together contribute to the logical representations of univanate8 structures. 
For example, the systemic selectIon and structural realization of clause 
13112 may be represented as I" +2. The equation is read as Clause I is in 
a parataclic extension relation with Clause 2 
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Table 1.7 Display ortext as a numbered sequence of taxis and logico-semantic 
relations 

Clause Taxis 
no 

t3.1/1 

13 t/2 I 

+2 

13.1/3 

13.1/4 

13.1/5 

13.1/6 

Ranking 
clause 

Chromato-graphy is 

the science and art of 
separating the compo-
nents of materials 
frol11 each other. 
Such separations are 
achieved [[using a wid 
variety of technioues 1 
and the molecular 
differences ([upon 
which the separations 
are based]] are quite 
d·ve"'e. 
For example, molecule 

can be separated by 
their differences in 
molecular charge, 
molecular size, 
molecular mass, bond 
polarities, redox 
pOlential, ionization 
constants, and 

arrangements orbond 

Elaboration 

such as isomer structu e 
or chiralitv, 
Not generally include( 
in chromatography an 
separations [[that use 
electric fields [[to driv 
charged molecules 
[[ so that they 
seDarate 11 11

'
11. 

These other methods 
fall under the class 
called elec'ro-separa 
lion or electro-migra 
lion and electro-
phoresis. 
You will find them 
[[described in Study 

14]]. 

EXlension Enbancement 

ext/para! 
add! 
positive 
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13.1/7 

13.1/8 

13.1/9 

13 I 10 

13.1111 

131112 I 

+2 

13 1/13 I 

-2 

13 1/14 ex 

0'0 

13.1115 

13.1116 I (l 

xp 

A quote from Michael 
TsweU, the originator 
of contemporary 
chromato-graphy, will 
be used to introdu<.:e 

the concept of 
chromato-graphy. 
In this quote, he uses 
the word adsorbent. 
This is a solid materia 
([to which molecules 
bind on the surfacell. 
A chroma to-graphic 

column is illustrated 
in Figure 13.1. 

In this case, it is a tub 
packed with adsorben 
[[through which flow. 
a liquid which is calle 
eluenill. 
The analyLe is placed t 
the top of the calum 

and [0] washed 
through with the liqui 
eluent. 

The compounds arc 
said to be eluted: 
They are carried throu h cla/para/ 
the packed column by 
the flowing liquid. 
In this example. the 
eluent is petroleum etl er, 
which �a low boiling 
point, organic solvent 
Tswctt's column was 
vertical tube open at t c 
top with the eluent 
[[driven under its ow 
weight through the 
adsorhentll. 
Tswett used his eyes 5 
a detector 
since the compounds 
[(he separaled]] 
were coloured, 

exp/appo 

ela/hypl 

NDRCI fi 

ext/paral 
add! 

positi\'c 
«Ilip,cd 

,ubi) 

cnh/hyp/caus-

cond/causel 
reason/fin 
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+2 and he could detect ext/para! 
the bands or zones of add! 
different materials by posilive 
their colors. 

13.1117 xp As the compounds enh/hypl 
separated, temp/same 

lime/extentl 
fin 

a there were bands of 
color on his column 
from the numerous 
components in the 
sample. 

13 1118 This experiment show d 
[[Ihat chlorophyll is 

only onc of many 
pigments [[found in 

i plant leave�J] J] 
13 1119 Tswett's simple calum r 

has evolved into the 
contemporary 
equipment [[illustrate 

in Figure 13.2.]] 

