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Introduction

Top 3 staff comments on scientific writing:

» We offer guidance on writing in class, but until students actually have a go at it themselves, it
still seems natural that they will panic.

» Overall quality of written work is often poor, which is frustrating when we can see that the
students have the necessary scientific knowledge. We can’t give full marks.

» Lab reports are the classic example of what ‘scientific writing’ means, but they make up only a
very small part of a successful scientist’s written output.

Top 3 student comments on scientific writing:

» | didn’t really enjoy English at school, so I'm not looking forward to having to write.
» The structure and format confuse me — what information should go where?
» It's hard to express complicated things clearly without just quoting from someone else.

Pick up this book if you want something designed to meet the specific needs of science
students. There are plenty of writing guides for the university audience, but most of
them cater to students who spend their whole lives writing essays: students in the arts
and the humanities. Scientific degrees don’t work that way, and scientific writing
doesn’t look the same as theirs.

This book actively works to give you an understanding of scientific writing from start
to finish, and an understanding of what your markers want. Its divided into three
sections: Understanding Scientific Writing, Preparing to Write, and Getting Down to
Writing. The sections are designed to take you through every stage of the writing
process, from understanding the assignment you’ve been set, to researching and
planning, right through to drafting and editing.

Where relevant, we’ve incorporated example scientific sentences and paragraphs to
help illustrate our points and solidify your understanding.

Our approach puts you in charge of your writing by explaining why we write in a
certain way in the sciences, instead of issuing rules and demands which might seem
arbitrary and confusing. A grasp of clear, concise writing is just as relevant and
achievable for science students as those in any other discipline. Your preference for
scientific simplicity and rigour is what makes you an ideal scientific writer, and we’'ll
show you how to capitalize on that.

As your degree goes on, you’ll spend more and more time reading scientific journal
articles to widen your knowledge. We'll show you how to put in place strategies and
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systems at the research stage to make your eventual writing much easier. You’ll also be
doing your own research in labs, so we’ll give you pointers on how to choose the best
of your practical work to put into your write-ups and dissertations. And when you’re
incorporating other people’s work, whether it’s lecture material, information from
textbooks or scientific articles, or your own conclusions, we’ll show you how to
properly cite and reference all these different sources in the same way that professional
scientists do.

We both work every day with students, from first-year to PhD level. Often, those
students come to see us when they want to improve their work, or have problems they
need to iron out. As such, we’re familiar with the type of questions you’re likely to ask.
We also work every day with staff who want to think about the best way to set
assignments for their students, or deliver effective feedback. This means we have a
good idea of where miscommunications can occur, and how to help you better
understand what your tutors want to see you demonstrate in your written work. We'll
open each chapter with a list of the top three issues from students and staff to give you
an idea of what to expect and put your own questions in context. Everything we've
written hangs around our collective experience of teaching students about writing at
degree level in the British university system.

While it is true that science students often feel anxious about their writing, we can
honestly tell you that they are also among the best writers we work with. We hope that
this book will give you the knowledge you need to feel confident about your skills as a
writer, and about your ability to express your knowledge and understanding through
your reports, essays, and dissertations.

Why you’ll enjoy scientific writing

If you're anything like most students we see, you gravitated towards the sciences in
high school because you appreciated the predictability, the rules, and the emphasis on
doing something practical. You might have been interested in discovering something
that no one has ever known before. You might just enjoy doing experiments to see
what happens. | doubt that many, if any, of you chose your science subject because
you wanted to write about it. Writing seemed like a necessary evil, and something that
was only important in the arts subjects.

English literature was the class for analysing texts and writing essays in response. It
was the subject where what you said and how you said it were equally important.
Discursive writing, critical evaluations, close readings, creative writing — these are all
things you probably would have had to do, and which you probably thought had little
relevance to the way we do science.

That perception is largely correct, but you do need to spend a little time becoming
good at the other kinds of writing we do have to do in science. The good news is that
scientific writing is easier than its artistic equivalent.

The reasons that you were attracted to science are the same reasons you’ll find the
writing quite simple to do. Do you enjoy logic? The way your academic writing should
be laid out follows a systematic pattern — introduction, methodology, what you find,
and then what this means. To deviate from that order would be to break the chain of
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logical causality (that is, putting things in an order where what comes next can be
explained by what went before). Do you appreciate simplicity? The style of sentences
favoured in most sections of university-level report writing is that of short, direct
presentation of facts and interpretations. Do you appreciate objectivity? The sections of
your writing where you present facts and the sections where you discuss your
interpretation of them are kept separate, meaning it is easy for your reader to first make
up their own mind based on the results, and then check this against your conclusion.

In short, you don’t need to learn any new creative skills to become an excellent
scientific writer. We're here to help you refine the inclinations and preferences you
already have so that you can make sure your writing is as clear and well-grounded as
possible.

What makes it different

Let’s expand a bit more on the difference between high school English literature essays
and university-level science writing. We'll put lab reports aside for the moment, as that
kind of writing doesn’t happen in English literature and so it’ll be easier to compare
essays with essays.

The challenge for a student writing an essay in English literature is to engage with
the source text and think in the abstract. That means the subject matter is not tangible,
not physical. While the sciences are primarily observational, the arts are based on
interpretation. For example, a novelist might use weather as a metaphor to reflect the
emotional development of their characters, and in a discursive essay about the different
ways they do this, the outcome being analysed (the depiction of the characters’
emotions) has a large element of subjectivity. Rain might be interpreted by one student
as a symbol of depression, while another might see it as a symbol of cleansing and
renewal. As long as either position was argued convincingly, fully, with examples from
the text, each essay could potentially score high marks.

Without asking the novelist, we can never know for sure. Even after asking them,
there would be those who would still argue their own interpretation. ‘If someone tells
you what a story is about, they are probably right. If they tell you that that is all the
story is about, they are very definitely wrong’ (Gaiman, 2013). But getting to ‘the
truth” isn’t really the point of English literature essays, and that’s why they can be
difficult to create.

Scientific essays, on the other hand, should always be based on objective
observations and conclusions. You can begin simply as a reporter of what you observe,
combine pieces of knowledge in response to a question, and build from there. Since
your essays won't be based on your own scientific work, the term ‘objective
observations’ in this instance means the observations you hear about from textbooks,
lectures, and from reading scientific journal articles.

Let’s take an example of a typical essay task in sciences.

If you're asked in an essay question to compare and contrast two things, the most
logical way would be to properly explain thing A, then properly explain thing B, then
move on to a comparison between what you’ve just laid out. This is simple and
straightforward, albeit a little basic.



4 Introduction

You could probably improve on such a structure by breaking down the pros and
cons of thing A and thing B into categories, which you can then deal with in their own
paragraphs. You may open your essay with an introduction telling the reader what
topics they can expect to read about, then give a very brief introduction to A and B,
before moving on to spend most of the essay comparing A and B on the basis of these
categories you just identified.

For example, if you were comparing lab techniques, you might open with a brief
explanation of what each technique is for and its key features, then move into the main
body of your essay where the comparison happens. The first paragraph of the main
body might be about the relative speeds of each technique; speed is therefore your first
category. Next might be a paragraph about another category — cost. A third paragraph
might deal with the availability of the raw materials needed for each technique. Each of
these three categories deserves at least its own separate paragraph, or perhaps more,
depending on the word count of your assignment and thus how much detail you can
go into. You may then choose to conclude by making a recommendation based on all
the factors you’ve discussed. This would demonstrate an awareness of why this was an
interesting comparison to make in the first place, and show that you’ve thought deeply
about it.

The important point we’re making here is that you don’t need to do anything
particularly complex in order to pull off a highly scoring essay in science. You just need
to be clear, to have a structure which is easy for your reader to make sense of, and to
use evidence from your further reading, where appropriate. (You can read more about
these last two points in Chapter 11 - Producing a Draft and Building Your Argument,
and Chapter 8 — Incorporating and Referencing Other People’s Work.)

When you reach the later stages of your degree, it will be increasingly important
that you show your reader / marker that you are capable of interpretation, as well as
just repeating what you know. This skill is commonly called “critical analysis’. Others call
it ‘“demonstrating original thought’. Some will refer to it as ‘evaluation and synthesis’

— evaluation of the facts you’ve presented and synthesis of your own thoughts about
them. It’s important to draw another distinction here between what those terms mean
in science as compared with your high school English literature classes.

‘Original thought’ to the people marking your work does not mean ideas that no
one on the planet has ever had before. If you're writing about objectively true facts,
discovered by other people at some point in the past, and if those findings are available
in a journal for all to see, then it’s unavoidable that many people will already have seen
them and come to the same interpretations as you. That doesn’t matter at all. In this
context, ‘original’ does not mean the same as ‘unique’. Instead, it means that your
interpretations should have occurred to you on your own, without anyone passing
them on to you. (In fact, if science were perfectly objective and reproducible, then
everyone should be able to look at any scientific body of evidence and have exactly the
same original interpretation.)

Lab reports don‘t have a direct comparison in English classes, but the principles
we’ve mentioned here still hold true: you need to be logical with the sequence in
which you describe your methods; you need to report your findings fully before you
can begin to walk your reader through an interpretation of them (thus your results
section should be separate from, and prior to, your conclusions section); and you need
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to show evidence of your own thinking at the end. This is often overlooked by
students: you must make an effort to relate your findings back to the theory and the
existing knowledge base you mentioned in your introduction if you want to achieve a
high mark. None of this requires unique, never-thought-of-before analysis, and none of
it depends upon a command of pretentious language.

Scientific writing may not be immediately easy to master, but it is undeniably simple
to learn.

Rules, conventions, and why we have them

The rules and standard conventions of scientific writing echo the principles that
underpin the scientific method itself. At their heart is the notion that every question is
answerable, and that the answers to those questions are independent of the person
who asks. By ‘asking questions’, we mean carrying out an investigation, experiment, or
measurement. As we discover those answers, we add them to our collective
understanding of how the world works, and we are generally happy to refer to these
pieces of knowledge as facts.

