Reading and Writing Research Reports

X 4.1 Research Journals and Their Readers

§ An important first step for any new researcher is to become familiar with the
primary journals in the field, for as we’ve discussed, these professional publica-
) tions represent the principal medium through which individual scientists share
their theories and results with others in the scientific community. The easiest
way to identify the essential journals in your field is to notice those around you.
Start by paying attention to what other researchers—your professors, teaching
assistants, other students—are reading. When you are assigned research articles
to read in your classes, take time to notice where and when the papers were
published, what institutions the researchers represent, and what granting agen-
cies provided funding for the research. Identifying the professional associations
or institutions that sponsor the journals will help you understand who reads
them. Most journals are quite explicit about their audiences and goals, posting
editorial goals and guidelines on their websites and publishing them in their
print issues as well (in every issue or in one issue annually). For example,
dozens of journals are published in the field of physics, each intended for a spe-
cific segment of the physics community. The American Physical Society (APS)
publishes seven Physical Review journals, reporting research in subfields such as
i atomic, molecular, and optical physics (Physical Review A) and nuclear physics
(Physical Review C). The APS also publishes the prominent Physical Review
Letters, “providing rapid publication of short reports of significant fundamental
research in all fields of physics” (http://publish.aps‘org/about). Beyond the
needs of researchers, the American Journal of Physics, published by the American
Association of Physics Teachers, addresses “the instructional and cultural
H aspects of physical science” (http://scitatior\.aip,org/ajp/masthead.jsp), and
Physics Today (www.physicstoday.org) is a semi-popular magazine intended for
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a broader readership as well as for professional physicists. As in other areas of
science, Apublicationﬁ in physics have evolved to support the informati(;nal
needs of researchers, educators, hobbyists, and others interested in the subject
matter of physics and in the advancement of this area of science. )

To stay nacti\'c in a research field or interdisciplinary area, then, scientists need to
be aware of the purposes and intended audiences of the journals published in that
area. This knowledge helps them decide which journals they will want to find time ;(
read (of the thousands in publication); and, equally imporlant, it helps them clecidez
l\r\'here they should submit their own work for pub‘lication. Choosing an appropriate
;oumalﬂ is a critical step in the publication of a scientific papet, for tl;v ultimate inflLl;
ence of a paper in the scientific community may be significantly determined by the
journal in which it appears. In science as in other domains, the amount of attention an
announcement receives is to some extent determined by the context in which it
appears, that is, by where, when, how, and to whom the announcement is made
(Miller 1992). A researcher’s decision about where to submit his or her paper Lllti;
mately determines who will have access to the work.

As a case in point, Chapter 10 includes reports of a research project headed by
Dr. JoAnn Burkholder, an aquatic botanist at North Carolina State University. In 1988
B»Ln‘kl}oldor's team discovered a new genus of algae, a “predatory” di.noflagéllate thaé
kills f'lSh by releasing a lethal neurotoxin into the water. In a series of studies over the
next few years, Burkholder and her colleagues determined that the alga was responsi-
ble for massive fish kills in estuaries along the southeastern coast of the United States
and was very likely associated with fish kills in other regions as well. The striking na-
ture of the finding (this was the first known instance of predatory behavior an?ung
suAch.organisms), along with its potential international ramifications, warranted sub-
mission of the results to the British journal Natire, which has a broad, interdiscipli-
nary, and international readership. Published in Nature in 1992, this first major paper
from the project announced the discovery of the new organism, described its behavior,
and bx'ie>fl)r' listed related fish kills that had been observed. In contrast, subsequent pa—l
pers focused more narrowly on the results of individual studies of the organism in the
lab and in particular estuarine locations. For these later reports, the rcSearchcr@ tar-
geted more specialized audiences within the marine ecology community, publi;‘.hing
in such forums as the Journal of Plankton Rescarch and the Marine Ecology I)}'t)gi'('ss éc’/'ic;‘.

Visit the websites, or obtain hard copy of three prominent journals or magazines in
vour research field.! Browse these sites or print texts to determine theiﬁﬁrp&%e;
and iptended audiences of each of these publications. Look for the ;7lelisilﬁ;1*’;
description of each journal, typically found in the masthead section inside the front
cover or under an “About” tab at the journal’s homepage. Also peruse the editorial
guidelines provided. How do these publications differ? What needs or interests in

H!}-?:r:?t)t\r%v T]Qm_psing_of vdmn'i_al guidelines, see hitp:/ /mulfordaneduobio.edu/instr/indexhtml. At
site, the library of th}- Medical University of Ohio has assembled links to the editorial websites of
more than 3300 journals in the health and life sciences. .
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the research or broader community does each journal address? As you envision
your own future as a scientist, which of these publications would you be most
likely to read or to publish in? How would the articles you read in, or write for,
these publications differ?

4.2 Argumentation in Science

Given the critical role of the research report in the development and exchange of scien-
tific knowledge, it is important to understand its distinctive features and the common
strategies scientists use in writing and reading these documents. Research reports in
scientific journals are variously referred to as journal articles, papers, or reports. In this
text, we use these terms interchangeably to designate the class of texts reporting origi-
nal results or theoretical developments in professional research journals. Our purpose
in this chapter is to describe some of the general conventions research reports follow
and to help you analyze the specific conventions governing reports in your field.

The communication of research results is far from straightforward. It is tradi-
tional to think of scientific reports as purely factual or explanatory, but as we saw
in Chapter 1, the report also serves an important interpretive and persuasive
function. Scientists publish descriptions of their research not simply to tell others
what they’ve done but also to persuade readers that the work is valid and useful.
In terms of form, then, the research report is more than a narrative; it is a careful
argument. The authors of a research report find themselves in the position of
building a case for their research, not simply recounting actions and observations.

From this perspective, the research report represents an extended argument
in which researchers seek to convince readers that their research questions are
important, their methods were sensibly chosen and carefully carried out, their
interpretations of their findings are sound, and their work represents a valid
contribution to the developing knowledge of the field. These basic goals are
clearly reflected in a common research report format, which consists of four
standard parts or sections: introduction, methods, results, discussion. Each
section of the report contains an argument, and each section plays a part in
supporting the larger argument of the whole.2 This structure, sometimes referred
to as the IMRAD format, is the dominant pattern in modern science journals
(Gross et al. 2002; Mackenzie Owen 2007). It is codified in editorial guidelines and
science writing guides (Olsen and Huckin 1991; M. Katz 2006; Day and Gastel
2006) and is frequently introduced to students via various forms of the lab report
in college courses (Carter, Ferzli, and Wiebe 2004; LabWrite 2004; Lerner 2007).3
The basic elements of the IMRAD form are summarized by the Council of Science
Editors (CSE 2006) in Figure 4.1.

2Notice that we use the term argument in the sense of “case building” here, as opposed to the everyday
sense of “confrontation” or “debate.” Thus, the question “What is your argument?” means “What is
your line of reasoning?”

3An excellent online resource for learning to write lab reports is the LabWrite program sponsored by
NSE and developed at North Carolina State University: http://www.ncswedu /labwrite/.
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IGURE 4.1 Sections of a research report as described by the Council of Science Editors (CS

a Research Report: Typical Headings and Functions

Reading and Writing Research Reports

Function of section; comments

Describes the state of knowledge that gave rise to the question
examined by, or the hypothesis posed for, the research. States the
guestion {not necessarily as an explicit question) or nhypothesis.
A review of existing literature also may be found in the

introduction.

Describes the research design, the methods and materials used in
the research (subjects, their selection, equipment, laboratory or field
procedures), and how the findings were analyzed. Various disciplines
have highly specific needs for such descriptions, and journals should
specify what they expect to find in a methods section.

Findings in the described research. Tables and figures supporting
the text.

Brief summary of the decisive findings and tentative conclusions.
Examination of other evidence supporting or contradicting the tenta-
tive conclusions. Final answer. Consideration of generalizability of
the answer. Implications for further research.

Sources of documents relevant to elements of the argument and
describing methods and materials used.

2 2006, p 464).

IMRAD format consists of

As the descriptions of these sections indicate, the
methods and results),

two sections in which the new study is actually described (
framed by two sections that place the new work in the context of previous
knowledge (introduction and discussion). Both of these “framing” sections de-
seribe the current state of the field’s knowledge. The introduction describes the
state at the start of the report—the state that created the need for the study—and
the discussion describes the new state of the field’s knowledge at the end of the
ew results have been added to the knowledge base.

escribing sections is often
to describe

report—now that the n

The distinction between framing sections and d
signaled by verb tense: framing sections usually use present tense
the field’s current knowledge (“Factors that limit the distribution of the
cougar are not known entirely but include climatic features, availability of prey,
and habitat features”), whereas describing sections typically use past tense to
describe actions already taken and data already recorded (“We scarched for
cougar tracks between December and April each year”; “Summer and winter
home ranges for individual females overlapped extensively”).t In an extensive
analysis of verb tense patterns in research reports, Hawes and Thomas (1997)
found that writers frequently use past tense to describe particular examples in

HQuoted sentences from Ross and Jatkotzy (1992, p 417, 418, 419). talics added.
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support. of generalized trends, whereas present tense is used when stati iy

gener.all'zatlons themselves. One of the effects of past tense, then, is to llonglt' 163
.and 1.1r‘mt findings to particular researchers or labs, wl\ereas / resent Cta .
identifies a claim or conclusion as part of the field's current ungerstandienngsiz

Choose two or more full-length research reports from your field or from those
u'1cluded in this text. In each major section of the paper, circle the main verb in the
first 10 or 12 sentences. Note whether and how verb tense shifts across sections
end whether and how these verbs tend to localize findings or incorporate th

into general knowledge claims. P -

2

4.3 The Logic(s) of Scientific Inquiry

IWI\;RTve mclu_ded. in this text three journal articles that follow the traditional
D organizational pattern: Graham et al. (1992) and Chiba et al. (2002) in
Chepter 9, both reporting clinical studies of treatments for the stomach bacterium
Helicobacter pylori; and Burkholder et al. (2005) in Chapter 10, which examin

methods for aseess'mg toxicity of Pfiesteria, the “fish killer” d,inoﬂagellate T}(:esz
IMRAD format is a natural choice for reporting results from these studies éor in
each case the research involved posing a question, choosing and carr i;1 out
experlmental procedures, interpreting the resulting data, and drawin scz/mef(g con-
:}I\ZSS?S‘ allsou.t th;e significf:ance of the outcome. Thus, the IMRAD forimt mirrors

asic logic of scientifi isi i i i
oy Sdent;gﬁc or s ¢ method. Not surprisingly, this form is common in
However, the emphasis on experimental methods an i

new dafa in Athe IMRAD form are clearly unsuitable for papgrst ﬁpﬁfjmﬂéﬁegf
C.al or historical research, in which the primary goal is to present new ii;\ter reta-
tions, theories, or models for understanding phenomena previous} obszrved
(_Harmon 1992; Miller and Halloran 1993). Much of the research co}rllducted in
helds‘such as astrophysics, evolutionary biology, and geology, for example, is best
described as theoretical or historical rather than experimentf,d. Res:earci L/n the;e
areas may involve some data collection (e.g., core samples or satellite observa-
gz?:()), flz)x;:nfrelzqtue;xﬂy the primary goal of such research is not to test hypotheses
put to form rlj, :ﬁi ngf}:(;)g\aisees—to propose theories or models that account for the

5You are alre i ili i [
distm;tl’;:i?:gge?:;gey familiar :\‘mh Ct‘he effects of present and past tense verbs, for you use these
S yday conversation. Compare the statement “Tm d the lo " with '
fhe lawn myself ~ The Frat se I state mowed the lawn myself” with “Tmow
self. st sentence clearly refers to a specific occasi i
wr E E occasion on which you m 1 the law
(a localized event), whereas the s b ol (o recuring of
s the second refers to a gener. i 'y curri
gencral pattorn). a general practice you've adopted (a recurring or
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The structure of papers in the historical and theoretical sciences therefore
tends to be more variable than that of experimental papers. As a case in point,
skim the section headings of the Geology paper by J. Z. de Boer and colleagues
(2001) on pages 326-329 and the Clinical Toxicology paper by Spiller et al. (2002) on
pages 330-337. Written by members of the same multidisciplinary research team
and reporting on the same project, these papers nevertheless follow different
organizational logics. Both begin by introducing the geographic location and
history of the Delphic oracle. The researchers have compiled evidence that a
gaseous vent was present in the ancient temple at Delphi and was responsible for
intoxicating, and thus “inspiring,” the legendary priestesses who spoke prophe-
cies there. After the introductory sections, the Geology article devotes separate
sections to the tectonic setting, evidence of springs in the area, and analyses of
gases present. Each of these sections incorporates both historical information and
the results of the team’s recent field survey and water sampling. In contrast to the
IMRAD form, the survey and sampling methods are described briefly in each of
the above sections; there is no separate section devoted to methodology, and few
methodological details are included. This primary emphasis on observations or
results over methods is common in geology reporting and consistent with the
descriptive nature of this science.

