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Introduction

This Handbook is for writers of theses and dissertations - it is not a guide on how to write research articles (RAs), i.e., the type of paper which is usually published in refereed academic journals. But RAs can provide useful guidelines for writing T/Ds - they are related genres or styles of writing, and they have the added advantage of being much shorter and therefore easier to describe. 

In addition, much research has been done in the field of applied linguistics on the organizational principles and language of the RA - the results of which will help us to describe it here. In this Chapter of the Handbook we therefore look at the RA as a guide to understanding and writing T/Ds. 

Let us emphasise once again that while RAs and T/Ds are not the same thing, the principles by which the RA is organized and composed can tell us much about writing the T/D.
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In Chapter 4 of this Handbook, we mention other important reasons for studying the RA as a guide to writing the T/D. First, as the most important written form in which new academic knowledge generally appears in the modern world, the RA has enormous influence on all kinds of academic writing - including T/Ds. Second, as a mass-produced, highly public written form, the RA is much more highly standardised and regularised than the T/D; as a result its typical features are much clearer and easier to analyze than those of the T/D.

3.1
The Four Basic Sections of the RA

Most of the research done on RAs has focused on the empirical RA - of the kind used especially by biologists and medical researchers, experimental physicists, quantitative social scientists, certain kinds of engineers, and those from a number of other fields and disciplines. 

Although non-empirical research and research in other empirical fields frequently follows somewhat different norms of organization and presentation, the empirical RA based on research in the biological, physical, and social sciences is still probably the most widely used and influential form.

[image: image3.png]



Engineering RAs are less well-studied than those from the scientific fields listed here, and sometimes differ in interesting ways from them. However, as we pointed out in the Introduction to this Handbook, our main intention in presenting information on the RA is to give students across disciplines a way of comparing RAs and T/Ds written in their own fields to one particular, influential form, rather than to provide a general model for writing RAs or T/Ds.

The empirical RA is often broken down into four parts, or sections: 

· Introduction

· Methods

· Results

· Discussion

These sections may have different names in particular fields, journals, and articles (e.g., Materials and Methods instead of simply Methods), or may sometimes not be named at all (Introductions, for example, are frequently untitled), but they represent a general set of norms for empirical RAs, and other kinds of RAs as well.

Each of the four parts of the RA has a different function:

· Introductions, as their name suggests, introduce the author's research project. They do not usually do so directly, however, but by providing: 

1. a general justification for the topic area or research problem, including a review of literature on past work in this area; 

2. one or more statements showing how and where past work in the area is lacking; 

3. one or more statements on how the research being reported in this paper makes up for this lack, and what the researcher has actually done in the study being reported.

· Methods sections generally describe the ways in which the experiment or research was carried out. They may include detailed information on different materials or research subjects used in the research, and methods by which the research was carried out and data analyzed. 

Occasionally, Methods sections may describe problems the researcher had with these methods. Methods sections often include large numbers of simple past-tense, passive-voice verb constructions in English; for example, "All treatments were administered…"; "Electrical pulses were generated…"; Data analysis was carried out using…"

· Results sections typically report the results of the research. But not only do they report these results, they also attempt to organize them in an easily digestible form - frequently by using visual/graphic representations. Written language is therefore often used in Results sections to introduce, as well as to clarify and support, graphic representations. Frequently, Results sections do more than simply report results, however - these additional functions of Results sections will be discussed below.

· Discussion sections usually do two things: 

1. they interpret and make sense of the results of the research; 

2. they discuss the relevance of these results and their interpretation to other research - often but not always the research reviewed in the Introduction section. 

Researcher-writers thus try to show in their Discussion sections how their work fits into the work of their larger research community. Suggestions for further research also commonly occur in Discussion sections, typically near the end of the section and article.
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Another important part of the RA is the abstract. However, we do not discuss RA abstracts in this Handbook.

[image: image5.png]



[image: image6.png]


Activity 3A
Write a paragraph exploring how the style of organizing RAs described above compares and contrasts with styles of organizing RAs in your own field. Where are the similarities; where are the differences? After you have written your paragraph, compare and discuss what you have written with a partner. 
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If you are not sure how RAs are organized in your own field, then spend some time looking at empirical RAs published in influential journals in your field.
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3.2
The "RA Hourglass": Information Focus and Information Flow 

in the RA
So far we have discussed the different sections of the RA as if they existed to some extent independently of one another. In fact, however, the different sections are closely linked together in terms of the way information is focused in the different sections, and in terms of the way information flows from one section to the next. One very useful way to understand information focus and flow in the RA is the "RA hourglass" - a handy graphic device. Figure 3.1 represents the RA hourglass.
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An hourglass was used traditionally as an approximate measure of the passage of time, based on how long it took for a volume of sand to flow from the top half to the bottom half of the hourglass.
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Figure 3.1
The RA hourglass
As you can see from Figure 3.1, one characteristic of the RA hourglass is that it is wide at both ends, and narrow in the middle. A second characteristic is that the hourglass is open at both ends. Both of these characteristics are important as ways of understanding information focus in the RA. 

The wide versus narrow aspect of the hourglass represents the fact that Introductions (at the wide, top end of the hourglass) and Discussions (at the wide, bottom end of the hourglass) have much broader focuses than Methods and Results, which are in the narrow middle. But what exactly do we mean by "broader focuses" for Introductions and Discussions? 

We mean that Introductions and Discussions have "one foot in, and one foot out" of the research project being reported in the paper. In other words, the purpose of the Introduction is to carry the reader into the inside world of the research project from the outside world of the research community - to introduce the reader to the research project by showing how that project relates to important, larger issues in the field or academic discipline. 

This is also the reason why the top of the hourglass is open: It provides access to the outside world of the field or the discipline.
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Activity 3B

Before reading further, based on what you have just read about the Introduction section and its place in the RA hourglass, write a paragraph speculating on why the Discussion section is placed as it is in the RA hourglass, and compare and discuss the results of what you have written with a partner. Then feel free to read on! 
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In terms of the RA hourglass, the Discussion section is the mirror-opposite of the Introduction section - it opens out onto the wider world of the research community, but at the bottom. The Discussion section is a way of linking the concerns of the particular study being reported in the article back up with the outside world of the field or discipline, by interpreting and discussing the results of this particular research project in terms of larger, research community-wide issues and implications.