A characteristic of a fact is that it should be the same to all observers, regardless of
who they are. Different ways, or techniques, of answering a scientific question may of
course lead to unexpectedly different answers. Two different labs that grow bacteria on
Petri dishes with different manufacturers’ nutrient mixtures could record different
growth rates, for example, and this would make a crucial difference if you were
investigating the life cycle of a new strain of an infectious agent. That’s why we place
so much importance on documenting the materials and the methods used in each
experiment: if two people carry out the same experiment using the same method, they
should truly arrive at the same result. The facts are the facts, the truth is the truth, and
this is the case regardless of who the experimenters are.

This is the logical reasoning behind what we know today as scientific writing style,
but the style itself didn’t simply arise as a spontaneous trend in the scientific literature.
It was created by the Royal Society, a body of scientists who first assembled in 1660 in
London (and it’s still around today, and you may recognize members of it among the
lecturing staff at your university by the initials ‘FRS’ — Fellow of the Royal Society — after
their name). One of the founding members, Thomas Sprat, made the case for avoiding
the use of metaphors or impressive turns of phrase. His book serves as a guide for how
new Royal Society members should conduct themselves, and in it he was quick to talk
about the good work the Society had already done on formalizing a system for clear
scientific communication:

It will suffice my present purpose, to point out, what has been done by the Royal Society [...]
to reject all the amplifications, digressions, and swellings of style [...] They [the Royal Society]
have exacted from all their members, a close, naked, natural way of speaking; positive
expressions; clear senses. (Sprat, 1667, p. 113)

The principles envisaged by Sprat have been developed and refined over 450 years into
the style of scientific writing we use today, giving us conventions such as using the past
tense to describe experiments, and writing in the passive voice. These will be covered
in more detail in Chapter 12 — Sounding Like a Scientist.
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How these skills will help your future career

Scientific writing is a context-dependent language. We use it in academic settings —
when writing lab reports, journal articles, and dissertations — in order to communicate
with our peers. The ability to understand and use this style of writing is crucial in order
to be successful in your studies.

The underlying principles of clarity and concision are useful beyond your time at
university, no matter what career you decide to pursue. In non-science careers, as well
as science careers, the ability to communicate clearly with an audience is vital and
prized.

The ability to understand and reflect on writing itself as a means of communicating
ideas will also enable you to adapt to different styles. For example, using a passive
construction is standard in scientific writing because the passive emphasizes the
process over the person performing the process (this will be discussed in detail in
Chapter 12). For example, ‘The project was successfully managed.” However, this is
totally unsuitable for CVs and job applications, where you need to draw attention to
yourself, and use the active construction, ‘I successfully managed the project.’
Understanding how these styles differ will help you recognize when to use them, and
how to use them effectively.

Conclusion

Having read this chapter, we hope that you will:

e have an understanding of how scientific writing is based around certain
conventions and expectations;

e see writing positively as part of your skill set as a scientist;
e feel confident in your ability to identify high-quality scientific writing;

e feel optimistic that you can learn how to produce high-quality scientific writing.



Understanding Different
Types of Scientific Writing

In the next chapters, we will look at five types, or genres, of scientific writing: lab
reports, essays, dissertations, posters, and abstracts. This final type never exists on its
own — abstracts are always a prelude to a much longer piece of writing — but no matter
which genre of scientific writing they accompany, abstracts are broadly similar in
whichever context they are used. For this reason, we’ve decided to give abstracts their
own section.

If you have any questions about how university-level versions of these genres might
differ from what you’ve had to produce before in high school or college, this chapter
will help you figure out what to keep doing and what you need to build on. We know
you'll be anxious to learn whether a school or college essay looks like a university essay,
or whether your lab reports need to follow a different standard format. We'll show you
here what your markers will expect yours to contain.

Universities are international places, so we recognize that many readers of this book
will have come from different educational systems. If this describes you, then this
chapter should also help you determine whether you need to redefine what you know
as an ‘essay’ so that you can get your best possible grades from your markers here in
the UK.

By the end of this part, we hope that you will:

e have an understanding of the purposes underlying each of these types of
assignment: lab reports, essays, dissertations, posters, and abstracts;

e feel more confident in your ability to plan your own structure;

e be able to distinguish between a situation where it’s important to relay procedural
information (e.g. focus on experimental methods) and one where it’'s more
important to discuss findings and implications;

e understand the difference between including information to demonstrate the
breadth of research and being selective with the information so as to keep a
coherent focus;

e think of formal structures, sections, and so on, as a guide to reader comprehension
rather than a set of technical rules.






The Lab / Fieldwork Report

Top 3 staff comments on lab reports:

» Methods have been explained in too much / too little detail.

» The connection to the reason for doing this experiment isn’t made clear (either in the
introduction or the discussion).

» Contains simple description of what was already provided in the lab manual; lacking the
student’s own original discussion of the results.

Top 3 student comments on lab reports:

» Different markers tell me to focus on different sections for different reports, and | don’t know
which of them is right.

» | don’t know if | should write in the past tense or the present, and in the active voice or the
passive.

» Does a lab report need references?

Before we get into the details of what a lab report should or should not contain, we
want to impress upon you the importance of understanding what your audience is
looking for. You will likely have a series of labs or pieces of fieldwork over the duration
of any given module. As such, your marker may have designed each one as part of a
wider curriculum that gives you an opportunity to develop your experimental skills in
one or two main ways at a time. If you can identify the underlying reasons for being
given each assignment, you might be able to improve your report by focusing your
time and energy on demonstrating — via your written submission — how you've
developed in those most relevant aspects. This chapter will help you identify what
those purposes might be, and will show you what information should (and perhaps
should not) go into detail on in each section of a report.

In this section, we may use the term ‘lab report’, ‘field report’, or just ‘report’
relatively interchangeably. As we’ve already alluded to, we intend for this description to
cover any practical experimental research, whether that’s undertaken in a literal
laboratory, or whether carried out on location (‘in the field").

Audience, purpose, and the standard report format

There are several subtly different reasons your marker might have put a piece of practical
work into the course. Recognizing this can change the way you write your report.
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Sometimes, it will be so you can gain some knowledge about your subject. This
might be done by way of a standard practical procedure to let you have a go at
measuring or creating something entirely predictable, where only human or equipment
error could lead you to a negative result. Other times, the marker will have put it into
the curriculum to give you practice with a particular technique. Molecular biologists
need to know how to pipette; animal and human biologists need to see the different
ways parts of a skeleton articulate with each other; physicists need to know how to
operate standard detection equipment; physical geographers need to know how to
sample geology; and chemists need to be confident with the operation of burettes and
fine balances. Other times still, a practical will be on the curriculum because the
experiments will be rich in data for you to record. Perhaps you’ll end up measuring
many different features of many individual samples, leading to a large and varied
results section with lots of data types for you to manipulate. Sometimes, labs will have
been designed to challenge your ability to follow the scientific method. For example,
practical sessions in later years of degrees often begin with open questions, and you
then have a chance to design and refine your own procedures (or ‘protocols’) based on
the questions you alone are responsible for thinking up. In short: reasons for the
inclusion of a practical as part of your degree can be diverse.

This isn't an exhaustive list, but in each of these different scenarios, the type of
report you write may be quite different in substance and in the relative sizes of each
section. Ask yourself if you can identify what seems to be most valuable to your marker,
and consider whether to place more emphasis on this part of your report.

Your lab staff will also be able to give you a guide on this, though they might be
cautious of giving you an unfair advantage, or of letting you ‘coast’. If you want to ask
them for guidance, it’s always a good idea to present your question as the result of
some sensible thinking so as to avoid making yourself simply look like an overly needy
student simply asking for more hand-holding than the rest of the class was given. You
might get the most constructive response if you ask something considered and
reflective, such as:

| realize we've used a lot of new techniques in this lab and I'm wondering how that
might feed into my report. Is that broad range one of the things you want us to
learn? Are you looking for us to write a really detailed documentation of each
technique in the report? Or would you prefer us to say ‘experiments were carried
out according to the protocol in the lab manual’ and give more of our word count
to interpreting the results?

The most commonly used format for lab and fieldwork reports is the IMRaD report:
Introduction, Materials (and / or Methods), Results, and Discussion. Variations on this
theme may feature on your course, perhaps with ‘Discussion’ either swapped or
supplemented with a ‘Conclusion’ section, but it is unusual to see a report deviate
widely from this outline.

The format has been in use since around 1940 (at least in biomedical journals) when
it took over from very descriptive types of articles (Sollaci and Pereira, 2004). It
gradually increased in popularity until the 1970s, when it started to become formally
recommended in journal guidelines as the style of preference, and it has stood the test
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of time over those last 45 years so that it is still with us today as the style of most
scientists. This is testament to the way its clarity, its logical structure, and its separation
of one type of information from the others has served the purposes of scientists: to
allow readers to receive information and interpret it as objectively as possible before
they read an author’s own interpretation and conclusion.

Before we move into the finer details of how to actually build a report, we'll share
with you the results of a study carried out by one of the authors of this book (Dr Scott
Ramsay) along with a colleague, Dr Michael McEwan, also from the University of
Glasgow’s Learning & Teaching Centre. We surveyed staff who teach first-year students
in chemistry, physics, and biology. We asked them to rate how well their students
performed at various different aspects of writing lab reports, and what they perceived
to be important. The main, overarching question in the survey was: ‘What is the
purpose of a lab report?’, to which the respondents could select a maximum of three
answers from the following options:

We asked science lecturers:

What is the
purpose

of a lab report?

87% 74% 50%

...to show you can ..toshowyoucanlink ...to show knowledge
understand and theoretical and Of a specific
interpret data experimental work  @xperiment

50% 30% 5%

.to improve -..to show thatyou can | o5 we can assess you

your written document and award
communication reSUIts your grade

Figure 2.1 Staff perceptions of the purposes of lab reports

The most common answer — that 87 per cent of staff are interested in your ability to
interpret data — is probably not a surprise, but when 74 per cent of lecturers say they're
looking for evidence of a link between theory and experimental work, that’s perhaps a
bit less obvious. Yes, it seems like a reasonable thing to say, but how do you actually do
that with your writing? Only 50 per cent of staff said that you should learn about a
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specific experiment, so if you're ever confused and frustrated about why you’ve been
told to carry one out when it seems like you'll never need to know how to do it again,
rest assured that there are probably deeper skills connected to that lab that are
important. Again, 50 per cent said reports were there to improve your general
communication skills. Only 5 per cent of lecturers said the allocation of marks was a
primary reason to give you this type of assignment, so don’t just think of lab reports
simply as a test.