The second report of the Delphi research—Spiller, Hale, and De Boer’s
Clinical Toxicology article—is organized somewhat differently. Though this article
reports basically the same information as the Geology report, the historical back-
ground is treated as evidence in this report and the authors explicitly state their
intention to defend the gaseous vent theory, an ancient theory that had long been
dismissed as myth. After the introduction and an overview of the controversy, the
paper devotes separate sections to each of three types of evidence the authors
have compiled: historical, geological, and chemical. The paper does not follow a
predetermined form but is organized to highlight the critical components of this
particular argument.

Notice that all the report structures discussed above provide explicit opportu-
ities for authors to describe the assumptions and implications of their theories,
in 2 sense the “methods” and “results” of theoretical work. It is also important to
notice that these papers provide clearly announced introductory and concluding
sections or paragraphs that contextualize the argument just as the introductory
and concluding sections do in the conventional IMRAD form. In stating the pur-
pose of the study, the introduction Jots readers know what kind of research is to be
presented. The American Institute of Physics Style Mannal explicitly reminds
authors that the type and scope of the work, whether theoretical or experimental,
should be clear from the introduction (AIP 1990).

In short, all research reports will include a framing introduction and discus-
sion/conclusion (labeled or unlabeled), but the form of the body of the paper, the
actual description of the work itself, will be determined by the type of work to be
described. Because written texts communicate not only facts and observations but
also the ideas and logic of their authors and their fields, texts will take different
forms in different research communities. You will want to notice how reports in
your field tend to be organized and how that organization compares with the
organizational logic of the IMRAD form that we discuss here. As you read, pay
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close attention to the purpose and logic of each section. Notice how authors in
your field convince readers of the need for the study and the significance of the
outcome, as well as how they describe the methods, assumptions, and observa-
tions that serve as the evidence in their arguments.

In the next sections of this chapter, we describe the logic of each of the
standard IMRAD elements in more detail.

Read the research report by Etiope et al. (2006) in Chapter 11 and examine its
organizational logic. What methods are described in this report, and where are
they described? What results are reported, and where? Describe the function of
each subsection and the overall logic of the report.

4.4 Introducing the Research Problem

All research reports begin with an introduction of some sort, no matter what
structure is followed in the rest of the paper. This is where you explain your
research objectives, argue that the research is important, and place your study in
the context of previous research. As Figure 4.1 demonstrates, editors and other
readers expect the opening paragraphs of a journal article to describe the state
of knowledge that motivated the research in the first place and to introduce the
purpose of the study. We have referred to this opening section as a ”framing”
section above, to underscore its role in establishing a context or framework
for interpreting the new research. To examine this framing more closely, take a
minute to read the scrambled introduction in Figure 4.2. In what order do you
think these sentences originally appeared? Rearrange the sentences to create a
coherent paragraph that would clearly establish the purpose of the research
it introduces. (Jot the sentence letters in an appropriate sequence in the margin
before reading on.)

In unscrambling this intro, many of you probably chose to start the paragraph
with sentence A, C, or D, presumably because you felt some background or
announcement of the topic was warranted at the beginning, or perhaps because
| you were following the familiar “funnel” introduction pattern, which starts with a
| broad statement of the general topic and then narrows to the particular issue at
hand. If you placed sentence E at the end of the paragraph, you chose to end by

: introducing the particular study to be reported in the paper, also in keeping with
the funnel or inverted pyramid pattern. The actual introduction is reproduced in
| Chapter 9, on page 247.

Notice in the original that the authors, David Graham and colleagues, be-

gin as we've just described, using sentence D to announce the general topic or

issue (peptic ulcer disease is chronic and recurs frequently), briefly elaborated
with sentence C (which explains that antiulcer therapy can help but only
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éffécf bf Treatment of Helicobacter pylori Infection on the Long-term
Recurrrence of Gastric or Duodenal Ulcer

common Moves in Research Article Introductions

Move 1 Establish topic and significance (“establish a territory”)

A, Recent studies have suggested that the eradi- D. Peptic uicer disease is a chronic disease By claiming that the topic is of central interest to the field and/or
" cation of Helicobacter pylori infection affects characterized by frequent recurrences. By making generalization(s) about the topic and/or
the natural history of duodenal ulcer disease E. We report the resuits of a randomxze(if, con; By reviewing previous research
ial i ich we evaluated the effect o - ) )
sucf;e(tj'l‘;t(;%? rate of recurrence decreases :;?e”rz(;ytr?;slingr\:vehc; to V;ra d;/ca:e H. pylori on the Move 2  Establish need for present research (“establish a niche”)
It -9} A ! - . .
,nr:aaddition, studies of the effect of H. pylori pattern of ulcer recurrence in patients with By indicating a gap in previous research or
e eradication in patients with gastric ulcer have duodenal ulcer or gastric ulcer. ~ By raising a question about previous research or
not been done. F. However, thg interpretation of these results has By proposing an extension of previous research
¢. The continuation of antiuicer therapy after ulcer been complicated by the fact that several of the 1 Move3  Introduce the present research (“occupy the niche”)
" healing results in a reduced rate of ulcer larger studies did not use control groups or any By outlining the purpose and/or main features of the study
recurrence but does not affect the natural form of blinding (3, 5, 6). (obligatory)
histttofr );] Oz;fth;gsef:;:::é‘gsfe:&zpilcézg By describing the findings or conclusions of the study (optional)
o . o )
g;imenance therapy is discontinued (4). By previewing the organization of the report (optional)
FIGURE 4.2 Scrambled introduction to Graham et al. (1992), from Annals of Interual Medicine, p 705. FIGURE 4.3 Based on Swales’s (1990) Create a Research Space (CARS) model of research article

introductions (p 141).

temporarily, so does not affect the natural history of the disease). They then

explain, in sentence A, that one approach hias been shown to affect the natural These three rhetorical moves can easily be seen even in Graham et al.’s brief
history of the disease: eradicating the H. pylori infection. But this promising introduction. (Take a minute to find them.) In Move 1, Graham et al. begin with
observation is qualified in sentences F and B, in which Graham et al. point out generalizations about peptic ulcer disease and its treatment (sentences D, C, A),
weaknesses in the research supporting this approach and also the absence of incorporating an overview of previous research. In Move 2 (sentences F and B),
research investigating effects of this treatment on an important category of they raise questions about prior studies and point to a gap in the research: gastric
peptic ulcer (gastric). At this point, the discussion leads us to expect a response ulcer has not been studied. And in Move 3 (sentence E) they describe the main
or solution to these problems, which is exactly what the authors then provide. features of their study (it uses a randomized, controlled design) and its purpose
[n the final sentence, £, Graham et al. tell us they will report results of a study (to evaluate the effect of H. pylori treatment on ulcer recurrence). Notice that
that has included control conditions (lacking in previous research) and that Moves 2 and 3 in particular are clearly signaled by the authors. Readers can’t miss
examines both types of peptic ulcer, gastric as well as duedenal. In this brief Move 2 in sentence F, which is signaled by the contrastive adverb however. Move 3
introductory paragraph, the authors have identified a research area, described is also clearly signaled, in this case by the shift to first person active voice: “We
the state of the field’s knowledge in this area, and have shown how their study report...”
will advance that knowledge. As you continue to read research reports in your field and others, you will come
In asking you to try the “scrambled intro” exercise, we have borrowed an across many variations on these moves and the strategies for accomplishing them.
instructional technique from John Swales, a linguist who has studied the logic and Though the sequence outlined in Figure 4.3 is quite common, sometimes the moves
form of scientific papers (Swales 1984; 1990; 2004). In a study of introductions will be made in a different order or may overlap, and the listed strategies will occur in
from 48 scientific papers published in three research fields, Swales (1984) discov- varying combinations. Such variations may reflect the nature of research in a particu-
ered a remarkable degree of consistency across fields and journals. He found, as lar disciplinary area. For example, Samraj (2002) found that research introductions in
we did in the above analysis, that authors use introductions to demonstrate that the applied field of conservation biology often point to gaps or problems in real-
their research responds to a need or a gap in the field’s knowledge. Swales (1990) world conservation management practices, rather than gaps in prior research, to es-
explains that the introduction to a research report is designed to create a space or tablish the need for a new study. In contrast, authors from the theoretical field of
a niche that the new research will fill. In describing this Create a Rescarch Space wildlife behavior more often justified their new work by emphasizing gaps in previ-
(CARS) model, Swales identifies three interconnected moves commonly found in ous research. In another distinctive pattern, Swales (2004) notes that the Move 3 strat-

journal article introductions, which we have summarized in Figure 4.3. egy of previewing the organization of the report is not very common in articles
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following the IMRAD form but is “close to obligatory” in fields that do not use the
IMRAD convention, such as computer science, biostatistics, and economics (P 232). 1n
the absence of the predictable IMRAD organization, such a preview serves a valuable
function in helping readers anticipate the shape of the argument to come. (See the
Clinical Toxicology article by Spiller et al. [2002] in Chapter 11 for an illustration of this
strategy.) In sum, we find the CARS model quite useful in identifying the basic ges-
tures authors tend to make in introductions, but it is important to understand these
gestures as flexible rhetorical moves that authors (and disciplinary communities) may
combine in diverse ways to achieve their rhetorical goals. Despite variations in Iengtlﬁ,
organization, headings, and other text features, effective introductions in all fields
include broadly similar moves because they share the same broad goal: the authors
want to convince readers that the topic is important and that their work on the topic
will advance the field’s knowledge. Thus the introduction serves several functions: it
orients the reader to the research topic, reviews the current state of knowledge in the
field, and establishes the need for the new work.

The effectiveness of this argument for the significance of the new rescarch
rests largely on the authors’ description of what the field knows now, which not
only helps establish the authors’ credibility in the field but in so doing creates
common ground with readers and a shared context for understanding the new
work, In an analysis of journal articles at early and later stages in the develop-
ment of chaos theory, Paul and Charney (1995) found that when scientist authors
were unable to use the conventional method of establishing shared context
through research citation (i.e., when the research field was in its infancy and no
prior research existed), they went to great lengths to create context through alter-
nate means, for example, by introducing shared exemplars requiring extended
elaboration. Once a research record developed, the same authors easily adopted
the conventional research citation pattern that Swales had observed. Paul and
Charney aptly describe research citation as a “disciplinary shorthand” (p 427) for
establishing shared context with other members of a research community. Con-
ventional ways to summarize the state of knowledge in the field and to acknowl-
edge the work of others are discussed at more length in Chapter 5.