We have so far described the RA hourglass as if it was a rather static model concerned primarily with information focus. In fact, the model is dynamic - it represents a process rather than simply a state, and this is probably its greatest strength. We can call this process information flow. 

What we mean by "information flow" is that the hourglass shows how one section of the RA leads into the next one, and how the relative tightness of focus or control of information changes or stays the same in each section. Thus, whilst the Introduction section starts at the wide upper end of the hourglass, it ends at a very narrow point near the middle of the hourglass.

The progressive narrowing of the hourglass here shows that the focus of the Introduction changes gradually from a very wide focus - showing how the world of the author's field or research community relates to the research project being described in her RA - to a much narrower focus, describing the research reported specifically in this RA. 

This is why the Methods and Results sections are both represented at the narrowest point of the hourglass - these two sections are particularly concerned with what was done (Methods) and what was found (Results) in this specific research project. They do not mainly concern the place of the research in the larger world or research community - that is the job of the Introduction and Discussion sections.

The RA hourglass is important in several ways for those preparing to write T/Ds. A first very important aspect of all research writing which the hourglass reveals is that you are not simply "writing up" your own research when you do research writing. In fact, you are also trying to "sell" your research to the outside world of the discipline or research community - to show that it has broader meaning and significance. This may not seem apparent to T/D writers, who are often concentrating wholly on the fact that they are writing primarily to please an audience of three or four: their supervisor and examiners. 

The real truth is often more complex, however - although T/D writers are of course writing to please their advisors and examiners, their advisors and examiners are often reading as representatives of that outside world - as members of the wider research community. They will therefore often have expectations that go beyond those they might hold for your research personally, and one of these expectations is that your work needs to justify itself to the wider world.
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We discuss the issue of "audience" in more detail - and specifically in relation to T/D writing - in Chapter 4.

A second and equally important point that the RA hourglass reveals is that all RA and T/D writing is specifically motivated. Everything that you write in the RA has a specific purpose: a literature review, for example, is not simply or even primarily a catalogue of past work on a particular topic. 
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There are of course forms of academic writing which have as their primary purpose the cataloguing of past work on a particular topic. Annotated bibliographies are one such form.
Rather, it is an important part of a justification of the research being reported in that particular paper - it shows how your work is positioned or embedded in the larger field. This is a problem that T/D writers in particular have - how to design their literature reviews, and for what specific purposes. The RA hourglass provides valuable information in this regard, as well as in a number of other areas.
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Activity 3C

We have now presented a lot of basic information on RA writing, and some information on T/D writing. In order to prepare yourself for the more detailed description that follows, this is a good time to review what you have learned here. Without looking back at the chapter text, try to write a brief summary of what you have learned so far, especially in relation to writing your own T/D. After writing your brief summary, compare it to what we have written above.
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3.3
RA Sections in More Detail: Introductions, Methods, Results, 

Discussion
3.3.1
Introduction Sections

More research has been done on the form and function of the Introduction than other sections of the RA, so a lot is known about it. Basically, many RA introductions can be broken down into a sequence of three units, or moves.
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A "move" here is basically one or more sentences used to accomplish a particular purpose or function in a text.
This sequence has been named the "Create a Research Space" (CARS) model of the RA introduction by the applied linguist John Swales (1990). 

The name of this model gives a good idea of the overall function of Introductions - to build a structure of significance based on your topic or research problem, and then to clear an area within this larger structure where no one else is working and where the researcher's own research can fill the space. The CARS model breaks down this larger function of RA Introductions into three smaller functional steps, or moves.

The three moves of the CARS model for RA Introductions are: 

1. establishing importance or generality; 

2. indicating a lack, or gap; 

3. filling the gap. 

Establishing importance or generality  

Establishing importance or generality represents the first step in justifying one's own research. It is often itself done in two sub-steps: 

(1a)
by making an opening "importance claim" or generalization;

(1b)
by briefly reviewing past literature that is related to the research being reported on in this paper. 

We explain both sub-steps in the following paragraphs.

Introductions often begin with one or more sentences which establish the importance or generality of the research area - we call these importance claims or generalizations. Linguistically speaking, these sentences most often feature verbs in either the timeless/simple present tense or the present perfect tense. Here are three examples from RAs in different academic disciplines:
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One reason for these tenses being common in such sentences is that they can be used to show that, although the study was completed and carried out in the past, the claims or generalizations being made are still accepted as true by the academic community.

(Example 3.1)

At metal/solution surfaces, the capacity is independent of the electrolyte as long as there is no specific absorption. In contrast, the capacity at the interface between two immiscible solutions depends quite strongly on the nature of the ions (see e.g. [1, 2]).
[Reprinted from Journal of Electroanalytical Chemistry, 483, S. Frank & W. Schmickler, "A lattice-gas model for ion pairing at liquid-liquid interfaces", p. 18, Copyright (2000), with permission from Elsevier Science.]

(Example 3.2)

Since the early 1960s there have been intense efforts to reduce the prevalence of cigarette smoking. 

[Reprinted from Journal of Advanced Nursing, 31, M. Seguire & K. Chalmers, "Late adolescent female smoking.", p. 1422, Copyright (2000), with pending permission from Blackwell Science Ltd.]

(Example 3.3)

There has been a growing interest in father/male involvement in Head Start during the past decade (Levine, 1993). 

[Reprinted from Families in Society: The Journal of Contemporary Human Services, 81, J. Fagan, N. Newash & A. Schloesser, "Female caregivers' perceptions of fathers' and significant adult males' involvement with their Head Start children", p. 186, Copyright (2000), with permission from Family International Inc.] 
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Activity 3D

Look at the three importance claims or generalizations given in Examples 3.1 - 3.3.

1) List words that are used to mark the importance or generality claims they make.
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2) Underline the verbs in each sentence and analyze their forms and tenses.

3) Discuss and compare the results of your analysis with a partner. 

The second sub-step in establishing the importance of the researcher's topic or research problem is a brief review of past research/literature. This is frequently integrated into move 1a - the importance claim/generalization sentences of the RA - usually by using parenthetical/bracketed citations, as in Examples 3.1 and 3.3 above. 