Legend: 
ext/paraladd!posttive: Para tactic extension addition positive type relation 
ext/paraladd! posillve(eilipsed subj) : Paratacllc extension addition positive 
type relation with eilipsed subject 
elalparalexp/appo Paratacllc elaboration exposition of the appositive 
type rel ation 
elalhyp/ NDRC/ fin. Hypotactic elaboration of the fintte Non-defining 
relative clause type relalIon 
enhlhyp/caus-cond!causeireasonlfin. Hypotactic enhancement of the 

fintte causal-conditional reason type relation 
enhihyp/temp/same time/extent/ fin. Hypotactlc enhancement of the fintte 
temporal same time extent type relation 

In the current study, 111 order to highlight the nature of complexmg 
relation, finites and predicators' are underlined and the expl icit logical 
connectors" are in bold. For example, m clause [ 13 1 /2] ,  the grammatical 
marker signalmg a paratactic relation IS the conjunctioll 'and' and the 

finite IS 'are' As mentioned before, all instances of embedded clauses are 
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placed In double square brackets, for example, '[[using a wide variety of 
techniques]] . in clause [13 1/2). All mstances of elhpsis" are noted by the 
symbol, 0, for example clause [13 1112) 

IlJterpretatioll of taxis 

The analysis of clause complexes presented in Table 1 7 above shows that 
the text extract has a mixture of parataxis and hypo/axis relations. ThiS 
shows that chemistry texts contam both types of Interdependency relation 
between clauses porataxis and hypo taxis which alternate across the text 
span. Clause nexuses may contain more than one type of taxis or logico­
semall/ic relation or both. 

Stage 2 already analysed the extract as having 19 clauses with 6 
rankmg clauses and Stage 3 already analysed the text as having 4 paratactic 
clauses and 3 hypotactic ones. Stage 4 Identified the principal markers and 
logico-semantic relations. Further mterpretatlOns are as follows. 

The text extract IS examliled for Its systemic selections and structural 
realizatIOns. FollowlIlg Eggins (2004:285), the structural realizatIOn of the 
clause nexuses may be described m terms of "parts per structure" It was 
found that clauses [131/2), [131/12], [13 1/13], [13 1114) and [13 1/17) 

have one part per structure each. Clauses [13 1/2) , [13 1112), [13 1113) 
make slllgie paralac/ic lmks while clauses [131/14] and [13 1117] make 
smgle hy potactic links. Only clause [13.1/16 ) has two parts per structure. 
Clause [13.1I16)ls a multi clause complex made up of a primary paratactic 
relanon 111 which the mitlatll1g clause makes a sub-complex of a hypo tactic 
relatIOn. 

Interpretation of logico-semantic relatiolts 

Logico-semantic relations are found 111 Single relatIOns as well as In sub­
complexes. Clauses [131/2] and [13 1/12] areparataclic additiveposilive 
clauses marked by the conjunction 'and', clause [131/13) is a para/actic 
elaboration clause Signalled by a colon, [13 1/14) is a]inite hypotactic 
NDRC elahorating clause marked by the relative pronoun 'which', and 
[13 1117) is a ]inite hypotactic temporal same time enhancing clause in 
themahc beta pOSition, marked by the conjunction 'as' All these clauses 
foml sll1gle relatIOnships except for clause [13 1/16], which IS an example 
of a multi clause complex as noted above. 

Clauses [13 1/16] has a paratactic additive clause 111 the pnmary 
structure, marked by the conjunction 'and' and a hypotactic causal­
conditional reason clause marked by the conjunction 'since' in the sub-
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complex of the lI1itlating clause. To elaborate, the primary semantIc 
relationshIp IS a paratactic extension between 'Tswetl used his eyes as a 
detector ' and 'and he could detect the bands or zones of different 
materials by their colors. ' The secondary relationship is between the mam 
clause, 'Ts wett used his ey es as a detector ' forming a hypotactic 
enhancing sub-complex wIth 'since the compounds [[he separated}l were 
coloured. ' The logIcal structure may be represented as follows. I (a A xPl 
A +2 

ThIS equatIOn IS read as Clause 1 is in a relation of para lactic 
extens ion wilh Clause 2 and Clause 1 is also expanded hypotoclically 
through a relalion of enhancement 