When asked to expand on their observations, the majority of staff said they
didn’t think first-year students were very confident about what was required of
them. With that in mind, let’s look at what should (and shouldn’t!) be in the
different sections.

Introductions

Your introduction should justify your experiments to your reader. Why did you bother
to do this work? What previous work was it based on? Was there a gap in our existing
knowledge beforehand? Would answering an experimental question leave us better off
in some way than we were before? Common justifications for experiments include
economics, speed, efficiency, health, and, occasionally, pure scientific advancement. If
you can say that the outcome of an experiment will allow us to do something more
quickly, or more cost-effectively, or in a way that saves people’s lives, your reader will
buy into what you're saying and they’ll be more motivated to read the rest of the
report.

In addition to justifying the research, your introduction should clearly explain its
theoretical underpinnings. If you're investigating how food intake and exercise levels
over the course of a week relate to the body weight and the fitness of your subjects,
you will probably want to highlight key pieces of existing knowledge of the dietary and
activity factors that influence whether someone remains healthy. It would strengthen
your introduction to cite some pieces of literature (books, lecture slides, or published
articles) that support what you claim. Think carefully about the theory you include here
because, as you've seen from the survey results above, markers are interested to see
how you will connect your eventual findings back to this theory in your conclusion
section.

After setting out this background, your introduction should end with a statement of
your aims. Try to avoid using clichéd phrases such as ‘In this experiment, X and Y will be
measured and compared in order to determine Z'. Instead, go for a direct, concise
statement about what will be done: ‘In order to determine Z, X and Y will be measured
and compared.’ If you absolutely must mention the experiment itself, try to find a
more sophisticated name for it. ‘In this investigation’ or ‘For the purposes of this study’
are more precise and more professional-sounding alternatives.

In our jobs as writing advisers, one of the most common questions we are asked
about the introduction is ‘"How many words long should it be?’ This is a very difficult
question to answer. Every discipline will have its own conventions, and some topics will
demand a longer justification at the start than others. As a rule of thumb, though, aim
to spend 10 per cent of your word count on it. If you have a good reason to change
this afterwards, do so.
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Materials and methods

High school pupils are told that this section (sometimes called simply ‘Methods’, or
sometimes divided into two separate sections) should give your reader sufficient detail
to repeat your work. This is true, but in reality the materials and methods section is
more commonly used to check whether an experiment was done sensibly. It helps
satisfy your reader that you paid adequate attention to detail, that your processes were
properly controlled so as to avoid errors, and that your methods were appropriate for
any type of statistical interpretations you might have carried out. For example, you
might use your methods section to detail your intended sample size and explain
whether any decisions were made in advance about whether, and how, to identify
unusual data points and exclude them from your analysis.

You should write your methods for the educated reader. They don’t usually need to
know whether you used a glass rod or a plastic one to stir your solution, or how your
pH meter was calibrated before you used it. They do need to know that you stirred the
solution, however, so they can be satisfied that the reactants were dispersed equally
throughout the reaction vessel, and they do need to know if you measured the pH of
your solution precisely with a properly calibrated electronic meter, rather than judging
by eye with a more approximate measure such as litmus paper.

Sometimes you will use the same basic method in every experiment, but you may
tweak that method in order to generate each separate finding you describe in the results
section later. For example, you may take some plants and grow them all on the same
type of soil, for the same length of time, under the same environmental conditions. You
might then subject them to a high temperature to see how many of them survive. The
basic method would be the same in each case, but you might heat some to 35°C, some
to 40°C, and some to 45°C. If so, try to be concise about the standard elements of the
procedure. You don’t need a full history of the three different groups of plants.

For example, it would be excessive to say:

For experiment A, plants were grown at the standard growth temperature of 22°C
for three weeks until mature, heated at 35°C for three hours, then returned to 22°C
to recover. For experiment B, plants were also grown at the standard growth
temperature of 22°C for three weeks until mature, then stressed at 40°C for three
hours, then returned to 22°C to recover. For experiment C, plants were grown at a
standard 22°C for three weeks until mature, then stressed at 45°C, then returned to
22°C to recover ...

Instead, it's more concise to say:

Plants were exposed to various heat stress regimes by first incubating in a
temperature-controlled cabinet at 22°C for three weeks until maturity, then heating to
one of a variety of stress temperatures for three hours, then recovering at 22°C again.

You can then explain all of the precise differences in temperature regimes in your
results section later, as part of the paragraphs where you present each of the findings
one-by-one. If very many temperatures were used, it may even be enough to mention
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these only in the axes, legends, and captions of whatever graphs you create from the
dataset. The text of your results section should describe the data in a way that draws
the reader’s attention to the key findings. This means the results from the intermediate
stress temperature may not be mentioned in the main text at all, if they would detract
from your ability to communicate concisely.

Results

This is where you present your findings, bearing in mind the fundamental principle of
objectivity. Your findings should consist of data completely separated from its
interpretation. This is tricky at first, as it's common to be taught the standard mantra
that ‘each figure should be fully explained in the text’. This is true, but there’s a subtle
difference between explaining what a graph shows, and saying what you think it means.

In an investigation into whether a structure would support a load of, say, 1200 kg, it
would be appropriate to plot a graph and then say something in the main text like
‘This demonstrates that the maximum safe loading weight for this platform design was
975 kg’, but it would probably not be appropriate in the results section to say ‘This
demonstrates that the maximum safe loading weight for this platform design was 975
kg, and therefore a more robust platform incorporating greater support struts would be
required in order to withstand the intended use case’. This last part is interpreting the data
and relating it to a real-world scenario. As we said at the start of this chapter, the
purpose of the standard lab report format is to allow readers to receive results and
come to their own conclusions without immediately being influenced by the author’s
own thoughts (for more on this, see Chapter 10 on critical analysis). Such
interpretation should be reserved for the discussion section, not the results section.

Perhaps the only real exception to this would be if you discovered something so
unusual that you had to re-evaluate the rationale or plan set out in your aims, and were
forced to alter your next steps. If you think your reader would be unable to
comprehend why you carried out the next experiment in your results section without
understanding the implications of the one before it, a brief justification lasting a
sentence or two may be helpful between your presentation of the two.

Chronology, consistency, and flow

Your results should usually be presented in chronological order so that the reader can
follow the process of everything you did from start to finish. If the sequence is not
important, there are still structural considerations for your report that can help make
things easier and simpler for the reader to follow.

There may be times when, for example, you may have carried out multiple
experiments on a sample in parallel and the results of one had no bearing on the
procedure for the others. For instance, you may make routine tests of the compressive,
tensile, shear, torsional, and yield strengths of a material. In such cases, it doesn’t really
matter which order you present the results, because the findings of one part won’t
have been used to decide what to do for the next in this list of standard and
pre-determined tests. For consistency and ease of reading, however, your work
might benefit from placing the order of your findings in the Results section so that they
match the order you explained the techniques previously in the Methods section.
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In most realistic cases, though, early findings will help steer the direction of the rest
of the experiment. Your marker will be educated to a higher level than you, but you
shouldn’t expect them to do the hard work of deducing how each individual
experiment is related to the previous one. The responsibility for clear communication
lies with you, as the author.

Consider a situation where your work involves some on-site material observations in
the field (phase A), then a period of testing in the lab to develop a procedure that could
be used to improve conditions in that environment (phase B), followed by a trip back to
the site to validate your hypothesis (phase C). Your materials and methods section
might then be divided into two subsections, with one dedicated to all the on-site
measurement techniques (phases A & C), and the other dedicated to the techniques
you used in the lab (phase B). Since you’ve now created two Methods subsections
detailing the types of experiments you conducted, and since consistency is often
rewarded as a key part of good scientific writing, you may then be tempted to organize
the findings into two matching subsections in your Results section. However, the more
important consideration here is that your reader should be able to follow the logic of
your experiment from start to finish. Since you performed part A followed by part B and
then part C as part of a series of consecutive investigations that build upon the
outcomes of each other, the order in which you present your results should reflect this.

Assembling your results into a logical sequence will therefore help your reader, but
you can go even further than this. The words you use to link sections together should
help illustrate how they’re connected. Look at this extract from a results section
showing the end of one paragraph and the start of the next:

... As shown in Figure 3, an exposure lasting four hours was sufficient to trigger
activation of the particle emitter.
The beam strength was assessed by...

Box 2.1 Two paragraphs without connective language

Paragraph one doesn’t mention that the particle emitter emits its output as a beam;
someone unfamiliar with this particular piece of technology might equally assume the
particles are emitted in such a way that they are better considered as discrete units, or
in a random dispersal pattern in any direction around the apparatus. This paragraph
transition could therefore be improved with some more attention to the words on
either side of the linkage. Note how it’s not just the extra words (in italics) in the
second paragraph of this next example that make the transition smoother, but that
carrying over old information into the new paragraph (in bold) helps too:

... As shown in Figure 3, an exposure lasting four hours was sufficient to trigger
activation of the particle emitter.

In order to establish whether the emitted particle beam was sufficient to be of
practical use, beam strength was assessed by...

Box 2.2 Two paragraphs connected with good signposting and flow
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This pattern of repackaging old information as you move on to new points can be
helpful in establishing continuity and logical flow. Similarly, your choice of connective
words can help signpost to the reader whether two findings are in agreement with
each other (‘therefore’) or in contradiction (‘however’), or any other way in which two
points may be related. For more on this aspect of writing, see the section in Chapter 11
headed Structure within paragraphs on pp. 135-44.

Level of detail

If you're following a set procedure in a lab with a known or expected outcome (which
is common in the early years of a degree), you’ll probably need to show the results of
every step you carried out so your markers can check you’re grasping these
foundational elements. They will want to see evidence of how well you carried out the
set procedure (in laboratory terms, the experimental ‘protocol’). If something went
wrong, then you can discuss the shortcomings in your discussion section.