In other cases, the literature review follows the importance claim, in its own set of sentences. The reviews of the literature that follow each of the three importance claims given above are shown here:
(Example 3.4) 
In a recent communication [3], it has been suggested that in some cases this dependence can be explained by the specific interaction of the ions with the solvent: ions with a small energy of transfer between the two solvents tend to penetrate further into the other solvent; therefore the overlap of the space-charge regions at the interface is larger, and the interfacial capacity higher. However, in other cases the capacity is not related to the energy of transfer but to the tendency of ions to form pairs at the interface. Evidence for this effect, which was first discussed by Jahkova et al. [4], was obtained in a paper by Cheng et al. [6], who observed marked changes in the capacity when they varied the composition of the aqueous phase. Further examples were provided by Pereira et al. [5], who also performed explicit calculations for ion pairing based on the lattice-gas model. 

[Reprinted from Journal of Electroanalytical Chemistry, 483, S. Frank & W. Schmickler, "A lattice-gas model for ion pairing at liquid | liquid interfaces", p. 18, Copyright (2000), with permission from Elsevier Science.]

(Example 3.5) 

Yet smoking continues to be one of the most important public health problems of our time (Greaves 1990, Surgeon General's Report 1990, Gritz 1994, Lampkin & Houston 1998). Intervention efforts have had some measure of success with adults but smoking prevalence among adolescents, particularly high school seniors, is on the rise (Chassin et al. 1996, Pierce & Gilpin 1996, Morbidity and Mortality Weekly Report 1998). It is young women who appear to be turning to smoking in the greatest number (Health Canada 1999). Smoking is now the leading killer of Canadian women (Health Canada 1995).
[Reprinted from Journal of Advanced Nursing, 31, M. Seguire & K. Chalmers, "Late adolescent female smoking.", p. 1422, Copyright (2000), with pending permission from Blackwell Science Ltd.]

(Example 3.6) 

Many Head Start programs around the country have started father/male-involvement projects (Fagan & Stevenson, 1995; Filmore, 1998; Levine & Pitt, 1995). One reason for the growing interest in such programs is the increasing body of research that shows a significant relationship between children's outcomes and paternal involvement (e.g., Hart, DeWolf, Wozniak, & Burns, 1992; Kennedy, 1992; Snarey, 1993; Yogman, Kindlon, & Earls, 1995; Youngblade & Belsky, 1992). Another reason is the growing awareness that the vast majority of parent-involvement programs have focused on mothers and their children and ignored fathers (Carter, 1996; Levine, 1993).
[Reprinted from Families in Society: The Journal of Contemporary Human Services, 81, J. Fagan, N. Newash & A. Schloesser, "Female caregivers' perceptions of fathers' and significant adult males' involvement with their Head Start children", p. 186, Copyright (2000), with permission from Families International Inc.]
Characteristic linguistic features of the literature review part of RA Introductions include the use of the present simple, simple past, and present perfect tenses, and the use of two types of citations: integral and non-integral. The following examples demonstrate the difference between integral and non-integral citations:

Integral citations

· Research on article introductions was first undertaken by Swales (1981).

· Pemberton (1) established the clinical relevance of neonatal heart rate monitoring.

· In a series of studies, Bailey and Sternberg (1,2,3,4) have examined typical stress patterns in carbonized steel.

Non-integral citations

· Research on article introductions was first undertaken in the early 1980s (Swales 1981).

· Researchers (1) were able to establish the clinical relevance of neonatal heart rate monitoring.

· Stress patterns in carbonized steel have also been examined (1,2,3,4).
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Activity 3E
1) [image: image26.png]


Write a couple of sentences or a short paragraph explaining the grammatical differences between integral and non-integral citations. 

2) [image: image27.png]


Next, look in several of the main research journals in your field and see what kind of citation they prefer - do they use integral citations or non-integral citations, or some combination of both? 

3) As you are doing this, underline and take a close look at the verb tenses used to review literature in these journals. 

4) Write up your findings in a few sentences. 
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5) Finally, share and compare the results of your analysis with a partner.

One important difference between RA Introduction literature reviews and T/D literature reviews is that the former tend to be quite short, while the latter tend to be much longer. PhD theses, for example, quite commonly devote a full chapter to reviewing the past research literature on the author's topic. Despite this difference, at least one major functional purpose of the research review is substantially the same in both RAs and T/Ds: to establish the relevance of the author's own research, and to embed it in a tradition of related research. 

In other words, no matter whether the author is writing an RA or an MPhil dissertation or a PhD thesis, she is still trying to justify her own research by relating it to the work of others.

Indicating a gap

The second move of the RA Introduction in the CARS model establishes a lack, or gap, in past research, or sometimes extends a current research approach into a new area. This "gap move" is actually the most important of the three moves in the Introduction section of the RA, because it provides a route or "way in" to the research community for the RA's author. 

By showing where a gap exists in past and current work done by the research community, the author "creates a space" for her own research. 

Consider the following three examples:

(Example 3.7)

Although a considerable literature exists on the relationship between infant feeding practices and infant health (Cebu Study Team, 1991; 1992) and a fair amount of work has been done analysing the effect of infant food marketing activities on mothers' feeding choices, very little has been done attempting to trace through the links from marketing to ultimate health outcomes. 

[Reprinted from The Journal of Development Studies, 3,  J. Stewart & D. Guilkey, "Estimating the health impact of industry infant food marketing practices in the Philippines", p. 51, Copyright (2000), with permission from Frank Cass Publishers.]

(Example 3.8)

However, no strong evidence has been available for an evolutionary relationship between class II and the others, and hence for a unified three-dimensional structure for RNRs. 

[Reprinted from Science, 283, D. Logan, J. Andersson, B. Sjoberg & P. Nordlund, "A glycyl radical site in the crystal structure of a class III ribonucleotide reductase", p. 1499, Copyright (1999), with permission from American Association for the Advancement of Science.] 

(Example 3.9)

While these studies recognize the importance of collaborative interaction in SLA, their focus on negotiations of L2 input provides an incomplete picture of learners' interaction in an L2 classroom. 
[Reprinted from Modern Language Journal, 83, M. Anton & F. Dicamilla, "Socio-cognitive functions of L1 collaborative interaction in the L2 classroom", p. 233, Copyright (1999), with permission from Blackwell Publishers.]
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Activity 3F
Look at the gap statements in the three examples given above (Examples 3.7 - 3.9). 