Stage 5 Counting of parataetie alld hypotaetie links for various 

logico-semulltic relatiolls 

The instances for each codJl1g catcgory are shown In APPENDIX B of the 
larger study Paratactic and hypotactie Imks as well as the number of 
occurrences of each type of logico-semantic relation are counted based 
on the tables prOVIded in APPENDIX B of the larger study to see the 
semantIC variation JJ1 all the Lexts analysed. Besides enabling a count of the 
semantIc variation, the tabula Lion of the instances of the occurrences 
faciiltates the researcher to keep track of any errors made and to COITect 
them. Next, the percentage of distribution of the systemIc chOIces of taxis 
and logico-semanlic relations were calculated manually based on a simple 
mathematical calculation principle. 

For example, to calculate the number of paratactie exposition relations 
(elalparalcxp/appo) across all eight texts, the following is done: 

number of occurrcnces of paralact ic  
exposition relations across all eight 
texts 

number of both paratactlc and hypotactic 
elaboration relat ions  i n  a l l  eight  
tex  ts 

x 100 
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= X/ y  X 100 
= 8 6/ 309 X 100 
= 27 . 8 3% 

L ikewise, to calculat e t he tot al num ber o f  elaborations acro ss all eight 
t ext s, t he fo llo wing i s  do ne: 

n um ber  o f  elabo r at io n re lat io ns 
( d r a w n  f ro m  t a b l e  x x x  b e lo w )  

num ber o f  clauses com plexes 
(expansio n  + proJ ect io n ) 

x 1 00 = z % 

= 3091 (elabo rat io n + ext ensIOn + enhancem ent ) x 100 
= 309/ (309 + X + Y ) x 100 
= Z% 

T his sim ple calculat io n principle is used each t im e  a percent age o f  a 
part icular o ccurrence o f  taxis o r  sem ant ic relat io n is so ught .  The fi gures 
used abo ve draw o n  t he t ables from APPENDIX B o f  t he larger st udy 

Stage 6 Idelltificatioll of favoured logogelletic pattems or logical 

structures 

The analysI s o f  clause com plex relat IOns 111 t he t ext ext ract abo ve sho ws 
ho w t he st rat egy fo r fo rm ing clause com plex relat io ns gU ide t he lo cal 
develo pm ent o f  t ext in t he co nst ruct io n o f  kno wledge in chem ist ry W hile 

t he analysis o f  t he int ern al st ruct ure o f  clause nex uses are co nfined to t heir 
o wn II1t ern al o rgamzat lo n, analysis o f  clause nexuses o ver lo nger st ret ches 
o f  t ext, and t he who le o f  t he t ext s as is do ne i n  t hi s  st udy, po int to wards an 
in dicat io n  o f  t he favo ured !ogogenetic o r  tactic patt erns in t he co nstrual o f  
kno wledge m chem ist ry 

The findmgs reveal t hat bot h  parataxis and hypotaxis int ersect to 
define t he syst em o f  logico-semantic relat io ns. Tabl e 1. 8 sho ws t he vario us 
kinds o f  relat io ns fo und in t he t ext analysed. The favo ured lactic reso urces 
fo r fOFm mg clause com plex relat io ns I S  t he single relat io n o f  a paratactic 
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comple x  I A +2 (t wo Insta nce s) ,  I A=2 a nd I (aA xJ3 )  A +2. Out of the 6 
re latIOns, four were ma de u p  of these . The si ngle Insta nce of a mu ltl­
clause comple x, a s  In 1 3  1/1 6 ,  IS fore- gr oun de d. 