If you had more control over the direction of the lab practical, the choice about
which results to present will be yours. If you planned some experiments and they
failed, you can usually omit these and dedicate the space to other experiments that
worked. That’s not to say you can pick and choose your favourite results: we simply
mean that if an experiment failed for any reason such that its results are scientifically
meaningless, there is no point in showing this to a marker if you have enough material
to replace it within your report.

Remember what we showed you in Figure 2.1 — most markers are primarily
concerned with seeing that you can link results with theory, and less in seeing a report
documenting how well you carried out the experiments or how well you were able to
learn a new skill. Your report should therefore be more than a simple narrative account
of what worked and what did not; that’s the purpose of your lab book, which is there
as a document to refer to in the production of the report.

Failure, however, is not the same as conducting a good experiment that produces
negative results. Failed experiments that you were able to resolve are typically
uninteresting to a marker, but negative results can be valuable and informative if you
are confident you carried out a procedure properly — your controls should help you
decide this — and yet you still recorded an absence of any measurable result. Perhaps
this would even change the direction you take with subsequent experiments. This
would be an appropriate scenario in which to write up negative findings.

Tone

The tone you take in your results section is particularly important. Your results section
will probably contain the shortest, most direct sentences of your whole lab report. It’s
important to be unambiguous, and long sentences containing several concepts can
lead you to confuse your reader rather than make things clearer for them. The use of
pronouns (for example, ‘they’, ‘it’, ‘them’) can become confusing, particularly if the
last time you mentioned the item’s actual name was one or two sentences previously.
Don’t be afraid to be repetitive in your results section; it’s far better here to be clear
than to be stylish. For example, creating a novel account of three very similar
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experiments will confuse your reader into thinking there was something fundamentally
different about the three procedures. If they spend time poring over three different
descriptions of the same technique trying to look for a difference that is not there, you
have failed in your duty to produce a clear, concise report. You can find a deeper
discussion on this aspect of your writing in Chapter 11 — Producing a Draft and
Building Your Argument.

There are conventions on how to use tenses. When you’re reporting events that
have taken place, your writing should be in the past tense:

e The reaction vessel was incubated at 65°C.
e The database was interrogated, and 25,000 records were identified.

When you present a result that was true at the time, is still true today, and will be true
until someone shows otherwise, you should use the present simple tense.

e The optimum temperature for this reaction is 65°C.
e The database contains 25,000 relevant records.

Discussion

This is the accompaniment to your results section where you get to say everything
about your data that you weren’t allowed to before. You can think of it as the half
where you interpret, as opposed to the previous half where you simply show. Interpreting
in this context means doing things like talking about which results were surprising or
which were expected, and what knowledge or logic leads you to say this. You can point
out parallels and contrasts between your findings and others published in the literature.

If you could think of your lab report structure as having an hourglass shape — wide
at the top (introduction), narrow in the middle, and wide again at the bottom
(conclusion) — you might see how the width of the hourglass corresponds to the width
of your focus. In the introduction, you start with a relatively wide-ranging discussion of
context, background, and justification for the work. In the main body of the lab report
you'll be looking at your own experiments in lots of minute detail. Finally, in your final
discussion/conclusion section, you have a chance to widen the focus back out again,
bringing the reader’s attention back to the issues you raised at the start and showing
how your findings have contributed to that academic discussion.

It’s also the section where you should mention any shortcomings in your
experimental procedure. This isn’t for some nebulous reason of humility and personal
accountability: it’s so that others reading your report have access to all of the factors
that contributed to your findings.

To continue with the example we used earlier, perhaps you found that some species
of plants survived a heat stress better than others. If you also later discovered that a
rubber seal on the oven containing one species was old and had developed cracks, you
might reasonably doubt whether the hot air was properly contained. This would cast
your conclusions about the hardiness of that species into doubt. Instead of changing
only one variable between samples, you actually had two variables that differed:
species and oven specifications.

Maybe it was only a small crack, but if the seed of doubt is there, you must report it.
If you were writing an article for publication and someone later refuted your
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conclusions with experiments of their own, your mention of the shortcomings would
provide a possible reason for the difference. At the least, this would help to dispel any
doubt that you had simply been poor at your job and had failed to properly control the
experimental parameters; at the other end of the scale, it might protect you from a
need to publicly retract your work because it had been ‘debunked’, or a need to
defend yourself against allegations of deliberately covering up information.

What most markers are concerned about in conclusions, however, is whether you
relate your findings to the theory you set out in the introduction. Remember that 75
per cent of staff thought this was one of the primary benefits of lab reports. Here's
what a connection between theory and results might look like in practice:

In growth measurements shown in Table 2, [the number of
bacteria present after six hours was significantly lower than
anticipated] . It is well-established that [the time taken for E. coli
to double is 20 to 30 minutes under optimal temperature and ~—— Theoretical
food conditions] (Sezonov et al., 2007), so, due to the basis

discrepancy, [it must be concluded that the growth conditions

inside the incubator were not as indicated on the control panel]. Rel.atic.mship
This may be due to equipment calibration error, or to localized of findings to
differences between the air temperature next to the thermometer theory

and the temperature of the samples themselves. If this
experiment were to be repeated, it would be advisable to place a
temperature probe directly on top of the sample dishes, so that
the actual temperature of the dish could be checked in real-time.

Box 2.3 Practical results connected with theory

This discussion excerpt not only reminds the reader of the finding (low growth rate),
but it tells them precisely which table this detail came from. It then introduces a piece
of theory which underpinned the experiment (standard rate of E. coli growth), cites the
source of that knowledge, and mentions how this theory relates to the experiment. In
this case, they relate by being contradictory. A good effort has also been made to
suggest improvements for the experimental protocol too, so this paragraph nicely
exemplifies many things you should aim to do in your discussion section.

Variation on IMRaD: discussion and then conclusion (or conclusion
and then discussion) as two separate sections

Sometimes you might be asked to include a discussion as well as a conclusion. You
might also be asked to put them the other way around. The names given to each
section don’t really matter much, because there’s only really one way to divide what is
classically one section into two, and there’s only one way round that this splitting
makes sense.

In the first of two such sections, you should discuss the findings of your own work.
Write about the meaning of your data, and the shortcomings of your experimental
procedures. Keep everything contained to a discussion about what you discovered
within the confines of your primary experiment.
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In the second of the two sections, relate your work to the broadest levels of theory
of your field. If you are at a level where you are expected to read and draw
comparisons with other scientific works, do it here. Make recommendations about
what should be done next (or what we should stop trying to do), or talk about what
gain we now have a society as a result of gaining this new knowledge. This is the best
section for you to demonstrate that you are able to enter the academic conversation
surrounding your subject by making these higher-level observations.

Variation on IMRaD: technical reports

These are more common in engineering, or in branches of science where something
new has been created and is being tested, validated or characterized. This might be
required as a quality assurance step before the instructions on how to reproduce or use
the product are released to the wider community. Technical reports on your course will
give you a chance to practise this skill, which often requires a different focus in
audience and purpose from the typical lab report.

The structure of a technical report may be more individualized to the specific
circumstances of the subject being evaluated. For example, a materials and methods
section from a field that employs very specific mathematical or computational
operations may be accompanied by a ‘theory’ section that outlines what these
operations consist of. This would allow someone qualified in the general handling of
mathematics, programming, etc. to follow the specific equations or specific code used
later throughout the technical report.

There may also be a greater need for a page of definitions and symbols. Greek and
Roman letter characters are frequently used as shorthand to represent various physical
quantities or concepts, and these may vary from one subfield to another. For example,
the lower-case letter rho — p — is particularly promiscuous as a stand-in for concepts as
varied as: density as well as resistivity in physics; an ecological ratio as well as a
fundamental DNA-related protein in biology; multiple types of coefficients in statistics;
and elements of various different coordinate systems in geometry. This is all before we
consider how it looks almost identical to the lower-case letter P from the Roman alphabet.

A page listing all of the symbols in all of their various superscript and subscript
combinations may therefore help to clarify their usage in your specific context,
especially if the imagined audience for your report are educated, but not specialists
working daily in this exact field. If required, such a symbol definition page would
usually be part of a longer or more advanced technical report that might be split into
chapters and need its own table of contents. The definitions page would then form
part of the ‘front matter’ alongside things like an acknowledgements page, a page
listing all of the figures (their numbers and their titles), and a page listing all of the
tables (their numbers and titles).

The audience for a technical report may not even be other specialists. For example,
you may be writing for a branch of local government, employed as a contractor to
advise on the best solution to a municipal problem. The ways in which you would
explain the concepts of water flow through a sewage treatment system under gravity
and a series of interconnected pump systems would therefore be very different to how
you might do the same if the audience was to be other engineers. You may need to
dedicate more of your word count to explaining the background and less to detailing
the advanced scientific calculations involved.
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Aim to strike a balance between being too general on the one hand, and allowing
the explanation to turn into a condensed lesson on all the concepts you’ve spent
months or years learning on your university course on the other. As we mentioned
above in the context of standard IMRaD lab reports, always consider both your
audience and your purpose together, as one paired concept. Take cues from the course
staff on who you are to imagine you are writing your technical report for and what
they’d want to achieve by reading the report, then think about adjusting your vocabulary,
your level of detail, and the proportion of your technical report that you decide to
allocate to each section accordingly.

References

As with any piece of academic writing, you should include a list of your references in
whichever style has been set by your course staff. You can read more about how to cite
and reference in Chapter 8.

Appendices (singular: appendix)

Occasionally, you may be allowed to include supplementary materials at the end of
your report in one or more appendices. These typically contain raw measurement data
in table form, or statistical analysis steps. This kind of raw data can be useful to readers
who might plausibly have a reason to need to examine your individual measurements
in more detail.

Appendices might also be more common if research in your field is based on
standardized materials, or publicly available datasets that anyone can use, and so other
researchers might have a strong interest in comparing their set of findings using that
same set of inputs against yours at a much finer level of granularity than is typical. For
example, if you have tested the performance of various common materials under an
exhaustive set of conditions in the field, a complete table may be too large to
comfortably fit in the main body of your work and carry too much information for the
typical reader to be expected to take in. Small, isolated sections of such a table in the
main body of your report may have value as a starting point for other researchers using
one of those materials, though. Giving them the option to then consult your appendix
may be useful in helping them go deeper to establish a starting point for their own
next piece of research building upon yours.