1) Make a list of the words that indicate a gap, or problem, in the field or past/current research literature. 

2) Do you see any general pattern or common characteristics among these words? If you do, write a few sentences describing the pattern. 
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Discuss and compare the results of your analysis with a partner. 

As in the three examples given above, gap statements typically include language that is evaluative, and evaluative in a negative way. The words in the above examples that express negative evaluation are "very little," "no strong evidence," and "incomplete." Some of these and other commonly used evaluative words and expressions used in gap statements include the following, from Swales & Feak  (1994, p. 187-189):

Verbs 

(fitting the sentence frame: However, previous research in this field has _________):

disregarded….


neglected to consider…

failed to consider…


overestimated…

ignored…



overlooked…

been limited to…


suffered from…

misinterpreted…


underestimated…
Adjectives:

controversial



questionable

incomplete



unconvincing

inconclusive



unsatisfactory

misguided
Noun phrases:

little information/attention/work/data/research

few studies/investigations/researchers/attempts

no studies/data/calculations

none of these studies/findings/calculations
Other forms:

However,…

it remains unclear…

it would be of interest to…
Filling the gap

The third move of the RA Introduction in the CARS model seeks to fill the gap created in the second move - the gap statement. This move is therefore called the "gap-filling" move, but it might equally well be called the "introduce your own research" move, because here is where the author first gets the opportunity to introduce her own research.

In many fields, this move is expressed in a restricted set of language formulae - consider the following four examples:

(Example 3.10) 

In this paper, we shall consider testing for allelic associations which can be taken to provide evidence for the closeness of the two locales. Some of the tests have the additional advantage of testing for linkage and associations simultaneously. 

[Reprinted from Journal of the Royal Statistical Society Series C, 67, R. Curnow, A. Morris & J. Whittaker, "Locating genes involved in human diseases", p. 64, Copyright (1998), with permission from Blackwell Publishers.]

(Example 3.11)

The present research is focused on the degree of skin pigmentation resemblance during growth among siblings from a sample of Basque individuals from Biscay province; the correlations between siblings and the evolution of such correlations with age are studied. 

[Reprinted from Human Biology, 71, E. Rebato, I. Salces, L. San Martin, J. Rosique, & C. Susanne, "Sibling correlations of skin pigmentation during growth, p. 278, Copyright (1999), with permission from Wayne State University Press.]

(Example 3.12) 

In this work, we study the composition of two organic deposits accumulated in different parts of a pulp mill during the production of TCF Kraft pulp of Eucalyptus globulus wood. 

[Reprinted from Journal of Chromatography A, 874, J. del Rio,  J. Romero & A. Gutierrez, "Analysis of pitch deposits produced in Kraft pulp mills using a totally chlorine free bleaching sequence", p. 235-236, Copyright (2000), with permission from Elsevier Science.]

(Example 3.13) 

In this note, using Punnen's neighbourhoods, we construct certain polynomially searchable "compound" neighborhoods whose neighbourhood graphs have diameter bounded by a small constant. 


A 'note' in this case is a short RA.

[Reprinted from Computers & Operations Research, 26, G. Gutin, A. Yeo, "Small diameter neighbourhood graphs for the traveling salesman problem; at most four moves from tour to tour", p. 322, Copyright (1999), with permission from Elsevier Science.]
One immediately obvious characteristic that occurs in many gap-filling moves is the way the sentence begins - by explicitly mentioning the paper/article/research. A second important characteristic that appears commonly in gap-filling moves - and only rarely in other parts of experimental RAs - is the first-person personal pronoun, either singular (I) or plural (We). A third characteristic of many gap-filling moves in RAs is the use of a restricted set of verbs to introduce the author's research. 

The following list is not complete, but it does represent a number of the most common verbs that occur following personal pronouns or other expressions in gap-filling moves in RAs.

study/ies

describe/s

develop/s

aim/s (to X)

report/s

explore/s

introduce/s

focus/es

present/s

examine/s

show/s

discuss/es

Following the sentence or two which initially introduces the author's own research, gap-filling moves can also include one or more sentences that give further details of the research. Gap-filling moves sometimes even report the results of the research in a brief sentence or two. 


Activity 3G
Read the following three RA Introductions from different fields and divide them into "moves" and "submoves." In some cases, the "move sequence" may be complex, or may not follow the typical order. Once you have completed this exercise, look at a small number of RA Introductions from major journals in your own field, and see if this same sequence of moves also occurs in them. If not, then try to determine whether there is a different kind of "moves" pattern in these articles, and if so describe what it is in a few sentences.

(Example 3.14) 

Psychosocial factors have been reported to be significant predictors of morbidity and mortality in cardiac patients (Nelson et al. 1994, Hoffmann et al. 1995, Lim et al. 1998), and the use of various instruments and health-related quality of life measures to obtain scores for prediction of outcomes is well established. However, little has been reported on the incidence of the feelings and problems experienced by cardiac patients. Knowledge of the incidence of these experiences would indicate general problem areas which might need to be targeted by clinicians and health care professionals.

This study describes the incidence, nature and severity of problems experienced during early recovery by an unselected population of emergency cardiac patients discharged from public hospitals in the 

Hunter Region of Australia, and considers the influence of gender and age on these problems. 

[Reprinted from Journal of Advanced Nursing, 31, T. Dixon, L. Lim, H. Powell & J. Fisher, "Psychosocial experiences of cardiac patients in early recovery: A community-based study", p. 1369, Copyright (2000), with pending permission from Blackwell Science Ltd.] 