Table 1 .8 The logica l  stru ctures of clau se comple x re la tions fou nd in 
the te xt e xtra ct a na lyse d 

Clau se s  for min g comple xes fr om the 
tex t ex tra ct (se ction 1 3  I, Te xt A I )  

1 3  1/2 
1 3  I I !  2 
1 3  1/1 3 
1 3  111 4  
1 3  1/1 6  
1 3  1 1 17 

Discussioll alld COllclusioll 

L ogica l 
stru cture 

I A +2 
1"+2 
1"=2 
aA=J3 
I (aA xb) A +2 
xJ3 Aa 

The curre nt stu dy ha s atte mpte d t o  pr ov ide a sys te mic a ccou nt of how 
knowle dge is constru cte d in the genre of ter tia ry che mistry text books . In 
par ticu lar , the stu dy ha s shown t hat t he clau se comple x is an Importan t 

re sour ce for t he construa l of knowle dge .  The curre nt stu dy limits itse lf t o  a 

sin gle su bje ct area , chr oma togra phy dra wn fr om e ight a na lyt ica l  che mist ry 
te xtbook cha pter s u se d  at the u nder gra duate leve l In the Un ivers ity of 
Ma laya . 

It mu st be note d tha t in the n ch tra ditIOn of SFL ,  be ginning wit h 
Ha llt day' s pioneer ing wor k (1 9 61 ) ,  the re sear ch me thodology u se d  here is 
not a se t of pr oce dures nor doe s it follow a ny h ierar chy or pr Ior ity In the 
pr oce dure s for obta in ing lingUistic de scr ipt IOn, rat her t he the ory IS use d 
max ima lly t o  a ccou nt for lingUist ic de scr ipt ion a s  t he e mphas Is is in the 

t heory rather tha n the me thodology . Sta te me nt s  ofthe ory are used t o  eva luate 
lin gu is tiC de SCr Ipt ion. The met hodology u se d  IS a lso consiste nt with a 

heuns tlc- gr oun de d the ory- docu me nt a na ly sis- qua lttatlve a ppr oa ch wh ich 
is denve d fr om the the ory itse lf(Pa tt on, 1 990 , Cres we ll, 1 994  & Ha lliday, 

199 6 ,  B iber e t  a I. ,  199 8 ). In par lt cu lar , a ma nua l, clau se by clau se a na ly sI s  
was carr ie d out . In the curre nt stu dy ,  the me dlatt on of t he ran ge of se ma ntic 
phe nome na IS thr ou gh the re sear cher her se lf ra ther t ha n  thr ou gh any 

Inve nt ory, que sti onnaire or ma ch ine, e . g. a sy ste mi c  par ser or coder 
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Qualitative findings are presented together with quantitatIve data to facilitate 
interpretatIons of the Instances and to gain insight on their extent of use in 
chemIstry. The analysis of data involved the constant comparing of instances 
of one category of clause complexing relatIons with another In an aHempt 
to "saturate" (after Creswell, 1994.156) the category in order to refine the 
patterns that emerge. 

The current study also considers SmclaIr's (1992:6) suggestion that 
whIle "it IS impossible to study patterned data without some theory," it IS 
also important that in the course of "prioritising some patterns" others are 
not obscured. Hence, the current study used 57 coding categories In order 
to obtain a more comprehenSIve pIcture. 

Perhaps HallIday's VIew, though expressed a long time ago, best 
summarizes the kInd of approach just described. "The lingUist makes use of 
all he knows and there is no priOrity of dependence among the various parts 
of the descripllon" (HallIday 1961.250). Nevertheless, this study has 
attempted to outhne the research design in a stepwise fashIOn WhICh reflects 
the vanous dImensions to the analysis. 