This is all quite unlikely for most scenarios at undergraduate level. Appendices may
only be expected in final-year projects, or in postgraduate work. Confirm expectations
around appendices with your course staff before incorporating any (and check whether
appendices will be included in your word count). If they are permitted, make sure to
direct your reader to look at them at the relevant point in the text. This should be done
in exactly the same way as a reference to a figure or a table. If the reader is not told
when to turn to the appendix, they likely never will.
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Top 3 staff comments on essays:

» The student wrote about the concepts in a confusing / messy order so the essay is difficult to
follow.

» The student didn’t read the question properly, so they’ve gone off-topic.

» This isn’t written as an essay; it’s just a report of things they know.

Top 3 student comments on essays:

» The science I’'m writing about is fairly routine, so | don’t know how to make my essay stand out.

» | don’t know what parts to put in an essay — can you show me a model answer so | know what
you want?

» How can | express my opinion and still be objective?

As before with the lab report, the first thing we want to draw your attention to is the
purpose and the audience.

Essays are used on science courses because they’re the most well-established way of
testing:

e your in-depth knowledge on a topic;

e your ability to communicate with a reader;
e your critical thinking skills;

e your ability to construct an argument.

We scientists don’t generally think of ourselves as people who put forth arguments —
why would we need to, when scientific facts should always represent the objective
truth on their own, anyway? — but an argument is simply a statement supported by
evidence. Scientists do this all the time. We make conclusions based on our findings.
That involves interpreting the data, perhaps in light of other pieces of information from
other places, and saying what it tells us. Your purpose, then, is to demonstrate an
ability to do these things to your marker.

Your literal audience will be your markers, but the audience you write for at
university should always be educated peers; educated in the sense that they have the
same background knowledge that you have, but peers in the sense that they don’t
have any more knowledge than you. This means you should always fully explain things
like abbreviations, acronyms, and new pieces of information you might have just
discovered from current science reported in the media, or in peer-reviewed literature.
Even though your lecturers would be able to understand these things too, they might
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simply not have read that same particular story or journal article, and so they may not
be in a position to follow your meaning if you only give a brief mention. They are likely
to be extremely busy running several modules for different year groups, and for
students on completely different degrees, and many of them will also be leading
research groups in labs. All of this means they probably have less time than they’d like
to be able to keep up to date with every new development in their field. Therefore, you
should aim to describe new developments in your essays as if to someone with a
scientific education, but without prior knowledge of the specialism you're writing
about.

Another way to think of this is to write to an audience of yourself at the beginning
of your current year of study. If the information you’re writing about was new to you
this year, explain it in full. This shows your marker that you have a confident grasp of
everything you’re supposed to have been learning on their module.

Interpreting the question

Good essay questions will have up to three different parts. You'll find a command word
or phrase which tells you what type of action to perform, there will be a statement of
the topic, and there may also be a limiting part. Table 3.1 shows some examples.

Commands: discuss, explain, list, compare and contrast (see Table 3.2 below for a longer
list of command words and what they mean to a marker)

Subjects: ... veterinary treatments for farmed fish ...

... the methods available to quantify contamination of an aqueous solution
with the CN-ion ...

.. the Davisson-Germer electron diffraction experiment ...

Limits: ... in elderly people.
.. using only field equipment.
.. and calculate the time a typical Z boson could stay in existence.

Table 3.1 Typical parts of a question

It's worth marking up your exam question paper in some way just to prove to
yourself that you’ve registered each of these three different question parts, particularly
if you’re writing under exam conditions and are thus more time-pressured and more
likely to feel stressed or rushed.

A limiting part may not be present, or it may actually direct you to widen the scope
of your answer rather than narrowing it (e.g. ‘... both today and prior to the advent of
technological advancement X’). Just don’t forget it’s there by the time you get
two-thirds of the way through your essay, when you’re on a roll, writing everything you
know about the subject and accidentally ignoring this final part of the instruction.

Command words

These tell you what type of essay or discussion to write. This is important because
simpler commands will be used at the earlier stages of a degree, and if you don’t
recognize the complexity inherent in some of the more advanced command words
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that appear more as you progress to later years, you risk producing very simple essays
that don’t meet the criteria for those higher years.

Table 3.2 lists some command words commonly found in university assessments,
and gives you an idea of what your markers are looking for when they use each one in

their questions.

Command Word

Meaning

Analyse

Examine a process / theory in detail

Account for

Give an explanation of something, backed up with relevant evidence

Assess Measure the value or importance of something

Compare Point out similarities and differences between two processes / theories
Consider Look closely at something

Contrast Look at how two different things relate to each other, focusing on the

differences

Critically analyse

Examine something in detail from an objective standpoint

Define Give the exact meaning of

Demonstrate Explain how something works / happens, with use of examples

Describe Give a detailed account of a process / idea / thing

Detail Describe a process / theory thoroughly, covering every possible point

Discuss Talk about an idea / process in detail

Examine Look at something in close detail

Evaluate Give an assessment of the usefulness / importance / success of something

Formulate Create a new idea / process

Interpret Give an explanation for something based on the evidence

Justify Provide evidence / reasoning to back up whatever statement is made in
the question

lllustrate Use examples / data / evidence to explain a concept or process

Outline Give a description or explanation of something using only the main parts
of the process / theory

Review Give an overview of a theory / process

State Say something clearly (often to give a definition or describe key stages in
a process)

Summarize Identify the key points and present these as concisely as possible

Table 3.2 Common command words

Introductions

A very common piece of advice you may have been given in school is to rephrase the
question in your introduction. We’d encourage you to go beyond this, as it's very
simplistic and we don't often find this type of introduction attached to essays that achieve
the highest grades. You should certainly tell the reader what'’s going to come later, but
avoid phrases like ‘In this essay | will ..." or ‘This essay will compare and contrast ...’
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Instead, try opening with a statement of a problem, or some other way of quickly
making the case for why this essay topic is important, or at least show that you
recognize why the markers thought it was worth asking about. As we said in the
section about lab reports, it's also common to open an essay by saying that the
topic is related to lowering costs, to increasing efficiency of procedures, to health
benefits, or perhaps by convincing a reader that simply understanding whatever
scientific principle you’re going to discuss is a necessary step in understanding
something more complex. Table 3.3 shows two versions of how an introduction
might look.

Essay question Compare and contrast the structures and functions of the bones of
mammals with the bones of flying birds.

Acceptable Bird bones are lighter than mammal bones. Bones are important because
opening strategy | they need to be strong, but also light to allow birds to fly. This essay will
examine the differences between mammal and bird bone structures.

Much better Birds and mammals live by two very different lifestyle types — mammals
opening strategy | are mainly ground-based, while most birds travel primarily through the air.
This requires that bird bodies are physiologically adapted with a structure
and composition that facilitates this mode of locomotion. This discussion
will focus on one of these physiological adaptations: differences in bone
composition.

Table 3.3 Opening essay sentences — a good and a better example

The acceptable version of the introduction is minimally sufficient. It introduces the
topic, which is good, but you should avoid opening your essay with a definition or a
concept (bone weight) without first letting your reader become aware that this
concept is coming. It promises to make a comparison, which is also good; if your
reader knows what type of analysis is about to follow, they have one less thing to try to
wrap their head around as they read on. However, this paragraph does a pretty bad job
of setting up the topic. The author has almost got their structure entirely backwards, as
they move from the specific issue (bone weight) to the more general ones (the fact
that birds fly while mammals generally do not, and the fact that mammal and bird
bones may be different in several ways).

The improved version of this introduction first establishes the reason for making the
comparison. To generalize from this example, the first two sentences tell the reader
‘These two things are different. If we can identify what is different about them, we can
begin to understand how the differences in the way they are built facilitate the
differences in how they function.” The better example is also related directly back to
the question (in its third sentence), which will give the marker confidence that the
student has a capable grasp of the topic and of what they’ve been asked to do. In
many cases, we find that disordered introductions that fail to do this are correlated
with messy answers, often wandering off-topic because the student has limited
knowledge of what'’s actually been asked. Finally, the better example goes from a broad
statement to a narrow one, helping us to anticipate what is about to come next in the
main body of the essay.
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The main body

Setting out the basics

The command words in the question will tell you to do something specific with your
knowledge, but before you can do anything complex, you first need to arm your
reader with the essential information they will need later. You can think of this as the
‘exposition’ stage, where you ‘expose’ the necessary facts. If, for example, you're going
to discuss the pros and cons of a particular set of techniques that can all serve the same
purpose, it would probably be premature to jump immediately into comparing them.
You may need to briefly mention what each technique involves first at a top level to
distinguish them, perhaps why we have multiple tools for the same procedure in the
first place, perhaps who uses each, and perhaps in which scenarios. By telling the
reader that these factors are involved, they will be in a much better position to
understand your comparison of them later.

Structuring your paragraphs

A well-planned essay will always achieve better marks than one that was written as the
author went along. You will either have a limited word count or limited time, so
planning allows you first to think about which points you’d like to make, and then to
decide which you’ve got the space or the time to discuss. If you do this before you start
writing, particularly under exam conditions, you’ll avoid the uncomfortable scenario of
using hurried bullet points or asterisks and arrows to insert extra information you only
thought of right at the end, or of running out of time before you’ve discussed
everything.

Each paragraph should be about one point. You should open with a topic sentence,
develop upon that topic, and perhaps conclude or signpost to the reader that a new
topic is coming next.

After your topic sentence, you could develop a paragraph by detail:

The largest blood vessel in the body is the aorta. It emerges from the left
ventricle of the heart and is the first conduit for all of the oxygenated blood
destined for the rest of the body. It must deal with a huge amount of pressure, so it
has thick, elastic walls and a large internal diameter. The aorta extends a short
distance above the heart, turns at the aortic arch (where several arteries branch off
to deliver blood to the head and arms), and descends through the abdomen to
supply blood to the lower body.