Choose one of the sample research articles in this text and examine its introduction
closely (for example, Chiba et al. [2002] in Chapter 9, Burkholder et al. [2005] in
Chapter 10, or Reynolds et al. [2007b] in Chapter 12). Mark off the three basic moves
outlined in Figure 4.3, circling any clear signals included in the text, and identify the
strategies used to accomplish each of these moves, Write a paragraph in which you
describe these moves and strategies, 1.e., the authors’ basic line of reasoning,

i fact, the structure of the introduction, in which the research gapor problent is made prominent, can
be understood to create the psychological desire for a solution {see Olsen and Hluckin 1991), As
rhetorician Kenneth Burke puts it, “form is the creation of an appetite in the mind of the auditor, and
the adequate satisfying of that appetite” (1968, p31).

Choose a published research report from a journal in your field. Type up a scram-
bled version of the introduction to this report, as in Figure 4.2. (If you choose a
multiparagraph introduction, break it into “packets” or clusters of sentences
rather than individual sentences.) In class, have two or three partners read and
unscramble the introduction, with the goal of reassembling the original line of
reasoning. Look for similarities and differences in these responses. Is there an eas-
ily recognizable pattern in this introduction? Look at some other research intro-
ductions in your field. How common is the pattern you've identified? Which
moves and strategies are flexible and which seem to be obligatory?

N
ik

4.5 Describing Methods

The second major component of the research report is a description of the meth-
ods and materials used in the research. The “materials and methods” section
traditionally follows the introduction, though some journals have begun to
move these details out of the main body of the article to the end of the paper,
sometimes set in a reduced font size, and/or to place some or all methodologi-
cal details in online supplements. Berkenkotter and Huckin (1995) speculated
that the trend toward deemphasizing the methods section in some journals indi-
cates that readers rely heavily on peer reviewers’ assessment of methodological
details, saving their own reading time for inspection of the study’s results.
Diminished attention to methods in the main argument may also reflect the
maturation of a field or research area: as particular methods become more estab-
lished and familiar, their description requires less and less detail (VandeKopple
1998). But as we observed in Chapter 2, this “shrinking” of the methods section
in some journals coincides with a trend toward expanding research reports in
other ways, as electronic publishing enables authors to embed links within the
text and post supplementary materials online.

The location of the methods section and the amount of attention it receives
will also vary according to its role in the research argument being presented.
Burkholder et al.’s 2005 paper in Proceedings of the National Academy of Sciences
(PNAS), reprinted in Chapter 10, reports on a comparison of two methods for
detecting Pfiesteria toxicity and therefore features a prominent and extensive
“Materials and Methods” section describing these techniques. In contrast,
Reynolds et al.’s 2007 report of their analysis of the Kepler supernova remnant
(Chapter 12) contains no distinct methods section. Methodological details (e.g.,
the timing and duration of Chandra observations and the subsequent analyses
performed) are integrated into a section titled “Observations and Results,”
where this information provides critical context for the description of what was
observed. Wherever methods are described in articles in your field, they consti-
tute an important component of the overall argument of the research report, for
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they provide the framework within which the study’s results and conclusions
were generated.

The content and organization of the methods section will also vary accord-
ing to the type of research to be described. This variation is illustrated in
Figure 4.4 with a simple comparison of subheadings used by different authors
to organize this section of their reports. Although the logic of the methods sec-
tion is dictated by the logic of the research and therefore varies widely across
fields, notice in Figure 4.4 that there are some basic organizational similarities.
Methods descriptions begin by identifying the subjects of study, whether
they are bacterial strains, forests, or human beings. It is conventional in many
environmental science fields, for example, to include a separate “study area”
section in which the ecosystem under study is identified and located and its
distinctive features described (as in Example B). Papers reporting research
involving human or animal subjects typically include a subsection labeled
“subjects” or “patients” or “population characteristics” at the start of the
methods section (Example A). Example C similarly begins by identifying the
Pfiesteria strains that are the focus of study.

Once the subjects of study have been identified, the materials and procedures
used to study them can be described. Subheadings are often used to subdivide the
methods section to highlight the various types of analyses that were performed, as
in Examples A and C. It is often helpful and sometimes essential to use graphics in
describing methods, such as maps of study sites or diagrams of experimental

Example A, from Chiba et al. (2002), British Medical Journal (reprinted in Chapter 9)
Methods
Selection of patients
Randomisation and interventions
Adherence to drugs ,
Outcome measures (6 subsections)
Determination of sample size
Statistical evaluation
Example B, from Lorimer et al. (1994), Journal of Ecology
Study areas
Methods
Experimental design
Plot measurements and analysis
Example C, from Burkholder et al. (2005), PNAS (reprinted in Chapter 10)
Materials and Methods
Dinoflagellate Cultures and SFBs with Juvenile Fish
Microbial Communities
FMS with Larval Fish
Tests for Pfiesteria Culture Purity
Toxicity, Toxin Production, and Environmental Relevance

o TR

FIGURE 4.4 Subheadings from the methods sections of selected journal articles.
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apparatus. In Section 4.6 we will present some guidelines for incorporating graph-
ics into your text.

As noted earlier, the concrete information in the methods section is usually
presented in simple past tense, either active voice (“We collected water samples
every three days”) or passive (“Water samples were collected...”). Although the
“s_cientific passive” has a long and venerable tradition, it is often easier and more
direct to write in active voice, which is the mode preferred by many journal edi-
tors in the interests of brevity and clarity. The editors of the Journal of Heredity, for
example, directly inform contributors that “first-person active voice is prefe\rable
to the impersonal passive voice” (Heredity 2008).

On the other hand, it is observed in the American Institute of Physics Style
Manual (AIP 1990) that “the passive is often the most natural way to give prorili-
nence to the essential facts” (p 14). The AIP editors offer as illustration the sen-
tence “Air was admitted to the chamber,” in which it is not important to know
who turned the valve (p 14-15). In an analysis of research articles in the field of
speech-language pathology, Riley (1991) found passive voice to be substantially
more common in methods sections than in other parts of the reports, though all
_sections contained a mix of passive and active verbs. The AIP recommends shift-
ing to active voice where necessary to avoid confusion or awkwardness. You’ll
notice that active voice often leads naturally to the use of first person (“We col-
lected...”), which is increasingly common in scientific prose, a trend also en-
dorsed by the AIP (p 14) and other editorial panels.

.Although it is generally recognized that the methods section cannot de-
scribe every action of the experimenters, the description should be detailed and
complete enough to enable knowledgeable colleagues to repeat the experiment,
observation, or calculations successfully. Standard procedures that will be fa-
miliar to your in-field readers can be identified quickly without citations or
further explanation. Procedures established in previous studies typically ap-
pear with citations acknowledging the precedent. And new procedures or sub-
stantial modifications will be explained and justified. Just as the introduction
section argues that the study was needed, the methods section argues that the
study was sensibly designed and carefully conducted. This is the occasion to
defend the decisions you made in designing and carrying out the research. Of-
ten these explanations are simply offered in passing, as in, “We increased the
volume to 30 ml for the copepod to minimize containment effects.” At other times,
an explicit justification is offered to explain a methodological choice: “The di-
noflagellate’s TFVCs require an unidentified substance in fresh fish excreta;
hence, it was necessary to maintain cultures using live fish.”” Methods are some-
times described without such justification in student lab reports (because the
primary audience, the instructor, has chosen the methods and does not need to
be convinced of their validity), but in most other scientific contexts you will be
describing methods you have chosen to readers who were not privy to your
methodological decision making. How you explain and justify these choices is
crucial to your ethos as a professional scientist.

7Both examples are from Mallin et al. (1995), emphasis added.
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The degree of justification needed for a procedure depends on the status
of these procedures in the research community. We noted earlier that this
status may well change over time as a research area matures. For example, in
an analysis of Physical Review articles reporting research in spectroscopy over
the course of the last century, VandeKopple (1998) found that authors publish-
ing as the field first emerged in the 1890s included many more experimental
de ails than authors reporting similar types of work in the 1980s. The early
researchers also tended to adopt a more cautious tone in describing their
instruments and materials, taking care to depict their methods "as applying to
one particular time and place, rather than...as firmly established and widely
generalizable” (p 190).

In sum, the methods section establishes the conditions under which the re-
sults of the study were generated, and therefore the context in which they must be
interpreted. In this sense, the methods “frame” the results (and represent a frame
within a frame). Notice that describing the methodological details of an experi-
mental study is comparable to the articulation of assumptions required in theoret-
ical papers. In describing their methods, researchers articulate the assumptions
they made about the phenomenon under study: for example, that it will or will
not vary over time or as a function of temperature or nutrient content or medical
treatment or altitude or other factor; that the effects of these variables are observ-
able with these instruments or observational techniques; that these techniques are
reasonably free of bias; that these subjects are representative of the larger popula-
tion to which the researchers wish to generalize; and so forth. The validity of the
study design rests on the persuasiveness of the researchers’ description of the
methodological decisions they made.

Look for instances of active and passive voice in one or more of the research re-
ports in Chapters 9-13 or in sample articles from your field. Compare the types of
information that tend to be presented in each mode. Do you perceive any patterns
or strategies in the use of active and passive voice in different sections of these
reports, or in articles from different research areas? (For example, how do your
hndmgs compare to the trend Riley {1991] observed in articles from the held of
speech-language pathology [debulbed abovel?)

In the article by Burkholder et al, (2005), reprinted in Chapter 10, Jook for examples
of cach of the three levels of procedural explanation described above: (1) standard
or routine procedures, (2) procedures established in previous studies, and (3) new
procedures or substantial modifications. How much explanation or justification is
provided in each case? Why?
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Turn the methods section from one of your recent class lab reports into a methods
section suitable for a journal audience in your field.® Where appropriate, state the
rationale for your methodological choices. Target a specific journal, and use infor-
mative subheadings if editorial guidelines permit.

4.6 Reporting Results

The presentation of results plays a critical role in the developing argument of the
research report, for it is here that new evidence is presented to address the gap or
question outlined in the introduction. At first glance, the content of this section of
the IMRAD form seems obvious: this is where the data are presented. But present-
ing data is not a simple matter. Even if a journal offers the option of posting
supplemental material online, researchers cannot display all the information ac-
cumulated during the study, which may consist of pages and pages of lab data or
field notes in print or digital form. Journals do not allow room to report each
day’s striped bass capture rate in a three-month study period, for example, or pH
levels from all soil samples in a 200-sample design—nor would readers want to
spend the time to read these raw data.

Instead, the data are summarized. The first step is to reduce the data to a
manageable size for presentation; in experimental studies this is often accom-
plished by converting raw data to means (averages) and by using figures and
tables to represent the data visually. Mean capture rates might be reported for
each week or month, depending on how much variation was observed over
those time periods; the results of soil tests might be grouped and averaged
according to the location of the samples or the distance from a waste discharge
point. Once the data have been reduced in these ways, comparisons can
be made; for example, changes in capture rate can be examined over time, pH
levels at different sampling sites can be compared. It is these observed changes
or differences (or the lack of change or difference) that constitute the answers
to a study’s research questions.

Reducing the data thus enables authors to take a second step in presenting
results, that of generalizing from the data. Researchers want to point out the
trends they’ve noticed so their readers can see why they drew the conclusions
they did. If they are to convince readers that their conclusions are valid, they
must first ensure that the patterns they saw in the data are readily apparent.
Olsen and Huckin (1991) point out that both levels of information must there-
fore be presented: “(1) the major generalization(s) you are making about
your data and (2), in compact form, the data supporting the generalization(s)”
(p 363).