(Example 3.15) 

High pressure alters the nature of chemical bonds, electronic and crystal structures, and thermal and mechanical properties of solids. It has been suggested that simple molecular solids may transform into a polymeric phase before they become metals at high pressure (1). Theoretical models and experimental data support this hypothesis, including polymeric forms of N2 (1), CO (2), diamond (3), β-C3N4 (4), and symmetric H2O (5). Furthermore, these pressure-induced changes often occur in systematic ways, providing new routes for designing and synthesizing novel materials with advanced optical and mechanical properties. The structures of the N2 polymer, diamond, and β-C3N4 at high pressures, for example, can be viewed as being similar to the assemblages of heavier elements in each periodic group (P, Si, and β-Si3N4, respectively) at low pressures.
[Reprinted from Science, 283, V. Iota, C. Yoo & H. Cynn, "Quartzlike carbon dioxide: An optically nonlinear extended solid at high pressures and temperature", p. 1510, Copyright (1999), with permission from American Association for the Advancement of Science.]

(Example 3.16) 

Chlorine chemicals are the best established and most widely used bleaching agents in the pulp and paper industry. However, the use of these reagents results in the formation of chlorinated organic compounds, some of them considered priority pollutants [1,2]. In order to produce paper pulp with environmentally sound leaching methods, oxygen, ozone or hydrogen peroxide (totally chlorine free, TCF bleaching) are replacing the chlorinated bleaching chemicals. However, new problems concerning pulp quality and effluent toxicity have arisen with the introduction of TCF process. Some of them are related to compounds consituting the lipophilic fraction from wood extractives, which cause production and environmental problems in the pulp and paper industry. These compounds are difficult to remove in the washing stages and may lead to sticky deposits on process equipment resulting in blockages and causing shutdown of operations. These blockages have long been a serious problem in the pulp and paper industry and are responsible for reduced levels of production, higher equipment maintenance costs, higher operation costs, and an increased incidence of quality defects [3,4]. This problem is likely to aggravate with the actual trend towards reuse of process waters and closure of circuits in order to meet environmental requirements, which will result in higher pitch deposition.

In this work, we study the composition of two organic deposits accumulated in different parts of a pulp mill during the production of TCF Kraft pulp of Eucalyputus globulus wood….  

[Reprinted from Journal of Chromatography A, 874, J. del Rio, J. Romero & A. Gutierrez, "Analysis of pitch deposits produced in Kraft pulp mills using a totally chlorine free bleaching sequence", p.  235-236, Copyright (2000), with permission from Elsevier Science.]


Activity 3H

We have now described a number of the different characteristics of RA Introduction sections. To help you understand and use this information, please write a brief summary of what you have learned from this section, especially as it might provide guidance in helping you to write your T/D. 


3.3.2
Methods Sections

Methods sections describe the way in which the research reported in an RA was carried out. Descriptions of methods are important in all kinds of research, but perhaps they are especially important in fields where research methods are not highly standardized, such as qualitative research in the social sciences. There are also various linguistic differences in RA Methods sections between fields in which methods are not highly standardized and fields in which they are. 

Consider the following two examples:

(Example 3.17) 

5-HT, 5-HIAA, DA, 3,4-dihydroxyphenylacetic acid (DOPAC, a major DA metabolite), NE and 3-methoxy-4-hydroxyphenylglycol were quantified using high-performance liquid chromatography (HPLC) with electrochemical detection. The HPLC system consisted of a solvent-delivery system (CostaMetric II, LDC, USA), an autoinjector (Midas, Spark, Holland), a reverse phase column (4.6mmx100mm, Hichron, C18 3.5μm) kept at 40oC and an ESA 500 Coulochem II EC detector (ESA, Bedford, MA, USA) with two electrodes at oxidising potentials of +320mV and +450mV….

Blood samples were assayed for cortisol, ACTH, a-MSH and N-acetyl-β-endorphin. Cortisol analysis was performed directly on Arctic charr plasma without extraction using a validated radioimmunoassay (RIA) modified from Olsen et al. (1992), as described by Winberg and Lepage (1998). Plasma concentrations of ACTH were determined by RIA, as described by Balm and Pottinger (1993) and Balm et al. (1994). 

[Reprinted from Journal of Experimental Biology, 203, E. Hoglund, P. Balm & A. Winberg, "Skin darkening, a potential social signal in subordinate Artic Charr (Salvelinus Alpinus): The regulatory role of brain monoamines and pro-opiomelanocortin-derived peptides", p. 1713, Copyright (2000), with pending permission from The Company of Biologists Limited.] 

(Example 3.18)

Serbian/English code-switching utterances were used in this analysis for two reasons. First, the morphological and syntactic structures of Serbian and English are significantly different in typology, so that conclusions drawn from the analysis of the code-switching data can provide information about the universal validity of the MLF model of code-switching. Second, the process of structural convergence of Serbian (though contacts with English) was observed in the community discussed here prior to the beginning of this study, through informal personal contacts of the author with members of the community. The process was further attested through the analysis of pilot interviews, and it was concluded that the analysis of Serbian/English code-switching would yield important information about the possible role of code-switching in the process of structural convergence. 

[Reprinted from Language in Society, 24, J. Savic, "Structural convergence and language change: Evidence from Serbian/English code-switching", p. 479, Copyright (1995), with pending permission from Cambridge University Press.]  


Activity 3I
Examine and compare the two examples given above (Examples 3.17 & 3.18). In a few sentences describe the differences you find in the two examples, focusing especially on differences in the language. When you have finished, discuss and compare the results of your analysis with a partner.  


Some of the big differences between these two examples are: 

4. Example 3.17 contains many references to standard methods and instruments, such as "validated radioimmunoassay (RIA) modified from Olsen et al. (1992)", and "an autoinjector (Midas, Spark, Holland)." Example 3.18 contains no such references - the author's field or research area clearly does not rely on standard instruments and methods; 

5. More effort is made in Example 3.18 to link sentences together linguistically. Thus, sentence connectors such as "First," "Second," and "further" are used. Example 3.17, on the other hand, makes few such explicit linguistic connections between sentences, depending more on the parallel grammatical patterning of the sentences themselves. It therefore reads more like a "checklist" than a series of well-connected sentences or ideas. 


The ways sentences are linked together in Methods descriptions are covered in more detail in Chapter 4 of this Handbook.

Despite these major differences in the language of the two examples from Methods sections given above, there are also some important linguistic similarities between these two passages. 

First, the most common verb tense in both examples is the simple past - this is by far the most preferred verb tense in RA Methods sections. 

Second, most of the verbs are also passivized - once again, the passive is the most common verb form in RA Methods sections. Putting these two findings together, we can say that verbs in RA Methods sections are most likely to be expressed using past tense passive verb forms.