.. by chronology:

Viral infection involves several steps. First, a part of the viral coat must come into
physical contact with a cell from the host organism. Second, a specific interaction
between a protein on the viral coat and a matching protein on the host cell surface
occurs, allowing the virus to ‘dock’. If the host cell does not have the appropriate
protein, infection will not occur (at least, not at that cell type; this is why cold and
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flu infection only happens in the lungs, for example). Third, the virus injects its
genetic material into the host cell. Fourth, the host cell’s transcription and
translation machinery takes the genetic material and carries out the instructions,
thereby creating new copies of the virus. Finally, the virus must emerge from the
host cell, either by budding out or by rupturing the cell membrane.

.. or by examples:

There are many different structures a crystal can take. The most basic is the simple
cubic cell, which consists of equally spaced rows and columns of atoms arranged
in a simple grid structure. More complex is the simple cubic lattice; if one cube of
8 atoms at the vertices were to be viewed in isolation, it would feature one extra
atom at the centre of the cube, for a total of 9. More complex again is the face-
centred cubic lattice. This is similar to the simple cubic lattice, but with an atom at
the centre of each of its 6 faces rather than just one at the centre of the cube, for a
total of 14 atoms per unit.

Note that the first example also included a signpost sentence at the end.

The aorta extends a short distance above the heart, turns at the aortic arch (where
several arteries branch off to deliver blood to the head and arms), and descends
through the abdomen to supply blood to the lower body.

The hypothetical paragraph that would follow this could be about the circulation in the
head and arms, or it could be about the circulation in the lower body; either way,
we’ve been primed to expect it. Signpost-style conclusions or transitions are not
necessary for every paragraph, but they can help the reader anticipate what’s about to
come next, thereby smoothing their progression through your essay.

If you can make your writing easier to follow, then you’ll have demonstrated good
communication skills and you’ll be more likely to attain a higher mark. Look at
pp. 129-34 for more examples of how to build paragraphs from sentences, and see
Chapter 11 - Producing a Draft and Building Your Argument more generally for a more
in-depth discussion of how planning and paragraphing will help you make the best of
your writing.

Concluding

The classical advice about conclusions is to relate your discussion back to the question
you were set. Much like we said in our section on introductions, we’d strongly
encourage you to go beyond clichéd phrases like ‘In this essay | have compared and
contrasted ..." or ‘This piece has evaluated X and Y, and | would recommend ...
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It doesn’t take much to be more sophisticated. Table 3.4 shows two examples.

Question

Using the design parameters provided, estimate the suitability of these
different hydrodynamic system designs for delivering liquids to their
destinations.

Acceptable closing
strategy

In this assignment | have shown the different forces imparted by
different pipe materials, in order to evaluate whether the materials were
suitable for water transport systems. The best surface to use was plastic
with no surface texture. | would therefore recommend that this design
was used in the future.

Much better
closing strategy

Of the six materials evaluated here for suitability for use as pipe-lining
material, a plastic interior surface with a medium bore and without any
texture provided the lowest resistance to the passing fluid. By applying the
relevant theoretical physical principles, it has been shown that this material
created the least friction and this diameter was not so narrow as to induce
drag, but not so wide as to cause a drop in hydrodynamic pressure.
Further investigations into the use of grooves and fins to direct the fluid
flow may reveal even more efficient designs, particularly at intersections of
pipe segments where the direction of flow needs to change.

Table 3.4 Closing essay sentences — a good and a better example

In the better example:

scenarios.

we’re reminded immediately what the essay question was about;

we're reminded indirectly what method was used;

the best option is highlighted again;

the complexity of the issue is acknowledged with a mention about alternative

Note how the writer carefully picks out the most relevant pieces of information that
must have come from various different paragraphs of the body of the assignment. The
writer also manages to make a conclusion without ever referring to him- or herself.
Instead of saying ‘/ would therefore recommend ..." you could say ‘the evidence
presented here supports the conclusion that ...".

Your marker will be interested in seeing whether you can select the most relevant
parts of your essay to form this reminder section at the end. You will have spent a long
time thinking deeply about the essay, but try to imagine how a marker will approach it.
They’ll probably have only a few minutes to spend reading a couple of thousand words
from each person in your class, so they don’t have the same luxury you had of being
able to turn things over in their mind and consider them deeply. Treat them kindly by
making your points clearly, with appropriately short sentences, separated into new
paragraphs for each subtopic, and then finish by reminding them what they’ve just

heard.

If you only remember one thing about essay writing for the rest of your university
career, remember this:

First, tell your reader what you're about to tell them.

Next, tell them it.

Finally, tell them what you just told them.
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Worked example: planning an essay

One very common temptation for us as scientists is to tell our readers the facts we
know in a linear order. This is commendable, and generally is the best way to do
things, but you might want to alter this approach when thinking about the large-scale
structure of an essay.

Imagine you had to write an essay on this question:

Compare and contrast the various methods used to treat obesity in European
healthcare systems.

There are several things we can predict about the structure of this essay immediately:
there should be more than one method discussed, as an in-depth explanation of what
you believe to be the single best approach is not what the question asks for; the
methods should be directly compared to each other, as it is not enough to explain
them separately and expect the reader to notice how they are similar and how they
differ; only methods common to European healthcare systems should be discussed;
and you should probably include some level of analysis and recommendation in your
conclusions. Being at university challenges you to apply and use your knowledge, not
just prove that you can recall it.

Now, how might your research on this topic be categorized?

If you have been sensible with your literature search, you will have started with
review articles (if this term doesn’t mean anything to you, have a look at Chapter 7 on
researching and evaluating materials, and Chapters 10 and 11 on critical analysis).
These review articles will have been written by very experienced people in the field of
public health and nutrition, and they will have summarized (or ‘reviewed’) the last
several years’ worth of research on obesity. Such wide-ranging articles as reviews will
usually have a substantial introduction explaining what causes obesity, how much of a
problem it is, and why we need to prevent it. Reviews are a rich source of references to
other primary research articles which allow you to a) get more detail and depth on
your knowledge, and b) check the validity and truth of what’s reported in the review.

It's very tempting to immerse yourself in reading background-type articles like this,
but bear in mind that your time is finite, and that your essay question doesn’t ask
anything about the causes of obesity, its prevalence, or its economic impact. Don’t
dwell on interesting surface-level topics like these; move on to reading about the
details of the treatments used.

It's important that you apply the principles from Chapter 9 to your search technique
in order to make your job faster and easier. Most literature databases will allow you to
sort your results by date (reverse chronological order is usually the default setting —
note that this is different from everyday search engines, whose algorithms make
assumptions about what kind of results you’re most interested in and put those at the
top. This means it's inappropriate and risky to think that the top results from a scientific
database are always going to be the ‘best’ ones for your search term). In this case, it's
true that treatments generally improve with time. Perhaps this means you will
download some articles and categorize them by timeframe: 5-10 years ago, 2-5 years
ago, and the last year. This might be an appropriate system depending on your essay
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question, but in our particular case it's not the best. Things might have been different if
the question had said ‘Give an account of the development of modern treatments for
obesity and compare their effectiveness’, but it does not.

This is an important point, as markers in the sciences often complain that their
students’ essays are written with this chronological structure. It’s not an error as such,
but it doesn’t allow us to see whether you've understood the topic at a deeper level,
and therefore falls short of what’s required for a good grade. A historical account like
we’ve just described is called a narrative structure, based around a storyline. A narrative
may sometimes be appropriate in specific circumstances, but it’s too simplistic for this
‘compare and contrast’ type question.

Instead, you might want to categorize the articles on the basis of what is found
inside.

Public health workers, e.g. nurses, sometimes visit schools and talk to children
about healthy eating. They might teach them about: the significance of dietary sugar
and fat; the classical food groups; the importance of exercise in the balance of energy
taken in with energy expended; and about portion control. You might read articles
on all of these types of intervention and categorize them with those same four
headings.

It is also common for health workers to talk to families in their communities about
nutrition. This work might involve explaining to parents how they could serve as role
models for good eating habits, or giving advice on preparing meals that everyone can
eat together so as to more closely monitor and guide the children’s nutrition. You
might do some reading on this and decide these articles fall under the categories of
‘cooking’, ‘meal times’, and ‘budget’.

Then you might find articles about interventions that occur after a child has
become dangerously obese. These could include reports about new surgical methods,
new drugs given to reduce fat absorption from food, or combinations of these. These
could be categorized as articles about ‘surgical treatment’ and ‘pharmacological
treatment’.

Any of these categorizations would be appropriate, and you might think of others,
too. The point of categorizing the articles you read is to help you break away from
writing a historical narrative and instead think about grouping things sensibly.

A structure based on the categories you identified in your research phase is far easier
for a marker to read. We'll give a worked example of how to use reading and research
to inform that plan here.

Returning one more time to our essay question, let’s analyse the wording piece
by piece.

Compare and contrast the various methods used to treat obesity in European
healthcare systems.

This has a typical three-part structure: command, subject, and limits. The command here
is to ‘compare and contrast’. The subject is treatment methods for obesity. The limit is to
stick to methods from Europe. (A limit won’t always be present, and sometimes it may
actually direct you to expand the scope, but the important point is that you don’t forget
about it in the excitement of writing everything you know about the subject.)

Table 3.5 shows a possible structure based on categories we mentioned.
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Intro What is obesity? Define

Why is it a problem?
e Economics — hospitals cost money
e Health - life quality and length are affected

e Society and governance — people are out of work — welfare payments

How does Europe differ from other places?
e Unifying features of ‘European’ healthcare systems
¢ Differences across different parts of Europe

e Do countries across Europe face the same levels of obesity?

Solutions Advice — Sugar and fat awareness in schools

Advice — Exercise

Advice — Cooking lessons

Advice — Meal timing

Advice — Food budgets

Surgery — Case studies on new treatments

Surgery — Large trials on old, established treatments
Drugs — Case studies on new treatments

Drugs - Large trials on old, established treatments

Discussion Remind reader which types of treatment worked very well vs not at all

Remind reader which treatment methods only worked in certain parts of Europe

Make a case for which consideration is most important (low cost? high
effectiveness?)

Use this to justify which treatment you think is best, and would recommend

Table 3.5 One possible structural plan for this essay

This plan is certainly better than a historical narrative that describes how we came to
today’s treatment methods, and it certainly breaks things down into a fine enough level
of detail that you could begin writing an essay from it. Depending on the length of
your essay, you might find this a bit much to fit in. In that case, it then becomes
important to decide what to omit from your initial plan.

lllustrations and visuals in an essay

Essays are primarily a written medium, but the contents don‘t need to be limited to
sentences and paragraphs. A good essay will include visual representations whenever
they serve to make the data or the topic clearer to the reader.