SWe are indebted to Olsen and Huckin (1991) for this exercise.
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Compare the following sentences, both of which refer to the data contained in

a table:
Example A
Fifty percent of the eradication group
fully to treatment in the intention-to-treat analysis (t

analvses, 34% of the eradication group and 40% of the placel
3 groug

and 36% of the placebo group responded success-
able 2). In the all-evaluable-patients

bo group responded favorably.

Example B

The propurtion of p

greater for the eradication arm than for the placebo

the intention to treat and all evaluable patients analyses (table 2).

Example B is from the report by Chiba et al. (2002), reprinted on pages
251-257. Example A is invented. 1f you look at Table 2 in the Chiba report, you'll
see that Example A simply repeats data that can easily be read in the table iself.
Example B, on the other hand, generalizes from the data, emphasizing the ditfer-
ence between the eradication and placebo groups and the similarity between the
trends observed in the two types of analyses. Such generalizations are often stated
in topic sentences at the beginning of paragraphs, as in Example B.

The relationship between data and generalizations is easily demonstrated by
tables and figures are referred to in well-written reports. Tables,
graphs, and other visual representations are essential tools for reporting scientific
results, but it is important to keep in mind that graphics only present the data; the
¢ those data must be provided in the text. We
grating visual and verbal information:

atients who were considered a treatment success was significantly
arm, with comparable results in

looking at how

generalizations needed to interpre
recommend two essential steps in inte

B Refer readers to the visual explicitly.

m Tell them what patterns to notice.

In Example B, the researchers rofer readers to Table 2 by referencing it in
parentheses at the end of the first statement describing data in that table. Other
references to tables and figures are even more explicit, as in the following exam-
ple, also from Chiba et al.: :

Example C

Table 3 shows the impact of e
quality of life. The difference in the change
showed significantly greater improvement in three

tion arm.

radication treatment on disease specific measures of
in scores from pretreatment to study end

of the five domains for the eradica-

table, identifying the kind of information to
254). The authors then go on to highlight the
aders interpret the mean ditferences

The first sentence points readers to the
e found there (turn to Table 3 on page
trends to be noticed in this table, helping re
listed in the second column by calling attention to the signiticance levels (P values)
d in the fourth columa, (Three of the five P values fall below the conunonly
1g that these differences are unlikely
smsidered “real” or significant differ-

reporte
accepted probability threshold of 0.05, indicati
to have occurred by chance and are therefore cc
ences.) As in Pxample B, the authors of the excerpt in Example C do not simply
repeat data from the table in the text itself; rather, they use the text to summarize and

characterize the data, to help readers see what they see in this set of numbers.
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In Chapter 2 we discussed the criti
B e critical role that vi 5 i
e visuals pla i
(1; r1:)8;rgturlr1ent, a role th.at ha.s dramatically increased ovgjr t}ilniz I?S?A(j'e lr s 2004
joumafs 1an . 2002). In an historical comparison of articles from prom‘men‘z re ot
jourr 20“\{2 rtange of fxeldg Gross et al. (2002) found that 88 percent of arzzfar(fh
their - blr“z ury §ample uhwcluded figures or tables, compared to 48 nt of
o thes pu lxshed in the 19" century. On average, 26 percent of the “surlz"eqrceln.t Of
o the siamp ed articles gonsxsted of tables and figures (p 200), a clear 1;1;e d!t?a
of the r(x;p}ortance of v1§\1a1 evidence in this genre. Digital technolo 'el‘czl1 e
ced the range of visual options, with each type of visual servi 5 ‘b cific
purpose in the research argument. PrvIng @ specific
e ;”:E‘lej are particularly useful for summarizing data when the exact values of
he e to‘ gr;eagic;rlt;nt or :v?en t(k;ire are no clear patterns that would len;l then?
‘ resentation (Monroe et al. 1977). T: :
. o gra \ ; . ). Tables are the least “visual”
;)V Zrls;;els mspflar as they don't actually transform data into a p'1ctorialaff')trnl/'l;LCX)11
eve ,Cate ;g;tzl: iirgoangeglent fof columns and rows enables researchers to d/ispl‘:};
: rmation, facilitating compari 5
' : A parisons between gro
Is:uirs1 :rr alloxég other dimensions. Tables may be used to organize %ergsls a(s)‘rwsefltlldy
feas al;;\ 332;21'.1" algletl;e papert by S;)piller et al. (2002), reprinted in Chapter ?i
‘ , e 1 presents verbal data in two columns to facili
see ' Lp: A acilitat ari-
::Cr;rz h‘st of charactens‘tm behavmrs of the Delphic priestesses from ths fcliosrtrcl)}‘;:‘nl
o Cx(sen:t:;r}\/iacfed wath a ltlkslt of effects of ethylene inhalation documenltcead
- ience. In another paper from this stud
tables fo prosert st o ‘ is study, De Boer et al. (2001) use
‘ . pare numerical data: hydrocarbon i
dlffeéetﬁt study locaﬁons (see Tables 1 and 2, repryinted on paggea Z;g)ncentmhons *
pattemserF ?;Zii Iﬁt 1“511,‘&15 arehbetter able to highlight continuoxils trends and
. . ample, line graphs illustrate chronological t i
: . . rends well
:r\:il:;l fé)x:in‘naturally illustrate movement and diref‘cion over tim: ij?\z lu;:S lis
Burkhol‘;:r etj_ralltlgleggg)ierfsciy (gralzgr? et al. (1992) in Chapter 9 (pége 24§) fn(i
" et al. apter 10 (page 269). You'll notice in both el
graph’s x-axis represents time, measured i i o or dayar R
, mea in units such as week: d
i : . di s or days.
(1994)0E§ﬁr§ tge.se x-a,\.es with the x-axis in the bar graph Burkholderyand Rublee
{1994 inc ; : eht 1~n the}r pl'pposal in Chapter 10 (Figure 5, page 300). In this
arraiedpaio ig) thsamph.ng sites—four control sites and four discharge si.tesﬁare
armayed 2 Cng ! 3 X-axis. Each bar represents one observation (the number of
200 gar 1Faov.;ln ed at the site), rather than a sequence of observations over time
The b atgea Cph inagl;s readers to see at a glance the relative magnitude of thé
ouints 2t each site. 1 e ba.r graph presents data in discrete categories, much like a
Contr,()l u an\(/:;sua depl}ftlgn dramatizes the comparisons: similarities among
: among the discharge sites a i i iki
difference between the two Conditiori es are caslly apparent, as s the striking
G as fi in m
e dr:f()jkz garfnllzbilrid as ﬁfures in most scientific texts. Other types of figures
, cross-sections, maps, flowcharts, and various
o : aps, , and various types of -
thgr?ep;felz,rcegcg o.f which serves a d1§tmctive purpose and reﬂectsyfhe logipchgf
e research :s;g?élfggnesﬁmp(lgldlagrams are useful for highlighting struc-
: ips (Olsen and Huckin 1991 i
Rublevs Fiaumes (os ! . ), as in Burkholder and
2 (page 290), in which the authors illustrate i
gure a the many life stages
of the toxic dinoflagellate, the relationships among these stagesyin t;;ﬁ‘;:
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cycle, and interactions with other factors in the environment (finfish and
p‘hosphntes). De Boer et al. (2001) use three different types of line-drawn maps
to show Delphi’s proximity to two geologic faults (Figures 1, 2, 3; pages
326-327). In this article the maps function to locate the study site as well as to
diagram the finding of the underlying faults, thus serving as support for both
the methods and results of the study. As this example illustrates, though visuals
tend to be concentrated in results sections, they may serve important functions
in other parts of the research report as well.

Photographs and similar media are useful when observational detail of the
object is important: Warren and Marshall use electron micrographs in their
1983 Lancet letters to show the shape and location of the Campylobacter bacte-
ria they discovered (page 232); Chambers et al. (2007) present Landsat satel-
lite images that they used to demonstrate changes in biomass along the
Louisiana~Mississippi state line after Hurricane Katrina (page 381); and
Reynolds et al. (2007b) merged three different types of X-ray images from the
Chandra observatory to create a striking image of the Kepler remnant that en-
abled analysis of this supernova’s origins. In these last two cases in particular,
the visual images quickly came to represent the findings and were widely cir-
culated. The Kepler image was featured as NASA’s “Astronomy Picture of the
Day,” a research announcement of sorts that consists of little more than the
visual itself (http://antwrp.gsic.nasa.gov/apod/ap070116.html). Color is a
significant feature of both the Kepler and the Katrina images that we are unfor-
tunately unable to reproduce in the reprints in this text. If you access these arti-
cles (or the surrounding press coverage) online, you will see that color plays an
important informational role in these images. In the Kepler visual, images from
fow-, medium-, and high-energy X-rays are represented in red, green, and blue
respectively. Chambers et al.’s Landsat photos use a spectrum of colors to indi-
cate the extent of biomass disturbance in locations that experienced different
storm intensities. Both types of visuals are characteristic of their fields.
(Chambers’s use of before-and-after satellite imagery to study deforestation
was a novel application of a method developed to study logging in the Amazon
River basin [Kaufman 2007].)

As you examine research arguments in your own field, notice what types
of nonverbal representations have become conventional. In addition to the
types of visuals we've sampled here, consider other forms of modeling or
numerical representation. For example, papers in organic chemistry rely heav-
ily on diagrams of molecular models, whereas modeling studies in physics
often include mathematical equations and formulae. Advances in digital tech-
nologies have considerably eased the challenge of incorporating visual and
mathematical evidence into a research argument, and you will want to
familiarize yourself with the technologies that your field relies upon.

Guidelines for designing figures and tables can be found in style manuals such
as the CSE manual for authors (2006), in writing guides and textbooks (M. Katz 2006;
Pechenik 2007; Day and Gastel 2006), and in the instructions to authors pub!islwd by
individual journals, particularly in fields that rely heavily on specialized types of -
visuals. For example, the journal Poultry Science provides guidelines for authors
preparing tables, line art, grayscale (black and white) figures, color figures, and
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photomicrographs (Poultry Science 2008). These vari
: Poul . ed sources 2
following general guidelines for preparing visuals: wrees al

agree on the

® Each table or figure must be independent, that is - 3 :
should .be able to understand th;t kind of infor;rsl:ltio?li:;la;:ixeﬁe'adgS
;ﬂ)let }\:Ylthout having to find the description in the text. e
For this reason, table titles (which appear above th
mfolrlmative as possible: not “Table 1. 1I:){Ee)zsults” or ”Tailteatl)%el)"oi}il(? Lfl\l?tlaet -
put Tab.le 1. Toxic activity of purified PfTx extract from filtrate of Pfieste}r/;‘a
1solafes in FMAs with larval C. variegatus, and cytoxicity to mammalian
cells (B.urkholder et al. 2005; see page 309). Titles should identify the vari-
ables bemAg compared in the table. All labels in the table (column headings
. g.)w‘ headm.gs, notes, gtc.) should be clear and brief. ’
1m11ar}y, figure captions (which appear below the figure) should be as in-
formative as possible: not “Figure 2. Ejecta spectra” but “Figure 2. Spectra
of three outer k.nots shown in Fig. 1. ..." [followed by descriptions of the
color and location of each knot’s spectrum in the figure] (Reynolds et al
2007?; see page 373 for the full caption). Symbols should be clearly iden‘ti-.
. fied in the ca.ptu')n or in a key; axes on graphs should be clearly labeled.
Desplte their independent status, figures and tables must also be
interdependent with the text. The visual and verbal presentations of r;
sults must work together. Visuals should be clearly referred to in the text,

as discussed above, and they sh i
2 y should appear in the text
textual reference as possible. o 78 close to the