Activity 3J

Underline all past tense, passivized verb constructions in the following two methods sections. Compare and discuss your results with a partner.

(Example 3.19)

All sentences were placed into the categories of the modified Brett (1994) model (Appendix B). Finite clauses after a colon or semi-colon were also classified. When changes in text level were detected (see example 2) two categories were assigned whenever possible. For hybrids in which subtypes fell within the same main category, only the main clause (subordination) or only the first clause (co-ordination) was classified. In doubtful cases, classification was based on finite verb category (verbs of change=1.1b) (example 3), or syntax (comparison=1.1a), or the principle element (quantities=1.1d). For cross-category hybrids (examples 4 and 6), finite and non-finite segments were classified. A worked example of the application of the method to a lengthy complex section from E2 is given in Appendix C. Parenthetical pointers and citations were also noted for comparison with the 0.1 and 3.1 categories. 

[Reprinted from English for Specific Purposes, 15, I. Williams, "Results sections of medical research articles: Analysis of rhetorical categories for pedagogical purposes", p. 351, Copyright (1999), with permission from Elsevier Science.]

(Example 3.20)

The GC analyses of the extracts were performed in a Hewlett-Packard HP-5890 (Hewlett-Packard, Hoofddorp, The Netherlands) using a short fused-silica capillary column (DB-5HT; 5 m x 0.25 mm I.D., 0.1 μm film thickness) from J&W Scientific (Folsom, CA, USA). The temperature program started at 100oC with a 1 min hold, and then raised to the final temperature of 350oC at 15oC/min and holding for 3 min. The injector (split-splitless) and flame ionization detector temperatures were set at 300oC and 350oC, respectively. The carrier gas was helium and the injection was performed in splitless mode. 

[Reprinted from Journal of Chromatography, 874, J. del Rio, J. Romero & A. Gutierrez, "Analysis of pitch deposits produced in Kraft pulp mills using a totally chlorine free bleaching sequence", p. 236, Copyright (2000), with permission from Elsevier Science.] 

These linguistic features are described further in Chapter 4, where T/D Methods chapters are explicitly discussed. For now, however, it is enough simply to be aware that such features exist and play important roles in all written descriptions 

of research methods, both RAs and T/Ds. It should also be pointed out that, like literature reviews, methods descriptions tend to be placed in their own separate chapters in T/Ds, and research methods are consequently described in more detail in T/Ds. This is probably the main difference between RA and T/D methods descriptions.

3.3.3
Results Sections

There is a lot of variation in RA Results sections in different fields, and often even in the same field. As you might imagine, the form which a Results section takes depends substantially on the nature of the methods used to collect and analyze data. We will therefore give only a general description here. 

Based on their own research, applied linguists have found that RA Results sections often include more than simply results. To some degree they tend also to report methods at their beginning, and to contain discussion and interpretation of the results at their ends. In other words, RA Results sections tend to contain (typically) small amounts of information that would more logically go in the preceding Methods or following Discussion sections.

One useful model of RA Results sections includes the following categories (Williams, 1999, modified):

· Preparatory
Preparatory information includes: 

1. methods descriptions not included in the Methods section itself, as mentioned above. Rather than simply continuing to detail methods, however, such descriptions often also attempt to justify them; 

2. pointer statements, which direct the reader to tables or figures in which results are reported; 

3. advance organizers, which indicate how the information in the Results section will be organized. 

Although this last kind of information may be unusual in RAs, we mention it here because it is a very common and necessary part of T/D Results chapters. 

Here are examples of each of these three kinds of preparatory information (note that in Example 3.21 the actual justification of methods is italicized):

(Example 3.21)

Beer or ale yeast was washed with tap water by sedimentation at 3oC, pressed, and dried at 23oC. An autolysate was prepared by suspending the dry yeast in 3 volumes of a liquid medium at 38oC. With water, only traces of enzyme activity were obtained….This prolonged and extensive autolysis increased the specific activity of the enzyme preparation approximately 10-fold with relatively little sacrifice in yield. 

["Reversible enzymatic synthesis of diphosphopyridine nucleotide and inorganic pyrophosphate", Journal of Biological Chemistry, 265, p. 783, cited in D. Thompson's "Arguing for experimental "facts" in science: A study of research article results sections in biochemistry", Written Communication, 10, p. 113-114, Copyright (1993) Sage Periodical Press, pending permission to reprint]

(Example 3.22)

Figure 11 shows the simulated results obtained by the EPVA for the case of a healthy motor….The spectrum obtained by the EPVA, for the case of one broken rotor bar, clearly shows the existence of a spectral component at a frequency of 2sf1 (Fig. 12). 
[Reprinted from Electric Machines and Power Systems, 28, S. Cruz & A. Cardoso, "Rotor cage fault diagnosis in three-phase induction motors by extended Park's vector approach", p. 296, copyright (2000), with pending permission from Taylor and Francis.]

(Example 3.33)

In what follows, we will illustrate how the use of L1 mediates the activity of learners when they are engaged in accessing L2 linguistic forms, making sense of the form or meaning of a text and evaluating a text in L2. 

[Reprinted from Modern Language Journal, 83, M. Anton & F. Dicamilla, "Socio-cognitive functions of L1 collaborative interaction in the L2 classroom", p. 233, Copyright (1999), with permission from Blackwell Publishers.]

· Presentational
This is the subsection of the RA Results section which reports the actual findings of the research project. Although there are a number of different ways in which this function is accomplished, we will concentrate only on the most important reporting form here. This is what Williams (1999) called the Statement of Results (SOR). Depending especially on the kind of data collected and analyzed in the study, SORs can be reported in the following ways: 

1. by comparing or relating findings for multiple subjects, conditions, or variables; 

2. by reporting change over time; 

3. by presenting numerical data which are or are not also presented in tables or graphs. 

Because these different approaches are discussed in more detail in Chapter 4 of the Handbook, we will not describe them further here, but the following are examples of each type:

(Example 3.34)

Fig. 3 shows cyclic voltammograms obtained for four arenediazonium ions, Fast Blue RR (1), Fast Red AL (2), Fast Red PDC (3), and Fast Yellow GC (4) at v = 500 mV s-1. The difference in the ion transfer potentials of several arenediazonium ions reflects the difference in their lipophilicity. 