In view of the above, computer packages for the analYSIS of clauses 
such as RSTTOOL (markup tool for Rhetorical Structure Theory) or 
computer programmes speCIally deSigned and developed for text analyses 
were not used. The reason is that the strategy of enquIry undertaken in this 
study mvolved analYZing complex grammatical constructions and complex 
aSSOCIatIon patterns, and readymade computer programmes are not designed 
for a thorough clause complex analYSIS as that undertaken In the study 
There were various coding decision to be weighed and conSIdered and 
there were mdeterm1l1acles to be resolved concerning overlapping 
categories. The analytical issue was that the same prinCIpal markers may 
have different semantic realizations. Instances of nested constituents and 
embeddings make natural language mtncate. In order to produce more 
accurate analyses and overcome analytIcal problems, statements of theory 
are contmually assessed and the theoretical categories are further refined 
and developed II1 the course of the research. The pnncipal markers and 
coding categories used in the analysis serve as a guide to conceptuahse the 
logical content of chemIstry However the current study does not discount 
the fact that future research may use a concordance to make straightforward 
lexIcogrammalical patterns more easily available. 

The claims made 111 the current study are open to verification or 
refutation by others working 111 the field of text analysis or 111 other approaches 
towards the study of language. Views which complement or challenge the 
claims made II1 the current study 111 one way or another enrich systemIC 
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se mantic fu nc tIOnal exp lor at io ns IIlIO the study of language with si gl1lfi cant 

theo re tIcal and pe dago gi cal impl i catio ns. 

Notes 

6 

T he lexicogrammatical stratum sees the unity of syntax and lexis, as a single 
unit of linguistic analysis. This is an idea posited by Halliday in 1 966, in his 
paper "Lexls as a Linguistic Level" when he suggested that "lexical patterns" 
be handled "as different in kind, and not merely in delicacy " 
The system of the clause complex in SFL IS handled under the logical function 
of language. Aclause complex is famled when clauses are linked. There arc two 
systems 1I1volved in the formation of clause complexes which are (i) the system 
of taxis which describe the IYpe of interdependency relations between clauses 
l inked into clause complexes: parataxis and hypotaxis and (ii)  the system of 
/ogico-semalllic relations which describe the specific type of meaning relation 
between linked clauses: elaboration. extension and enhancement. 

Halliday says that is a scale of rank in every language which may be represented 
as clause, phrase/group, word and morpheme; however, there may be variation 
111 terms of the work carried out by the unit of rank. In English, clauses are 
structurally linked through a series of clause complexes. A ranking clause is a 
clause that functions in the SlTucture of its own rank as opposed to a rankshifted 
or down ranked clause. 
A rankshlfted or embedded clause is a clause that functions in the structure of 
a rank next below it. For example a clause may function as a group or a group 
may function as a word. 
A technical name to show sequence of clauses linked in parataxIs (clauses of 
equal status Imked) and hypotaxis (clauses of unequal status linked). For 
paratactic clauses, the first clause is always the initiating clause and the second 
clause the continuing clause. However, in a hypotaclic structure, the elements 
are ordered in dependence. The positioning of the dominant clause, alpha (a) 
and dependent clause, beta (b) are fundamentally independent of sequence. 
The system of taxis or interdepcndency between clauses may be of two kinds: 
parataxis or hypotaxis. 
Logico semantic relations refer to the kind of semantic relation made between 
clauses that are l inked: elaboration, extension or expansion. 
In SFL, the clause complex is treated as a uflivarialely structured complex 
rather than as a mullivariately structured unit. Only logico-semantic meanings 
are expressed as part/part structures also known as univariate structures. 
Experiential, interpersonal and textual meanings are expressed as parllwhole 
or multivariate structures. 
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, The finite is the element in clause that has the function of making the proposition 
finite either by reference to time or judgement of the speaker. The predicator is 
realised by a verbal group without a reference to time or judgement. 

1 0 Logical connectors are either hnkers (and, but, or etc.) or binders (which, since, 
ifete.) which are used to connect one or more clauses together to from a clause 
complex. 

1 1 An instance of cohesion in text is achieved through ellipsis when we leave out 
something which can be recoverable from the preceding text. Ellipsis works 
with certain grammatical struchlres; for example. in English the subject in the 
second clause is usually left out when clauses are co-ordinated by Hand" as in 

My mOllier went to lown alld bought me some blue ribbol/s. 
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