Ke;ep inmind that even though graphics are intended to be self-explanatory, reader
will not know what you find interesting or noteworthy in the table or figu};/e unlesz
Z?SL:, ;3111 t;xrem. E\’lﬁether ?/our dat.a are presented graphically or discursively, that s,
v bas};d ' r\f}r aily, be sure to highlight the trends you see and explain what they
It is conventional in many fields to subdivide i ighli
the giifferent types of analyses reported, as in Burtl}:lf&?etfttsjizogogz l;fe}::\lg}c;t
ological comparison (Chapter 10) and Chiba et al’s 2002 clinical study (Chapter 9)
As these two papers illustrate, if subheadings are used in both the methofls and
gesults sections in an article, they typically include roughly parailel categories.
b'urkholder et aAL organize both sections by detection technique (growth of micro-
1a! FOI’I’TmuI:IItIGS, SFBs (stfan.dardized fish bioassays), FMAs (fish microassays)
toxicity); Chiba et al. subdivide both sections according to the various outcome,
;neasures they use'd. (eradication of H.pylori, quality of life assessments, cost of
Aealth_ resources thtlhzed)‘ In sum, though researchers present their formall conclu-
sions in later sections of the report, a great deal of interpretation goes on in results
sections as well (Thompson 1993; Swales 2004). Summarizing, reducing, and
generalizing from the data are all highly interpretive processes. It should be/clear
by now that researchers do not let the data speak for themselves; in summarizin
their results, they also interpret them for the reader. They must };resent their datg

Cleilrly, in the te.xt_and in any accompanying tables and figures, to demonstrate to
readers that their interpretations are warranted.
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Read the introduction and methods sections (only) of the study by Graham et al.
(1992) reprinted in Chapter 9 (pages 247-250).

1. Before reading the results section, study Table 1 in this paper. What trends
do you see in these data? Draft a few sentences describing the patterns in
this table as though you were writing up these results.

2. Then study Figure 1 in the same paper, and again draft some sentences
about the patterns in the data. How would you describe the results pre-
sented in this figure?

3. Compare your descriptions with the authors’ descriptions of this table and
figure.

Look for explicit references to figures and tables in sample articles in this text and
from journals in your field.

1. Notice that the parenthetical reference to Table 2 in Example B on page
106 is different from the direct reference to Table 3 in Example C. How
common are these two “reporting formulae” in the articles you exam-
ined? Do these forms vary across fields? Across journals? Pay special
attention to the ways in which authors in your field refer to figures and
tables.

. Find 5 to 10 sample parenthetical references to figures and rewrite them as
direct references. You may find that you develop a formula of your own
for transforming these structures.

3. Describe how the raw data have been transformed in the figures or

tables you have found; that is, how have the raw data been reduced into
a summary visual form?

e

Go back to the sample articles you examined in Exercise 4.10. List the types of
graphics used in these articles, the kinds of data contained in them, and the
patterns revealed. What claim in the text does each visual support? Why were
these visual forms selected, and not others? Pay special attention to the pur-
pose of the visuals and the information contained in table titles and figure

captions.
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4.7 Discu’ss’ing Trends and Implications

As noted earlier, the discussion section of the IMRAD form completes the frame
opened in the introduction by returning to the significance argument. The
purposes of introduction and discussion sections are inversely related. Whereas
the introduction introduces the research question and reviews the state of knowl-
edge in the field that motivated the question, the discussion explains how the
question has been answered (at least in part) by the new research and shows how
the field’s knowledge is changed with the addition of this new knowledge. Thus,
the discussion describes a new state of knowledge in the field, one that in turn
motivates further research questions, which are typically highlighted in this final
section.

Structurally, the introduction and discussion are mirror images as well.
Berkenkotter and Huckin (1995) describe the introduction as proceeding “from
outside in” in that it begins by talking about the general topic and reviewing the
existing research in the field, and then it narrows to focus on the particular work
at hand. Conversely, the discussion proceeds “from inside out” by first summariz-
ing major trends in the new results and then situating those results in the context
of the field (p 41).

The new results are situated by comparing them with findings of previous
studies and with the field’s general understanding of the phenomenon under
study. This is where the researchers offer their interpretation of their findings.
They discuss how the new results extend, refine, or challenge previous findings or
assumptions (Olsen and Huckin 1991). As the editors of the British Medical Journal
(BM]J 2008) explain, a given study may have

asked and answered a new question (one whose relevance has only recently become
clear); contradicted a belief, dogma, or previous evidence; provided a new perspective on
something that is already known in general; [or] provided evidence of higher method-
ological quality for a message which is already known.

(http:/ /resources.bmj.com/bmj/authors/types-of-article/ research)

The discussion of implications must be clearly tied to the current results and
must demonstrate an awareness of the limits of those results. In sum, the discus-
sion section is the place to

B Briefly summarize the major findings, including the magnitude and direc-
tion of the effects observed (compared with what others found or com-
pared with what was predicted or might be expected).

B Acknowledge the advantages and limitations of the methods used in
the research (and comment on how these features may have influenced the
observed effects).

® Explain the implications of the findings for current practice, policy, or theory.

# Qutline the research questions that remain.

Notice that these discussion issues are interdependent. In commenting on
the magnitude and implications of the new findings and the research questions
that remain, it is important that the researchers recognize and acknowledge the
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limitations of their study. Scientists must anticipate the questions ot
researchers might have about their methods, findings, and conclusions
must answer these questions in the text before they are asked. It must be cléar t

readers that the authors have considered “rival hypotheses,” that is, po%qib](z
alternative explanations for their findings. Philosopher Stephen Toulmi;{ a;
ex‘pertl on scientific argumentation, calls these answers to potential questi,(ms
pl);cchons, and counterarguments “rebuttals” (Toulmin et al. 1984). According t\(;
Toulmin, rebuttals are the recognition of the circumstances or exceptions Ehwt
might undermine the argument of the research. S

' Rebuttals often consist of further qualifications or acknowledgments of
Ilmita.tions, exceptions, and the need for further study and rese‘arClLORebuttals
therefore are a way for a writer to verbally close 1(;opholes, seal leaks anc.i
tie up loose ends in the logic of the report. This sentence from the third i)ara—
iz;;\%[zhzgé)t;he discussion section in Graham et al. (1992) is a good example (see

ner

/\lthngh some may argue that the lack of double-blinding introduced an important
bias into our study, no objective data support such a contention, and we believe such a
scenatio extremely unlikely, especially considering the equipment now available for
studying gastroduodenal mucosa.

‘ /\?l arguments, of course, are open to rebuttal; as we discussed in Chapter 1
:'scwntlfic statements must be falsifiable to be accepted as valid. But in auticipat:
ing objections and answering them, scientists show they understand the limita-
tions of their research, the nature of research problen{s in their field, and the
expectations of their colleagues. Thus, the professional use of rebuttals is
another way scientists enhance the credibility of their research as well as thei;'
cthos as researchers. ‘

_ As is the case in other sections of the report, the emphasis in discussion sec-
tions varies somewhat across fields. It is conventional in journals in applied fields
such as the Journal of Wildlife Management, to include a separate section on man-,
agement implications after the main discussion. Similarly, discussion sections in
agricultural journals may include advice for producers on feeding practices or lit-
ter composition. Contributors to medical journals may offer recox(nmendations for
c:lnncians and/or for public health policy (see the Chiba et al. paper in Chapter 9
for an example). In these and other applied areas, the discussion section is the
place for researchers to show how their results pertain to actual practice or policy
in the field. )

In basic research areas the focus is not on practical applications but on the
theoretical or methodological implications of the new results. In their report of
the Kepler SNR discovery, for example, Reynolds et al. (2007b) explore the impli-
cations of their analyses for the field’s understanding of supernovas and of the
crrcumstellar medium (CSM), pointing out that this new information will also
enable the field to test alternative models of the nature of the CSM (pa@q
372-375). The “Discussion” section in Burkholder ot al’s mothodolmﬁc‘al‘@tui‘l\i'
(pa'gvs 307-312) also explores the implications of their results for the f(iﬁcld’x‘th(‘(;-
retical understanding, in this case of toxic Pfiesteria, but their primary goél is to
explore the methodological implications of their results. The study laimod to
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and

resolve conflicting reports in the field about Pfiesteria’s toxicity by comparing
methods used in studies with conflicting conclusions. The “Discussion” section
highlights ‘their conclusion that choice of method is critical in explaining
this variation and thus an essential consideration for further research: “As shown
by comparison of this study with refs. 21-23 and 25, recognition of variability in
toxicity expression and other traits among strains (6), use of culture conditions
conducive to toxicity expression (5, 10, 11), and appropriate assays for toxin will
remain critical in forming sound insights about toxicity of harmful algal species
and genera” (Burkholder et al. 2005; see page 312).

Thus, discussion and conclusions sections, whether combined or labeled
individually, represent the conclusion to the broader argument of the research
report. Research authors do not leave it up to readers to draw conclusions
about the data. They tell readers their conclusions, the ones the researchers
believe the data support, and they provide enough information about the
data and the conditions under which the data were generated to enable
readers to determine whether their conclusions are justified. The American
Institute of Physics (AIP 1990) describes conclusions as “convictions based on
evidence” (p 4). The discussion section is the place to state your convictions
and demonstrate how they follow from the evidence you present in other
sections of the report.

We have focused thus far on the logic and structure of the arguments pre-
sented in research reports, but it is also important to notice distinctive features
of the language in which these arguments are expressed. The persuasive and in-
terpretive nature of scientific texts can be detected even in the language of
individual sentences if we look carefully at how scientists phrase their claims and
conclusions.

In a study of scientific claims, Penrose and Fennell (1993) asked experienced
scientists from a variety of fields to complete sentences like the following”:

Thesedata__ that the minimal response rate of interest should be .15.

Resultsof thisstudy _—__ that significant genetic divergence has occurred
among geographically separated groups of raccoons.

The verbs suggest, indicate, show, and demonstrate were the most common re-
sponses from these experts, regardless of field. The finding that responses from
these individuals were fairly uniform indicates that these terms are conventional
across disciplines and are not unique to writing in, say, geology or botany. Notice
that we've used one of these conventional verbs, indicates, in the preceding sen-
tence to signal our interpretation of Penrose and Fennell’s results. The sentence
tells you that from the responses of these individual scientists we are generalizing
about scientific discourse at large.

When we say that verbs like suggest and indicate are “conventional” in sci-
entific discourse, we mean that they are commonly used constructions that
carry particular, agreed-upon meanings in the community. These conventions
enable scientists to make claims within the established parameters of

9Sentences from Sylvester (1988, p 833) and Hamilton and Kennedy (1987, p 270).
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knowledge-making in science. That is, these expressions enable a researcher to
put forth a conclusion—to contribute to the advancement of knowledge in
the field—while at the same time acknowledging that it is a conclusion—an
interpretation of the facts and not a fact itself. Use of these tentative or
hedging verbs signals to other scientist readers that this author is aware of
the interpretive nature of scientific knowledge and that the claim is to be
interpreted as “true” only within the boundaries of current knowledge
and conditions (Hyland 1996; Gross et al. 2002). In examining research texts in
psychology, Madigan et al. {1995) observed that hedged conclusions may be
more convincing than more strongly worded claims because they convey
“proper respect for the empirical process” (p 432). In addition to enhancing
author credibility, there is some evidence to suggest that the inclusion
of appropriate hedges helps readers comprehend the text (Crismore and
VandeKopple 1988).