[Reprinted from Journal of Electroanalytical Chemistry, 483, Y. Kong & T. Kakiuchi, "Electrochemical determination of the lipophilicity scale of arenediazonium ions based on the ion transfer across the liquid-liquid interface", p. 24, Copyright (2000), with pending permission from Elsevier Science.]

(Example 3.35)

Our data show that between about 10,000 and 4,800 C yr B.P. the lake did not dry, and therefore the water table was always above the basin floor. Since 4800 C yr B.P., the water table has been below the surface. Because of deposition in the basin, the elevation of the present-day water table at 2.4 m below the surface can be identical to the elevation of its levels during the low stands of the early Holocene lake. The early Holocene monsoon rains were not able to maintain a stable lake in this area for more than a few decades at a time… 

[Reprinted from Science, 284, Y. Enzel, E. Ely, S. Mishra, R. Ramesh, R. Amit, B. Lazar, S. Rajaguru, V. Baker & A. Sandler, "High-resolution Holocene environmental changes in the Thar Desert, Northwestern India", p. 125, Copyright (1999), with permission from American Association for the Advancement of Science.]  

(Example 3.36)

Chi-square analyses were conducted to examine whether having a second significant male figure was related to the ethnic background of the family, geographical location of the Head Start program and child gender (these results are not summarized in a table). These analyses indicated nonsignificant relationships between having a second significant male figure and ethnicity, X2 (2)= 1.73; geographical location of the Head Start program, X2 (2)= 2.23; and child gender, X2 (1)= 1.42. 

[Reprinted from Families in Society: The Journal of Contemporary Human Services, Mar, J. Fagan, N. Newash, A. Schloesser, "Female caregivers' expectations of fathers' and significant adult males' involvement with their Head Start children," Families in Society, p. 193, Copyright (2000), with permission from Families International Inc.]

Past tenses are obviously an important linguistic means by which findings are reported in RA Results sections. Passivized verb forms and inanimate clause subjects also appear commonly, although passives are typically less common here than in Methods sections.

· Commentary
The final part of the RA Results section to be described here focuses on making brief evaluative comments on the findings reported. Strictly speaking, evaluation and interpretation are the specialized textual functions of RA Discussion sections, but in fact they very commonly occur in Results sections as well, although usually only briefly. Like the other functions or parts of the Results section described above, they normally occur alongside the other functions, rather than following them. Here are two examples of RA Results sections which contain commentary statements (the commentary statements are italicized in Example 3.37):
(Example 3.37)

The values of d13C of organic carbon (14) in the lake show two dramatic shifts during the Holocene (Fig. 3A). d13Corg decreased from -14 per mil to -20 per mil around 630014C yr B.P. and returned abruptly at about 5500 to 5000 14C yr B.P. (Fig. 3A). The sudden drop could reflect an abrupt increase in the relative abundance of C3 versus C4 vegetation transported into the lake during a period of increased precipitation. Such an explanation, however, implies an extremely rapid change in the regional environmental conditions of the Thar desert. 

[Reprinted from Science, 284, Y. Enzel, E. Ely, S. Mishra, R. Ramesh, R. Amit, B. Lazar, S. Rajaguru, V. Baker & A. Sandler, "High-resolution Holocene environmental changes in the Thar Desert, Northwestern India", p. 126, Copyright (1999), with permission from American Association for the Advancement of Science.]

(Example 3.38)

Therefore the capacity-charge characteristics in Fig. 4 show the strong rise at positive potential which is indicative of ion pairing (6).

The results of our simulations agree qualitatively well with those obtained by Pereira et al (5), who treated the same model in the quasi-chemical approximation. However, in their work ion pairing seems to be set at lower values of the ion-ion interaction constant - v. Perhaps that approximation, which accounts for pairing effects particularly well, overestimates interfacial ion-pair formation a little. 

[Reprinted from Journal of Electroanalytical Chemistry, 483, S. Frank & W. Schmickler, "A lattice-gas model for ion pairing at liquid | liquid interfaces", p. 20, Copyright (2000), with permission from Elsevier Science.]

Again, RA Results sections are similar to T/D Results chapters in various ways. Certainly, the language used to report results in both kinds of writing are highly similar. At the same time, T/D Results chapters normally report many more results, include many more figures and tables, and mostly include more methods and discussion-type information as well.

3.3.4
Discussion Sections

Like RA Results sections, RA Discussion sections differ substantially based on the types of data collected and how they have been analyzed. Despite this variety of possible approaches to organizing Discussion sections, however, we can describe certain general principles.

As we noted above, discussion and interpretation of results in RAs frequently begins in Results sections. The main location of discussion and interpretation, however, is of course the Discussion section, and the larger function of such discussion and interpretation is to link the specific research findings back up to research questions and research problems that are relevant to the outside research community/world.

We described this purpose of RA Discussion sections in more detail above, in Section 3.2 "The "RA Hourglass: Information Focus and Information Flow in the RA."

Different types of information, or moves, that occur in the RA Discussion section can be divided into two types: those that tend to occur earlier in the Discussion section, and those that occur later (Weissberg & Buker, 1990). 

Once again, the most important differences in these types of information relate to their placement on the widening bottom half of the RA hourglass - whether they are more or less focused on discussing the results reported in this particular research project, or, alternatively, whether they are focused on relating these results to larger concerns in the outside world or research community.

According to Weissberg and Buker (1990), types of information that tend to occur early in Discussion sections are: 

1. a brief summary statement regarding the overall purpose of the study or restating research questions to be answered in the study; 

2. a brief review of the major findings; 

3. interpretations and explanations of findings;

4. possible limitations in the data or the way the data were collected - limitations that prevent the finding’s straightforward generalizability. 

However, these different types of information do not necessarily occur in the order in which they have been given here, nor do they necessarily all have to occur in the same RA.


Activity 3K
Examine the following two partial Discussion sections and try to label the different sentences according to the categories (numbered 1-4) listed above. Be aware, however, that some of the sentences may not fit comfortably into any of the four categories. If this is the case, then mark this sentence with "O" (for "Other"). After you have finished your analysis, compare and discuss your results with those of your partner.