Tables are the natural way to present multiple pieces of data that relate to multiple
characteristics about your samples (or, speaking more generally, about any items that
belong together in a set), so that each item can have its own row and each
characteristic can be described in its own column. Figures are the obvious choice when
an informative visual pattern or shape might be expected to emerge from plotting data
points on a graph, or when you have an image (e.g. a photo of a sample) to include.

‘lllustrations’ is probably the best catch-all term for most other types of visual
representation. These could be schematic diagrams to represent experimental set-ups
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in a simplified way, and these might be created with simple labelled boxes and lines to
show how the different parts are related to each other. lllustrations could also be flow
charts, summarizing steps of a procedure that you have described in more thorough
detail in the text.

For more detail on incorporating visual elements such as graphs, tables, images and
illustrations, including some worked examples, see Chapter 9.

Whittling everything down to a manageable amount for your essay /
dissertation

We've already alluded to the fact that you’ll be able to read far more than you could
ever write about. Even after you think you’ve found a suitable number of articles to
read, you'll probably find you can’t write about them all. Don’t let this turn you into a
purely strategic essay-writer, determined to win the game of fitting all of your reading
into your work. You'll be rewarded with a better grade for producing a high-quality,
clear, well-structured essay that flows well with a reasoned argument than you will for
demonstrating how many articles you downloaded.

The strongest piece of advice we can give you to help you decide what to include
and what to omit is to build a plan like the one we outlined above. Every discipline is
different, as is every essay question, so there’s no simple schema we can give on how
many points an essay should contain. We can, however, give you some questions to ask
yourself that might help you make that decision:

1 How many words do | have left to use within my word limit?

2 How many words will it take to adequately describe the most important points I've
found in each of these articles?

3 What command have | been given? (For example, if it’s a comparison, you'll need to
reserve some of your word count for highlighting the ways things are similar to or
differ from each other.)

4 What type of essay would be best — a comparison between the most diametrically
opposite elements, which could produce a lot of discussion on striking differences,
or a comparison between the most similar elements, which could give you the
chance to discuss the pros and cons of very small details?

5 Are any of these articles similar enough that they could be grouped, so that you
don’t need to worry about describing them separately?

Perhaps the best way to condense your reading to fit within a word count is to think in
terms of larger themes running through the works. For example, the plan mentioned
above could be reduced to something more like the outline here, in Table 3.6:

Intro What is obesity? Define

Why is it a problem?
e Economics — hospitals cost money

¢ Health - life quality and length are affected

e Society and governance — people are out of work — welfare payments

Table 3.6 A revised, more focused essay plan
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How does Europe differ from other places?
e Unifying features of ‘European’ healthcare systems
¢ Differences across different parts of Europe

¢ Do countries across Europe face the same levels of obesity?

Solutions School-based advice

Home and family-based advice

Medical interventions

Discussion Remind reader which types of treatment worked very well vs not at all

Remind reader which treatment methods only worked in certain parts of
Europe

Make a case for which consideration is most important (low cost? high
effectiveness?)

Use this to justify which treatment you think is best, and would recommend

Table 3.6 (Continued)

You would need to work hard to avoid the temptation of still writing about each of
the studies you’d researched anyway. To avoid that, you might want to take these three
broad themes and give them a paragraph or two each, instead of writing one
paragraph about each article. You could say, for example, what school-based advice
usually involves, and have a paragraph about a number of interventions that were
effective. You could then take a second paragraph to mention some studies that had
no effect. In each of these two themed paragraphs, you might also highlight the parts
of the studies you think were responsible for why they were or were not successful. This
weaves everything together in a way that goes beyond a simple narrative, and fulfils
part of the requirement to compare and contrast as you go.

Revising your plan as you go

The last thing we want to say about the planning and research phase of writing an
essay is that you shouldn’t be afraid to alter your plans in light of new things you read,
or new thoughts you have about the topic as you write. Particularly if you have the
flexibility to choose your own essay or dissertation topic, you will most likely change
your mind more than once about what to focus on. The reading and research process
for any written piece of work will probably be daunting, possibly frustrating, and
definitely not a simple, linear process.

For this reason, we’d advise that you don’t begin to write your introduction until
you've got the rest of the text mostly complete. You might decide to drop a whole
branch of your reading because you find that you don’t have space in your word
count. Incorporating too many small pieces of information on related topics is usually
not as good as writing very well about just a few. If you’re worried about seeming like
you've missed big, obvious subtopics out, look for ways to signal to your marker in
your introduction that those subtopics exist, and explain why you’ve chosen not to
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examine them in detail. A signpost like this towards the end of an introduction might
suit our European obesity example:

There have been many school-based interventions across Europe designed to teach
children about the importance of dietary sugar and fat, of exercise, of the classical
food groups, and about controlling the size of portions they take. For reasons of
brevity, in this discussion they will collectively be referred to as ‘school-based
interventions’, and notably successful examples will be discussed in more detail.



The Dissertation

Top 3 staff comments on dissertations:

» There’s lots of minute and unnecessary detail about published experiments.

» It seems to be a big descriptive literature review without a selective focus on any particular
aspect.

» | don’t know what conclusion the student reached or how well they’ve understood and
interpreted everything they’ve read.

Top 3 student comments on dissertations:

» What purpose is a dissertation supposed to serve?
» How do | know when to stop reading and start writing?
» What types of section does a dissertation need to have?

A dissertation is probably the longest piece of written work you’ll produce in your
degree. Depending on the requirements of your particular degree, it might take the
form of an extended practical lab / fieldwork report, or a literature-based research
project. In either case, it will test your ability to come up with a research question,
decide on an appropriate strategy to get some answers, and document the process and
the findings at a depth you probably won’t have gone to before.

Sometimes a student is paired with a research supervisor who already has a
dissertation project in mind. It's common in science for supervisors to want to find out
which of these early-stage projects are likely to yield interesting results, but they don’t
want to bring in a PhD student or a postdoctoral researcher for a long commitment
without first testing the waters. It may also be that a supervisor has a rough idea about
a brand new long-term project, but hasn’t had the time to properly assess the current
literature on the topic enough to decide how to proceed. In both cases, honours and
master’s dissertation projects are an ideal way for research groups to run ‘pilot’ studies
while training up new students such as you.

To reflect this reality, we'll split the following sections into two parts, as some of the
advice for a lab-based dissertation won’t apply to literature research projects, and vice
versa.

If you're writing a dissertation for a master’s degree, the same advice will apply but
your word count will be higher. The biggest ramification of this is that you will
probably have multiple chapters, but the rest of our advice is broadly applicable. As
always, take a steer from your course coordinators on the magnitude of the project
ahead of you as they’ll be the ones marking it.
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The document itself

A dissertation should have very clear boundaries between different sections, similarly to
the way parts of a lab report are clearly delineated. Both lab-based and literature-based
dissertations should open with an introduction that explains the rationale for your
research, and thereafter the styles will start to diverge.

Lab-based dissertation Literature-based project

Title page

Declaration of originality
Abstract

Acknowledgements

Table of contents

List of figures
List of tables

List of abbreviations

Introduction — literature review justifying the need / gap for your research

Materials and methods Methods
Chapter 1: Results
- - Chapter 1
Chapter 1: Discussion
Chapter 2: Results
- - Chapter 2
Chapter 2: Discussion
Chapter 3: Results
Chapter 3
Chapter 3: Discussion

General discussion and overall conclusion

Appendices (if required)

References

Table 4.1 Typical sections of a dissertation

What we've called chapters here don‘t necessarily need to be called chapters,
especially if you're doing a project with one central theme that builds in a linear way
rather than branching out into subthemes. Rather than numbering them as Chapter 1,
Chapter 2 and so on, you might instead give these sections descriptive headings that
signpost what’s contained within, for example ‘1. Nanofabrication Methods’,

‘2. Applications of Nanofabrication’, ‘3. Assessment of a Novel Nanofabrication
Technique’. You also don’t need to have three of these, but a good, substantial
dissertation might typically have two or three different subtopics. Separating these into
clearly delineated sections is a way of helping the reader make sense of the huge
amount of information you’re going to present, so while excessive headings are often
regarded as a way of ‘cheating’ on your responsibility to write in a clear, flowing way in
an essay, they can make for good structure in a dissertation.
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Introduction

This is where you explain the need for your dissertation project, and tell us about the
information we already have on the topic. Is there a gap in our knowledge? Is there a
problem you hope to solve? Convince your reader why your project is necessary. You
might like to imagine that your reader will decide whether or not to fund your
research. What would persuade them?

Your supervisor will be able to help you with the formulation of a research question
and / or a hypothesis (these are subtly different things), and a methodology. If you're
working on a lab-based dissertation, it may be that all of these three things have
already been decided by them.

Lab-based: You should spend most of your introduction creating a literature review.
This is important because you need to show us that your own lab work is based on
a solid foundation of existing conclusions so that we are clear about why you’ve
chosen to begin your series of experiments in the way that you have.

Literature-based: Most of the rest of your dissertation will take the form of an
extended literature review, so you can afford to be more brief and concise with
your introduction. Don’t try to analyse too much literature here yet; simply justify
the need for your research.

As with a lab report, end your introduction with a statement of your aims and
objectives. Budget around 10 per cent of your word count — perhaps less if your
dissertation is literature-based, as your whole dissertation is essentially a literature
review and thus you don’t need to cover so much literature in your introduction — but
adjust upwards or downwards if your supervisor agrees that you have a sensible reason
to do so. Your dissertation supervisor will help you determine how many sources to
draw upon and cite, given the norms in your discipline.

End your introduction by restating your aims, objectives, hypothesis, or research
question.

Materials and methods

In either type of dissertation, you’ll need to tell your reader something about how you
did what you did.