Scientists also use other kinds of hedges or qualifiers to convey the interpre-
tive nature of their claims. Adverbs and adverbial phrases are often used to note
limitations or special conditions; examples include possibly, probably, very likely,
necessarily, certainly, without doubt, presuntably, i all probability, hypothetically,
maybe, so far as the eoidence suggests, and as far as we can determine (Toulmin et al.
1984). Such qualifiers indicate the strength or extent of the claim being made, as in
the following examples from the start of the “Discussion and Conclusions”
section of the 2007 Reynolds et al. report (emphasis ours):

We believe that X-ray and optical evidence points compellingly to the conclusion that
Kepler resulted from a thermonuclear event.

However, our deep Chandra observations also confirm that Kepler’s blast wave is
encountering material with at least solar metallicity, coincident with optically
emitting N-enhanced material—imost likely circumstellar matevial lost by a fairly
massive star...

In addition to verbs and adverbs, a third type of qualifier is the modal aux-
iiary verb (Toulmin et al. 1984). Verbs like may, might, would, could, should,
wiust, can, and shall are used to indicate qualitying conditions, as in the follow-
ing examples:

Given its broad temperature and salinity tolerance, and its stimulation by phosphate

enrichment, this toxic phytoplankter may be a widespread but undetected source of

fish mortality in nutrient-enviched estuaries. (Burkholder et al. 1992)

The stomach nust not be viewed as a sterile organ with no permanent flora. (Warren

and Marshall 1983)

Hedging verbs, adverbs, and modal auxiliary verbs can and do occur any-
where in a scientific text where researchers need to qualify or limit their claims.!®
Ina sense, then, qualifiers are related to rebuttals insofar as scientists use them to
acknowledge the limitations of their work and to anticipate and head off ques-
tions and counterarguments that readers might pose. These linguistic devices
thus reflect the interpretive and interactive nature of knowledge-building in

HSee Hyland (1996) for a detailed analysis of these and other forms of hedging.
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science. As you join the community of scientists, you are acquiring knowledge
of both the logic of scientific arguments and the language in which that logic is
expressed.

The Graham et al. (1992) report contains several rebuttals in the last two paragraphs
of the discussion, leading up to the final recommendation supporting Marshall’s
ulcer therapy (see page 250). What rebuttals have the authors included? What coun-
terarguments are these rebuttals to? Why do you think the authors felt they had to
include these rebuttals in their report? It may be useful to know that Graham was a
former opponent of Marshall’s treatment.

1. Analyze the discussion and conclusion sections of. three or more full-
length research reports from journals in your field (mclude' any separate
sections describing recommendations or management implications).
List the types of discussion issues raised in these sections. Use the cate-
gories listed in this section as a guide (summary of result.s; advantages
and limitations of methods; implications for practice, policy, or theory;
remaining questions), but be prepared to expand the 1i§t or create sub-
categories as necessary to best describe the kinds of issues raised in
your field. ‘ .

2. In groups of three or four students from different fields, compare lists and
prepare to discuss similarities and differences across these research areas.
How do these similarities and differences reflect the nature of research in
these fields?

1. In the “fill-in-the-blank” study mentioned above, Penrose and Fennel‘l (1993)
found that first-year students and non-science major.s were more likely to
supply the word prove in these sentences than were science majors or expert
scientists. Why is this usage less conventional among scxentl.sts? What is the
difference between suggest and prove in these types of scientific claims?

2. Another unconventional choice some students made in this study was to
use words like conclude or hypothesize in the sample sentences. What is un-
conventional about these choices? How does conclude differ from suggest
or indicate in the context of these sentences? How might you revise these
sentences to make conclude an acceptable option?
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Examine the discussion and conclusions section(s) of a research report from your
field or one of the sample articles in this text, for example, Chiba et al. ("00:2) in
Sl . C o N . N ~ 3 H Ny

Chapter 9, or Etiope et al. (2006) in Chapter 11. Look for instances of hedging in
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the text, particularly the three categories of qualifiers described above: verbs, ad.
verbs, and modal auxiliary verbs. Look for other hcdging devices as wel Would
you propose any additionat categories? What purposes do the hedges serve? How
common are they in the sample articles you've chosen? Compare
»Nwth those of stuqents examining other fields. Do you see any
fields in the use of hedges?

your findings
differences across

The original title of the Burkholder team'’s letter to Nature (1992) was “New ‘phan-
tom’ dinoﬂagcllate is implicated as the causative agent of major estuarine fish
kills.” This title was shortened during the publication process (see page 2(ié)
much to Dr. Burkholder’s dismay. What is the effect of the title change, and V\;h\:
do you think Burkholder was dismayed? o ’

4.8 The Research Report Abstract

The abstract is a summary of a document’s major points, typically appearing at
lthe start of the journal article, and, as we saw in Chapter 2,/ accessible via onfino
indexes and abstract databases. Along with the title of the report, the abstract
helps readers decide whether the paper is pertinent to their research interests. The
Council of Science Editors (CSE 2006) explains that “[blecause abstracts also‘
appear in abstract journals and online databases, separated from the articles they
describe, abstracts should be complete and understandable unto thcm@cl\'es:
without reference to the full article” (p 460). The abstract therefore must 1'ep‘rescx&g
the full argument contained in the report: the topic and purpose of the studvbthe
methods used, the results obtained, and the conclusions drawn from those rofs/ults.
However, this argument must be outlined in extremely condensed form, usuall
only about 5 percent of the length of the full paper (AIP 1990). /
_(wlven its role in representing a larger document, the abstract can be de-
scribed as a “contingent” genre: its content

34

and form are contingent on the con-
tent and organizational logic of the document being abstracted. We will talk
abogt research report abstracts in this chapter and will provide guidelines for the
conference presentation abstract in Chapter 6 and the research })mposa[ abstract
lm Chapter 7I Abstracts will vary considerably within these categories dS.WO“
wwever, reflecting variations in purpose ; jic across research fields, jour-
nals, and articles. iome journal:1 ;rl(')‘ti:"lztfi‘r‘iﬂl;‘&r“‘st‘;f’yilf‘»*.e(“d‘ h(*‘k‘ib,‘ JOU’“

E e guiaekines for the abstract that
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embody the standard research logic of their respective fields. Annals of Internal
Medicine, for example, requires authors of research articles to follow a structured
format.for the abstract, as illustrated in the paper by Graham et al. (1992) in
Chapter 9 (see page 247). This type of structure—in this case with separate
sections for the study’s objective, design, setting, participants, intervention,
measurements, results, and conclusions!!—is used in other journals reporting
clinical trials as well. (See Chiba et al. [2002], on page 251, for an illustration of
the British Medical Journal’s very similar form.)

Many journals, however, specify only a maximum length for the abstract
(typically 150 to 250 words) and leave its structure up to the author. Because the
abstract mimics the form and logic of the full report, the structure should be rel-
atively straightforward. If the report follows the IMRAD form, the abstract is
likely to include four basic moves representing the major parts of this pattern,
and verb tense will shift accordingly (Olsen and Huckin 1991): the topic will be
introduced in present tense, usually in a sentence or two; the background
and/or need for the study will be outlined in another few sentences (but typi-
cally without references to prior studies [CSE 2006]); methods and results will
be briefly described in past tense; and the major conclusions and implications of
the study will be stated in present tense. Abstracts for IMRAD articles can be
easily generated using this four-part structure. (See the Knutson et al. abstract in
Chapter 13 for an example.)

If the report follows a logic other than the IMRAD pattern, however, the
structure of the abstract will vary accordingly. For example, the abstract for Spiller
et al.’s (2002) Clinical Toxicology paper defending the gaseous vent theory of the
Delphic oracle (see page 330) begins with one sentence summarizing the historical
claim that intoxicating gases inspired the oracle, followed by three sentences sum-
marizing the geological and chemical evidence that supports this claim. The fifth
and final sentence states the authors’ conclusion that the priestess’s trance was
caused by ethylene inhalation. Thus, the abstract encapsulates the line of
reasoning followed in this particular article.

The IMRAD and non-IMRAD samples mentioned above are all examples of
informative abstracts, that is, abstracts that summarize the information in the
larger text. This type is distinguished from the descriptive or indicative abstract
often adopted for research reviews (Olsen and Huckin 1991; CSE 2006) and
conference proposals. Indicative abstracts indicate what kinds of information will
be contained in the paper, rather than providing a summary of that information.
An example from the Journal of Computational and Graphical Statistics is presented
in Figure 4.5. As this example illustrates, the descriptive approach is particularly
appropriate when describing research involving mathematical procedures or
models, which cannot be presented in condensed form. Rather than attempting to
abbreviate these models, the authors in Figure 4.5 preview the basic steps or com-
ponents of their model, telling readers what will be demonstrated in the paper.
(Notice that this indicative approach previews the content of the paper in much

"The full Annals guidelines now also include an initial “background” section and a “limitations” sec-
tion following results (http: //www.annals.org/shared /author_info.html).
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Calculation of Posterior BOUﬂdS ;r:educed to a fractional programming probiery,
. . s rom the unifying perspective of fractional pr .
Given Convex S‘:'ts (?f Prior Pl'Ob'abl“ty gramming, Lavine’s algorithm is derived fro?n
Measures and Likelihood Functions Dinkelbach's  algorithm, and the White-Snoy
algorithm is shown to be similar to the Charnes.

Cooper transformation. From this analysis, g

Write a 100- to 150-word informative abstract for the research report by Chambers
et al. (2007), reprinted on page 381.

Abstract novel algorithm for expectation bounds is de-

‘ _ . rived. This algorithm provides a complete solutig H
This article presents alternatives and improve- for the calculation of expectation bounds fron'11 4.9 Brief Report Genres: Research Letters and Notes
”;enjls :0 L?;,’":ff algolnthm{ eurrently the most  priors and likelihood functions specified as cop- o —
pegta:onmlfou?ads ?rdca cglz;)tlon of posterior ex- vex sets of measures. This novel algorithm is then In addition to the full-length research report, many journals publish brief
r?weasures First merlhuge . y sets of P.FO'babI“?y extended tplhandle the situation where severaj in- reports in the form of letters or fotes, an increasingly common set of genres
and Walley' nd Wf?' S from PrObab'{'St'C logic dependent identically distributed measurements designed to enable researchers to make quick announcements of important
reviewed ;/nsd agompargz.stgotvaiir?e!’gsorglgrgjman:e ars; availablek Exatnr:ptles eflre analyzed through a findings to the relevant scientific communities. The Burkholder team’s origi-

A . Soitware package that performs robust inferen i jesteria findi e

Second, the calculation of posterior bounds is and that is publigcly available. oo e hmouncement of their Pfiesteria (ifings was presented as a reseatch

letter in Nature. According to Nature’s Guide to Authors (2008a), letters are
“short reports of original research focused on an outstanding finding whose
importance means that it will be of interest to scientists in other fields.”
Chambers et al.’s one-page report on Katrina’s effect on Louisiana forests
(Chapter 13) is an example of an even more abbreviated genre; it appeared in
the “brevia” section of Science, another interdisciplinary journal that, like
Nature, offers these briefer forms especially for findings of interest to scien-

FIGURE 4.5 Sample descriptive abstract from the Journal of Computational and Graphical Statistics (Cozman 1999).

the Same way as the previewing strategy that Swales found to be common in in-
troductions to non-IMRAD articles [Figure 4.3])

The indigative abstract is less appropriate for reports of experimental re- tists in a wide range of fields: ”Interdisciplinary work, or experiments or
search, for t‘hxs approach provides little information about the study itself or its ~ analyses that produce a result of general interest, are especially appropriate
results and is therﬁore less useful to readers (Olsen and Huckin 1983). For exam- for this section” (Science 2008). Other journals solicit similar types of articles.
ple, compare the following hypothetical indicative abstract with the informative Analytical Chemistry (2007) publishes “Correspondence” (“brief disclosure[s]
abstgalct that aqompanies Graham et al.’s (1992) paper in the Annals of Internal of new analytical concepts of unusual significance”) and “Technical Notes”
Medicine, contained in Chapter 9 (page 247): - (“brief descriptions of novel apparatus or techniques”). The journal Physical

Review Letters is devoted exclusively to “providing rapid publication of short

The purpose of this veport is to determine the effect of treating Helicobacter pylori infec- reports of significant fundamental research in all fields of physics” (PRL
] <

tion on the recurrence of gastric and duodenal ulcer disease. Results of a clinical study

of recent ulcer patients under two treatments are reported. 2008). Many of these genres have evolved from earlier, less formal forms:
) . Physical Review Letters essentially began as a “Letters to the Editor” section in
] Though this hypothetical abstract does provide a general outline of the journal Physical Review (Blakeslee 1994).