(Example 3.39)

In this study we have extended our previous investigations into the capacity of liquid-liquid interfaces to the case of interfacial ion pairing. When the interface is polarized, such that the pairing ions are enriched at the interface, the overlap of the space-charge regions, and hence the interfacial capacity, are enhanced significantly. An overshoot of the potential was not observed; this indicates that ion pairing and specific adsorption are different processes. 

[Reprinted from Journal of Electroanalytical Chemistry, 483, S. Frank & W. Schmickler, "A lattice-gas model for ion pairing at liquid | liquid interfaces", p. 20-21, Copyright (2000), with permission from Elsevier Science.] 

(Example 3.40)

One way to gain insight into the pursuit of scientific writing is to analyse the textual product. In this study, Results sections in experimental biochemistry articles were examined because textual scholarship on this section is quite meager….Two basic questions motivated the research: What is the contextual nature of Results sections, and more specifically, is the presentation of experimental data as dry and factual as style guides prescribe? My research demonstrates that scientists…do not present results in only an expository, factual manner; they also employ a variety of rhetorical moves to argue for the validity of scientific facts and knowledge claims…Of course, the results of this limited textual study do not necessarily account for the suasive strategies being used by scientists in other disciplines… 
[Reprinted from Written Communication, 10, D. Thompson, “Arguing for experimental “facts” in science: A study of research article results sections in biochemistry”, p. 125, Copyright (1993), with pending permission from Sage Periodical Press.]
Later information types in Discussion sections, as identified by Weissberg and Buker (1990), include the following: 

1. general implications of the study - how what was found fits into the “wider world” of research; 

2. recommendations for future research and/or practical applications of what was found.

Activity 3L

Examine the following two RA article endings, which follow the two partial Discussion sections given in Activity 3K. Then try to put the different sentences into the two categories listed above for “later information” elements. If a sentence does not fit into one of the two categories then label it "O". After you have finished your analysis, compare and discuss your results with those of your partner. 

(Example 3.41)

Our results agree quantitatively with experimental data, and also with a previous treatment of the same model based on the quasi-chemical approximation. This shows, we believe, that the lattice-gas model is well suited to the investigation of the space-charge regions at liquid-liquid interfaces.
[Reprinted from Journal of Electroanalytical Chemistry, 483, S. Frank & W. Schmickler, "A lattice-gas model for ion pairing at liquid | liquid interfaces", p. 20-21, Copyright (2000), with permission from Elsevier Science.]

(Example 3.42)

Only further research can determine the applicability of this study’s findings to scientific disciplines outside biochemistry. In addition, more case studies and theoretical work are needed to elucidate the curious disparity between the conventional lore of “simple” factual reporting as presented in prescriptive style manuals and the rhetorical practices of scientist/writers. Only then can we fully understand the various dimensions to the scientist’s role as writer.
[Reprinted from Written Communication, 10, D. Thompson, “Arguing for experimental “facts” in science: A study of research article results sections in biochemistry”, p. 125, Copyright (1993), with pending permission from Sage Periodical Press.]

There are also a number of linguistic features that are common in RA Discussion sections. One of these is modal verbs (e.g. can, could, may, might) and other linguistic means of expressing lack of certainty, e.g. expressions such as It appears/It is possible/It is probable/It is likely that - such expressions are appropriate for discussing and interpreting data, which is by its nature a speculative endeavour. Common verb tenses and other linguistic features of RA Discussion sections are introduced in Chapter 4 of this Handbook, where T/D Discussion chapters are described. 

Once again, we should point out that T/D Discussion chapters and RA Discussion sections often differ from each other in terms of size and amount of detail. In some fields, however, T/D Discussion chapters are relatively short and unelaborated, so the difference between RA and T/D Discussions may not be as great as they are for Introductions, Results, and Methods.

Conclusion

In this Chapter, we have discussed the RA as a form of academic writing which has much to tell us about the T/D. We began by explaining the organizational structure of the RA as an "hourglass." More important than simply explaining the organizational structure of the RA, however, the RA hourglass shows us how the different sections of the RA dynamically relate to one another. Introduction and Discussion sections function to relate the research being reported to the author's research community or "outside world," as well as leading us into and then out of the world of the author's own research project. RA Methods and Results sections, on the other hand, function to tell us about the author's own research project - how it was done and what it found.

Following our description of the RA hourglass, we examined each of the four sections of the empirical RA in more detail. RA Introduction sections are often organized into three parts or moves:

1. a statement of importance or generalization, which typically includes a review of the literature; 

2. a statement indicating a "gap" in the field - an area where past research has been lacking;

3. a purpose statement, or gap-filling move, in which the author shows how their research fills the gap indicated in move 2.

As their titles indicate, RA Methods sections report on the methods used to conduct the research being reported. Methods sections vary to some degree according to the field of research being reported - well-established fields in the hard sciences, for instance, often depend on standard methods. In other fields, however, research methods are less highly standardized, and sometimes not standardized at all. 

RA Results sections also vary according to field and methodology. However, we described in a very general way the organizational structure of Results sections, which include: 

1. preparatory material; 

2. presentational material, including main statements of results;

3. commentary material. 

We gave various examples from actual RAs of these different categories, and asked you to analyze some partial Results sections.

Finally, we looked at Discussion sections of RAs. Discussion sections can be divided into earlier and later parts or material. Earlier material can include: 

1. a brief summary of the purpose or research questions of the project; 

2. a brief review of the major findings; 

3. brief interpretations or explanations of findings; 

4. possible limitations in the data. 

Later material is likely to include: 

1. general implications of the study; 

2. recommendations for future research or practical applications of the results.

Our purpose in this Chapter has not been to teach you how to write research articles. Instead, we have provided a detailed description of the RA as a kind of small-scale model of the T/D - the main topic of this Handbook. Compared to RAs, T/Ds tend to be much larger, much less public, and much less standardized. It is also the case that research in the field of applied linguistics has provided us with useful descriptions of RAs, while there is very little linguistic research on T/Ds. We have therefore attempted to use what we know about RAs to help us understand T/Ds. In the next chapter of this Handbook, however, we turn our attention specifically to T/Ds.   
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Words used to mark importance/generality:
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