(n:ah_am’s study, it withholds critical information that the clinical audience of In most Caées, research letters undergo an expedited review and publication
this journal would be interested in, namely the types of treatment testod and process designed to enable researchers to communicate important findings as
the Outcomgs of the tests. Given the type of research being reported, the quickly as possible. The Astrophysical Journal, for example, publishes Astrophysical
extended informative abstract that this journal requires is much better suited to Journal Letters as Part 2 of the joixrnal. The Letters is described as “a peer-reviewed
its readers” needs. express scientific journal” (Astrophysical Journal Letters 2008). Letters articles

first appear on a Rapid Release website sponsored by the journal’s publisher,
University of Chicago Press. They then appear with a complete electronic issue of
the journal and only later in a print version along with Part 1, which is published
three times a month. Reynolds et al. announced their Kepler discovery in a 2007
letter in this journal (pages 372-375). Though limited to four pages in length,
the letters are not governed by any special organizational constraints and may
be similar in form to Part 1 articles, which may run up to 20 pages. Letters are
distinguished from full articles primarily by their urgency—their rhetorical
exigence. In addition to satisfying the evaluative criteria established for Part 1

Read the abstracts for the papers by Burkholder et al. (2005) in Chapter 10 (pages
307-312) and De Boer et al. (2001) in Chapter 11 (pages 326-329). Identify oacl; as
an informative or an indicative abstract. [dentify the major moves in the abstract
and corresponding verb tense shifts.
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articles, Ap./. letters must meet two further requirements, timeliness and brevity,
which the editors describe as follows:

Timeliness—A Letter should have a significant impact on the research of a
number of other investigators or be of special current interest in astro-
physics. Permanent, long-range value is less essential. A Letter can be
more speculative and less rigorous than an article for Part 1 but should
meet the same high standard of quality.

Brevity—A Letter must be concise and to the point and require no more than
4 journal pages.... Within this space limitation, sufficient introductory
background material should be included, and the content of the paper should
be such that it can be generally understood by scientists who are not special-
ists in the particular field, (http:// wwwijournals.uchicago.edu/ page/apjl/
criteria.html)

Though the brief report category includes forms serving a variety of
purposes, from presenting preliminary results, to introducing significant analyti-
cal concepts, to describing new techniques, research letters age typicaily used to
present innovative research or to announce povel findings. Watson and Crick’s
1953 letter to Nature on the double helix structure of DNA is a case in point, as is
the Burkholder team’s letter in the same prestigious journal. Marshall and Warren
initially reported the presence of bacteria in the stomach in joint letters to the
Lancet (Warren and Marshall 1983; sce pages 231-233). Notice that neither the di-
noflagellate, P. piscicida, nor the “ulcer-causing” bacterium, H. pylori, had yet been
named at the time the Burkholder and the Marshall and Warren letters were pub-
lished, indicative of the early stage at which these reports appeared. Both might
be considered cases of “revolutionary” or extraordinary science (Toulmin et al.
1984; Kuhn 1996). That is, both research teams were reporting findings that, if fur-
ther supported, could significantly alter basic knowledge paradigms in their re-
spective fields: the Burkholder team described a new family, genus, and species of
algae that evidenced predatory behavior and was found to be responsible for nu-
merous previously unexplained fish kills; Marshall and Warren described a bac-
terium that not only was found to live in the supposedly sterile environment of
the stomach but also was potentially linked to illnesses the field firmly believed to
be caused by psychological rather than physical factors. In both cases, these early
announcements were (and continue to be) followed by a wealth of further re-
search in which these preliminary findings are tested and extended.

In contrast to fult-length reports, which can run 3000-6000 words, research
letters and notes are quite restricted, at least in their print versions. Science brevia
can be no more than 800 words (including author names and references) and may
include one figure or table. Natirre limits letters to 1500 words and 30 references
(contrasted with the 50 references allowed in full-tength reports). Electronic publi-
cation has enabled both journals to expand these limits online, however, as
authors are permitted to link supporting material to the online version of their
articles. For example, Chambers ot al, (2007) posted eight pages of Supporting
Online Material for their Scienee brevia piece, including a three-page Materials
and Methods section, two figures, a table, and four additional references. Consis-
tent with the trend reported earlier toward deemphasizing methods in research
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reports, both Nature and Science recommend moving some methods information
i ese supplements.

mtog\ggceesugxz neither the Chambers nor the Burkholder letter uses subheadi{mgs,
but both articles include all the standard components of the IMRAD format, a]be}t in
much less elaborated form. As indicated in the Astrophysical .[ournal’s guidelines
above, brief reports tend to follow the same logic and orgapizatlor/l as full-length re-
ports in a given research discipline. One interesting variation we’ve come across is
in the abstract, an element that some journals have adjusted in .keepmg wuh the
emphasis on brevity in the letter genre. Nature and its affiliated journals require a
standard 150-word abstract for their full-length articles but have adopted a different
convention for their shorter research letters. Letters are to inglude a 200-word sum-
mary paragraph at the start of the article in lieu of a conventional abstract. Though
this paragraph is to include all the standard abstract components (background,.ratlo~
nale, main results, implications), it is to be “fully referenced” and should function as
part of the main text, not as a separate element (Nature 2008a). The K.nutson‘ etal. let-
ter abstract from Nature Geoscience in Chapter 13 is an example, as is thg first para-
graph of the Burkholder et al. Nature letter. This ‘mtrodgetory paragragh is then also
reproduced as the letter’s abstract online, so it must include a preview Qf results
and conclusions, elements that are usually optional in research report mtrod.uc—
tions (review Move 3 in Figure 4.3). Nature provide§ an a.rmota.ted illustration
of their requirements for this summary paragraph in their guide to authors:
www.nature.com/nature/authors/ gta/Letter_bold_para.doc. -

In a study of the journal Physical Review Letters, Blalfeslee (1994) points out that
the brevity of these reports may make it difficult for reviewers to evalLilate the qual-
ity of the science being reported, and indeed the letters forum allows little room for
the types of evidence we expect to find in full-length %‘esearch arguments. Nor does
it allow for detailed explanations of unexpected findings or exltenswe rebutta_.ls (as
illustrated by the responses elicited by Fleisclmann and Ppns s letter [19&9] in the
Journal of Electroanalytical Chemistry, announcing the creation of cold fusion). 1The
letters genre is well suited, however, for presenting quick reports of new develop-
ments and recent observations, as the letters by Warren and Marshall and by
the Burkholder, Chambers, and Reynolds teams illustrate. Letters often have
something of a journalistic flavor when compared with the more formal full-.length
research report, consistent with the broader audience of this genre and with the
function of presenting “cutting-edge” research (Blakeslee 1994).

Look for the basic IMRAD elements in the Burkholder team’s letter to Naiure
(Chapter 10). In what ways does this short report follow the IMRAD pattern? In
what ways does it deviate from this pattern? Where are the basic resgarch re\por‘t
moves made (introducing the problem, describing mgthods, reporting rf.ssult.s,,
drawing conclusions)? Notice that table and figure captions are quite lopg {11 thlcsl
report. What kind of information is contained in table and figure captions, an
why is it there?
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4.10 How Scientists Write Reports

The order in which report sections are written is rarely the same as the order in
which they appear in the finished text. Your abstract is the first thing readers will
see, but you won't be able to write it until you've at least sketched out the main
body of your text. Perhaps you'll sketch out your methods section first, while
specific details and decisions are still fresh; or you may begin by constructing the ta-
bles and figures you will use to present your results, filling them in as the data are
generated and analyzed (Monroe et al. 1977). As noted earlier, your graphics repre-
sent the logic of your research design; the form of your tables and figures is likely to
be determined long before you begin to write. LabWrite (2004), an online guide to
writing lab reports, suggests writing methods and results first and then moving
on to the intro and discussion sections (htfp://WW\'\’.HCSU.QdLl/lab\r\’l‘itt‘/po/
po-homepage.htm).

As is the case with many types of writing, the introduction to the research re-
port is often revised throughout the drafting process; some authors even write it
Jast. The focus and argument of the introduction depend in part on the outcome
of the study. For example, a team of researchers may discover that their findings
raise questions they did not expect to be important, and thus the study makes a
somewhat different contribution to the field than they had anticipated. The intro-
duction needs to prepare readers for this contribution so that it is recognized and
appreciated as important. Even though the purpose and design of the study have
not changed, the researchers will need to adjust their review of background issues
and research to establish a context for later commenting on these new questions.
In short, you may not be able to finalize your introduction until you've thought
about the implications you want to raise in the discussion section.

Writing a report is thus a recursive process in which authors continuously re-
visit and rethink their earlier arguments in fight of their results and further think-
ing. In a study of the composing processes of nine eminent biochemists, Rymer
(1988) found they employed a wide range of writing strategies and styles. Some
subjects reported that they typically spend a great deal of time planning and out-
lining before drafting sections of the text, whereas others begin by writing a full
“impressionistic” draft of the whole paper, refining it in later stages of the process.
Most scientists use a combination of these approaches, adjusting their processes
according to the type of research they’re reporting, their familiarity with the prior
research and the target journal audience, the amount of time they have available,
and so forth.

The number of authors involved in a project also influences the structure of
the writing process. As we've discussed, collaborative projects are increasingly
the norm in most scientific fields. The average number of authors per article in the
New England Journal of Medicine (NEJM), for example, increased from one in 1925
to about six in 1995 (NAS 1995, p 13), by which time NEJM had instituted a cap of
12 authors per article (Kassirer and Angell 1991). In July 2002, NEJM's editors
lifted the cap, allowing the number of authors to continue to increase. The editors
explain that as medical rescarch has advanced, “investigators with a broader
range of skills than were required in the past are often needed to take new ideas
from the bench to the bedside and to conduct large clinical trials” (Drazen and
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Curfmm 2002). This trend in multiple authorship has been a matter of some d
bate in science and in academia at large, for it raises issues of professional eetl s
and responsibility, as we discussed in Chapter 3. e

Research teams manage the writing process in a variety of ways. In some
teams, one author drafts the entire paper and sends it around to otherg for their
comments and revisions. In fact, this is a common teaching model. Blakeslee
(2091) observed a physics research team in which a graduate student learned to
write papers by taking responsibility for the team’s initial drafts, revising multi-
ple drafts in response to his adviser’s feedback. In other working groups, differ-
ent members of the team may draft different sections according to theirl role in
the research; for example, those who carried out the procedures and collected the
date} will draft the methods and results sections pertaining to their parts of the
project, while the project leader who initially conceptualized the study will write
the initial draft of the introduction and discussion (Rymer 1988). As discussed in
Chapter 2, new digital technologies facilitate collaboration across time and dis-
tance, but this “distanced” collaboration may place higher demands on authors’
project management skills and interpersonal relations.

If you completed the interview assignment in Chapter 1, you no doubt dis-
covered that scientists spend a great deal of time writing, revising, and polishing
papers before submitting them for journal review. The physics team studied b
Blakeslee (2001) generated 21 drafts of their paper over a five-month period. On}v;
of Rymer’s biochemists described a “predrafting” stage lasting approximately
three years, during which the study was conceived and carried out and the post-
doctoral fellows on the project drafted figures and tables as well as the methods
and results sections. Once the lab work and analysis were completed, the project
leader drafted and revised the introduction and discussion sections oxlzer a period
of two weeks and then spent another two months pulling the manuscript to-
gether, which included revising the methods and results sections provided by the
postdocs and soliciting feedback on the draft from colleagues (Rymer 1988).

Clearly, the form of the final written product tells us little about the process
thr.oggh which that text came to be. Unlike the conventions of the written report
writing processes seem to be governed not by field-specific convention but by thé
habits, skills, and preferences of the individuals who make up the research team.

4.11 How Scientists Read Reports

It should be clear from this chapter that the written reports themselves are
govgmed by the conventions of their respective research fields and by the con-
ventional practices of journals within fields. You’ll recall that “conventional”
practices are those that are customary in a community and thus familiar to all
{ne.rr}bers. Readers in a community use their knowledge of these conventions to
facilitate the reading and interpretation of the written texts those conventions
govern. Thus, readers familiar with the IMRAD form will know where to find
the results in a report quickly, where to look for the authors’ interpretations of
the results, and so forth. They will not need to read a paper from start to finish in
order to discover what kind of research was conducted and what was found.
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In fact, although editors and reviewers may take the time to read a paper
from start to finish, scientists reading for their own purposes are far less likely to
do so (Burrough-Boenisch 1999). Few scientists have the time or the inclination to
read journal articles in their entirety in the order in which they appear in print
(Bazerman 1985; Berkenkotter and Huckin 1995). Readers rely heavily on the titleg
and abstracts of published reports, not only to help them decide whether to reaq
the paper but also to help them quickly learn the key features of the study. They
then can turn immediately to pertinent sections of the report for the information
they are most interested in. From consultations with researchers in physics and
biology, Berkenkotter and Huckin (1995) determined that readers typically began
by scanning the title and abstract of an article and then looking for the data, focus-
ing on the tables and graphs in which the data are summarized. Only after exam-
ining the data themselves did these scientists read the results section provided by
the authors. The rest of the reading process was quite variable; readers selectivul.y
read or skimmed the introduction, methods, and discussion sections, depending
on how much they already knew about the topic, the methodological approach
used, and the results of prior studies, and depending on their familiarity with
other work of the authors. In an earlier study of physicists, Bazerman (1985)
found similar variation in reading strategies. On some occasions readers would
read an article’s introduction and conclusion to get a sense of the focus of the
study for future reference, skipping over details of methods and results; but in
other contexts, as when reading a paper on a very familiar topic, the same readers
might invert this pattern, ignoring the contextual information in the introduction
and conclusion and concentrating instead on methodological details, calculations,
and results. As we've discussed, readers of online journals may need to follow
links to supplemental materials if they are interested in full details of materials
and methods or additional results, an option that current technologies make read-
iy available. In this sense, digital technologies have given readers even more con-
trol over, and responsibility for, their navigation of a given text.

Given these varied reading strategies, we can see why section headings,
figure captions, and clearly labeled links are important in research reports, and
why the content of titles and abstracts is critical. The final form of the report may
reflect neither the order in which it was written nor the order in which it will be
read, but it must match the expectations of readers in the research community,
who will expect to find particular kinds of information and particular parts of the
overall argument under conventional labels in predictable locations. The basic
form and logic of research reports has remained relatively consistent over the last
century, despite the many developments in technological publication and modes
of access (Mackenzie Owen 2005; Gross et al. 2002). The paper must reflect the
logic of presentation with which readers in the field have become familiar.

It's important to keep in mind that readers have expectations about the logic
within sections as well. Paul and Charney’s (1995) observations of scientists read-
ing articles on chaos theory indicated that their readers were generally familiar
with the basic introduction moves described in Section 4.3 (though they may
not be aware of this formula). When the authors had followed this pattern, these
readers used this familiar structure to help them incorporate the new work
into their current knowledge of the topic. In fact, the readers in this study—chaos
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researchers from the fields of physics, mathematics, ecology, engineering, and
meteorology—all paid more attention to the context-setting information provided
in the introduction than to the description of the new study itself. That is, the
readers’ first concern was “whether they could relate the reading to their prior
knowledge and to their own work” (p 427). In short, readers expect to find these
connections in the introduction, and authors must take care to provide them.

This discussion has implied that readers are active participants in the genera-
tion of knowledge through text. Scientists don’t just gather facts when they read;
they interpret those facts and carefully consider the interpretations proposed
by the authors. They pay attention to how the authors designed and conducted
the study, the conditions under which the work took place, and the operating
assumptions underlying both the design of the project and the interpretation of
its results. In other words, research readers are cautious consumers. Readers
continually weigh the merits of the research and of the written argument as they
read. The outcome of this evaluation process determines whether they accept
the research as sound and important. And of course, current technologies provide
forums for readers to take their active participation a step further, by posting their
individual readings—their interpretations and evaluations—for others to see via
blogs and other post-publication commenting features (Casper 2008).

4.12 How Reviewers Evaluate Reports

In the manuscript review system, the process of weighing the merits of research be-
comes more formal and explicit. Editors and reviewers must evaluate the merits of
the research not just for their own edification but for other members of the field as
well. They are making the decision of whether to read or not to read on behalf of the
larger community; the outcome of their deliberations determines whether the wider
community gets to see the paper at all. As we discussed in Chapter 1, the peer-
review process is the mechanism by which the scientific community monitors the
integrity of its work—in effect, “filters” the work of individuals. Despite the
concerns we explored in Chapter 3, the peer-review system remains a formidable
structure, theoretically enabling the “volatile microcosm of individual scientists” to
contribute to the “stable macrocosm of the scientific enterprise” (NAS 1989, p 10).

The logistics of the peer-review (or “peer-referee”) system are relatively
straightforward. Most journals publish their procedures and at least a tentative
timetable in their instructions for authors. Authors submitting their work to
Nature, for example, are told that the paper is first reviewed by a member of
the editorial staff, who decides whether the research will be of significant
interest to Nature’s interdisciplinary audience (Nature 2008c). If the paper does
not pass this initial assessment, the authors are notified immediately, usually
within a week. Papers that do pass then qualify for peer review and are
reviewed by two or more referees, who are chosen on the basis of their
expertise in the area, their lack of connection to the authors, and their availabil-
ity to complete the review in a specified time period. Reviewers submit their
reviews using an online manuscript tracking system. Once the reviews are
received, the editor makes a decision on the basis of their advice, choosing one
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of four options: (1) accept (sometimes with editorial revisions); (2) invite ay.
thors to revise to address specific concerns before a decision is made; (3) reject,
but invite authors to resubmit after completing further work; (4) reject
outright (http://www.nature.com/authors/editorial_policies/peer_review.htm;
see this website for further information about Nature's review process.)

The vast majority of scientific papers undergo significant revision in response
to peer review. At the Astrophysical Journal "fewer than 3% of reviewers’ reports
recommend acceptance... without significant revision” (http://www.journals.
uchicago.edu/page/apj/ guide-ed.html). Such a figure testifies to the extent of the
scientific community’s reliance on the peer-review system as a critical component
of the scientific writing process. The elaborate editorial systems in place at Natiure,
Astrophysical Journal, and other prestigious journals suggest that it will likely
remain so (e.g., see Harnad 1990).

There is a fair amount of consensus among journal editors and reviewers
about what constitutes a publishable paper. Recall from the start of this chapter
that journals clearly identify their target audience and the research areas they are
interested in. It follows, then, that the minimum requirement for any paper is that
it be of clear interest and importance to the readers of the journal to which it is
submitted. Indeed, journal editors report that “suitability for the journal” is the
primary concern when deciding whether to accept or reject a paper (Huler 1990).
Lack of suitability is the most commonly cited reason for rejection of a manuscript
(Davis 1985, cited in Olsen and Huckin 1991). Many journals, such as Nature and
Astrophysical Journal, make the suitability assessment in the first stage of review.

You cannot begin to write a research report, then, until you've decided which
journal audience you would like to reach. You can’t develop a persuasive argu-
ment for the significance of your research without thorough knowledge of whom
you're trying to persuade. In addition, the choice of journal dictates certain matters
of presentation, from the ptirpose and organization of the article to, in some cases,
details of style and formatting. Thus, prospective authors must understand not
only the audience of the journal but also the nature of the communicative forum(s)
the journal represents (Benson 1998) in order to write a paper that will be deemed
appropriate for the journal and its audience. With the enormous number of papers
competing for space in scientific journals (the British Medical Journal publishes only
about 7 percent of the 7000-8000 manuscripts it receives per year [BM] 2008);
Nature’s rate is 10 percent [Natire 2008b]), there is no room tor papers that do not
specifically address the interests of the journal’s target audience and meet the
expectations of its editors. (Lest new researchers despair, we point out that accep-
tance rates vary a great deal. The Astrophysical Journal (2008) reports an overall
acceptance rate of 78 percent, though as noted above, all but 3 percent of articles
undergo extensive revision.)

The following list of review criteria from the journal Phytopathology (2008;
http:/ /www.apsnet.org/phyto/submit.asp) provides a good summary of the fea-
tures that reviewers are asked to evaluate and thus a good checklist for writers of
research reports:

B Importance of the research

B Originality of the work

B Analysis of previous literature
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Appropriateness of the approach and experimental design
Adequacy of experimental techniques

Soundness of conclusions and interpretations

Relevance of discussion

Clarity of presentation and organization of the article
Demonstration of reproducibility

Activities and Assignments

1. Select a research journal in your field, either print or electronic, for closer
study. Examine several issues of the journal, and read the instructions for
authors and other editorial information posted at the journal’s website. Write
a three- to four-page rhetorical analysis in which you discuss the following
basic elements of communication:

a. Author. Who publishes this journal? Whose research is reported there?

b. Audience. Who are the intended readers? What types or levels of expertise
do they have? Are they primarily researchers, policy makers, resource
managers, educators, or other experts?

c. Subject. What topics or kinds of topics does the journal cover? How
general or specialized are these topics?

d. Text. Describe the distinctive features of the text that helped you make
inferences about author and audience. Do the articles have a formal or
informal tone? Does the journal include more than one type of article
(e.g., reports, letters, technical notes, reviews)? If so, how do these texts
differ in style, tone, format, and purpose? (Hint: Don't overlook obvi-
ous features of the journal that might provide important information
about its primary purpose and audience: the journal’s title, institutions
represented on the editorial board, announcements and advertise-
ments, types of books reviewed, and so forth. If it is an online journal,
who has access?)

2. Write a letter to a real or a hypothetical research collaborator in which you
explain why you'd like to submit the results of your collaborative project to a
particular research journal. Assume the two of you had narrowed your choices
to two journals in the field. You've done some more investigating of the two
journals, and you're ready to argue that one rather than the other will be the
better place to report your findings. Your argument should be based on a clear
comparison of the purpose, scope, and target audiences of the two journals.'?

" 3. a. Using the IMRAD form as the organizational framework for your analysis,
analyze the organizational structure of a research report in your field. Does
this report illustrate the generic features described in Sections 4.3 through
4.7, or does it follow an alternative form? How does the form of the report
reflect the goals, objects, or methods of research in this particular field?

2We are indebted to Christina Haas for this assignment idea,