Lab-based: This should take the usual format that you'll be familiar with from
writing lab reports. If you have a large number of methods spanning several pages,
you can think about splitting them into categories with different descriptive
headings, such as ‘gene cloning methods’ and ‘tissue culture methods’. It makes
most sense to group methods according to their purpose, rather than
alphabetically, for example, so that a reader who is interested in an experiment that
lasts a whole week and involves several steps will be able to follow the whole
methodology in a coherent sequence without flipping back and forth.
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Always explain your methods in full. While it might be common to see phrases
such as ‘... was carried out according to the manufacturer’s instructions’, or ‘...
was mixed according to established procedure’ in published articles, dissertation
assessors may want more detail. You need to demonstrate that you are aware of
those instructions. At a viva (formally a viva voce, Latin for ‘living voice’ — an oral
examination which often accompanies a dissertation project) — you may be asked
to explain why those steps were carried out. This part of the exam ensures you
were not blindly following instructions without an understanding of what each
step was actually for, so learn the steps and their rationale early, and write each
method out in full unless advised otherwise by your supervisor.

Literature-based: Since your research is based on published literature, your marker
will want to know how you found it. Some disciplines may demand a very specific
way of detailing your search strategy, while others will accept a looser descriptive
account. Perhaps the most rigorous guideline is PRISMA (Preferred Reporting Items
for Systematic reviews and Meta-Analyses) (Liberati et al., 2009; Moher et al.,
2009) which you will easily find a description of online. This system has developed
since the 1990s as a way for researchers writing systematic reviews in medicine to
be clear and precise about how they chose the papers they decided to write about.
A ‘PRISMA-compliant” methods section would detail things like the search terms
you used when searching your literature database, the number of results you got,
the number of articles you rejected as being irrelevant to the scope of your research
question, and then the process you went through in analysing each paper. PRISMA
is specifically designed for researchers carrying out systematic reviews and meta-
analyses, but even if you're not going to such rigorous lengths in your library
project, you might think about adopting some of these best-practice principles in
your methods section.

Chapters

Chapters are useful if you have different strands to your research. They make things
easier for your reader to digest. If you're using chapters, you’ll need to decide whether
to include a discussion segment in each chapter, or whether to leave the bulk of your
discussion until the end of the whole dissertation. The greater the differences between
your chapters, the greater the need for a chapter-by-chapter discussion, as a set of
quite unrelated results would be difficult to integrate in one long discussion at the end.

Lab-based: Perhaps your project was a completely new one for the people in the
lab where you were based, and this meant you had little or nothing to build upon,
so you ended up trying a few different things at the same time. This kind of
‘portfolio’ project is ideally suited to a write-up in different chapters. Another
reason for chaptering might be that you were testing out two very different
methodologies to try to achieve the same outcome because no one had ever
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attempted anything like it before, so you were evaluating one relative to the other.
If there were very different outcomes for each method, equally rich in learning
points, your reader will probably find it easier to read about them separately. A
third common reason for using chapters is that a project was very successful and
proceeded very quickly, in which case you’d end up with lots of data garnered
from successive experiments. If you can identify natural points at which to break
these findings into distinct ‘stories’, each with an aim, an investigation phase, and a
result, then your chapter structure would follow these delineations.

Literature-based: The same principles as above regarding whether to break into
chapters will apply, but your presentation and your discussion of the literature
should be much more closely integrated. This means you won't have a need for
separate results and discussion sections. Chapter 11 — Producing a Draft and
Building Your Argument will show you how to use your reading to formulate your
thoughts into a coherent argument and then structure this appropriately into
paragraphs and sections.

You will need to consider how your reader will deal with all this new information.
Think carefully about which facts need to come first; lay out the basics of your field
before you progress to complex analyses; and remember that your audience for
any university work should be educated peers, so don’t write with someone who is
already a subject expert in mind. Your marker needs to see evidence that you have
a good understanding of everything you’re saying, so you can’t afford to take
shortcuts.

Review articles will make good models of how to carry out a dissertation. Find a couple
of fairly long review articles in your field (tens of pages) and dedicate some time to
reading them with an eye to their structure. Look at how much information the
author(s) give in the introduction vs how much they leave until the main body of the
article. Next, look at how many headed sections they have. Can you see a logic to
the way they’ve divided these up? Are they dividing by major topic? Are they dividing
by the type of analysis they’re performing? Look at whether they do any sort of
discussion or conclusion in each section before moving on to the next, or whether this
is done in a separate section at the end. Pay attention to the language they use for this.
You might be able to incorporate some of those useful phrases into your own writing
to make it more professional.

Your ability to critically analyse literature plays a major role in determining how well
you score in a dissertation; see Chapter 10 on being critical for more on this.

General discussion

Your supervisor will be the best-placed person to advise on the balance between your
chapter-by-chapter discussions and this general discussion at the end. You will certainly
need one main final conclusion; regardless of how extensive your chapter-by-chapter
discussion sections are, you’ll still need to tie up the scientific discussion you opened in
your introduction. It should serve exactly the same function as a conclusion to an
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essay: it’s your chance to remind your reader of the highlights of your findings, and to
relate them back to the wider theoretical concepts you introduced at the start, or to
demonstrate the real-world applicability of what you’ve shown.

Appendices

These are usually required only if you have large datasets, or if you have carried out any
statistical analyses and you think it would add value for your reader to show the
detailed tables of results from those tests. An appendix is a place to put data for
reference only, so it shouldn‘t include any discussion or interpretation. Readers will only
turn to an appendix if directed to do so in the main body of the text, after which they
will turn straight back to the main body, so don’t spend time making this section
beautifully written. It should be a simple, functional addition to your dissertation that
serves as a data archive. Each individual dataset should be presented in a different
appendix / numbered subsection within your appendix. This makes it easy for your
reader to turn to the right page quickly. For the same reason, your table of contents
should also include a line for each appendix or each subsection.

References

As with any piece of academic work, your list of referenced materials should come at
the end. The choice of format (Harvard, Vancouver, APA, etc.) may be up to you and
you should check with your university before you begin so that you don’t need to
spend time reformatting this later. Organizing your references will probably be the
second most time-consuming of all of your dissertation tasks — the first of which will
probably be ensuring that your data is properly displayed (Chapter 9 — Working with
Data), and that the whole dissertation is properly formatted page-by-page, so be sure
to leave plenty of time for referencing.

You need to check that your in-text citations are all correct, and in the right place
within each sentence or paragraph. You also need to check that your reference list
meets the criteria set by your markers. If they don’t specify exactly which style to use,
pick one and stick to it. Consistency throughout your dissertation is far more important
to your reader than your choice of whether to put the title or the author’s name in
capitals, for example. See Chapter 8 for more detail on how to use other people’s work.



The Poster

Top 3 staff comments on posters:

» The best posters contain a lot less text than you might expect.
» Standing by my poster at a conference is the easiest way to network.
» | make up my mind about whether to read a poster or walk past in about five seconds.

Top 3 student comments on posters:

» Aren’t posters a little childish?
» How many columns should they have, and at what font size?
» I’'m not sure how to make this different from an essay printed on a poster-sized piece of paper.

Posters are an unusual beast. Very few people outside of the advertising and
merchandising industry use posters to try to communicate with an audience, so
creating one for a non-commercial purpose can be a challenge for a student until it’s
clear what its job is to be.

Posters are designed to be read by a standing or walking audience, displayed as part
of a larger collection. This means that part of your poster’s job is to make someone stop
and read. As a student, you'll be asked to make posters to show you can balance the
requirement to communicate your knowledge or data against the skill of being concise.
The audience won't begin to read if there’s too much text to get through in a couple of
minutes. You need to become proficient in identifying your major points, convincing
the reader why they’re worth reading about (i.e. opening with a strong introduction),
and perhaps supporting all of this with images, figures, or graphs. Visuals should attract
a walking audience member, and should help you convey a lot of information without
resorting to long blocks of text.

If you go into a career in academia, you’ll have to create posters to take to
conferences. If not, posters created for your degree will probably be displayed in a
similar setup, for example, in an open space for people to walk around. Conferences
are opportunities for researchers to get together and listen to a small number of
presentations from selected experts over the course of a few days, and to meet other
researchers who may be working on similar topics and share notes or set up
collaborations. A poster acts like a quick advert for a scientist and their research, and
they’re usually displayed at specific networking sessions during the course of a
conference where everyone is free to walk through the display hall and speak with the
authors while they’re standing next to their posters.
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The format and layout

Posters are typically printed at AO or A1 size. This perhaps gives you more space than
you've ever used for a single-page document before, but don’t forget that it has to be
read from a distance of a few feet. As an exercise, print a page of text and put it on
your wall. Stand back far enough that you would comfortably be able to see a whole
AO sheet of paper from that distance, and ask yourself if the font needs to be larger.
Usually, on a first attempt, the answer is ‘yes’.

The human eye isn’t accustomed to reading long horizontal pieces of text. This is
perhaps one reason that books are usually presented in portrait layout, and why
newspaper articles (and scientific ones!) are presented in columns. Your poster will need
to be split into columns too, unless you’ve opted for an unusual layout to reflect an
unusual idea that may be best represented in a non-linear way. These columns should
read from top to bottom, and progress from the left edge of the poster to the right.

You may want to go further with the visual organization and give each section its
own box, still arranged in columns like a scientific article. Of course, you’ll need
headings on the sections, but anything you can do to subtly help the potential reader
orient themselves with the content will make them a little more likely to stop and read
your poster.

Remember to include a small reference section at the end. You are unlikely to use
lots of references, particularly if your poster relates mainly to some work that you
carried out yourself, but it’s still crucial that you cite your sources appropriately. Make
sure that you also give named credit to anyone who contributed to the poster in a
by-line below the title, and to acknowledge any funding bodies who supplied money
for you to be able to carry out the work. This is typically done by incorporating their
name or their logo into a small section of acknowledgements.

Attracting your audience

A good poster should be at the same time eye-catching and professional. Bright colours
are sure to catch the eye, but would you really trust the scientific findings of someone
who worked in neon colours and added gratuitous decorations? We've certainly seen
some well-made interactive posters where the audience were able to, for example, pull
various tabs to change the images visible through cut-out windows on the poster to
illustrate the different stages of a molecular process. These embellishments were added
for a sound educational reason, though, so be cautious with your enthusiasm. You are
expected to make your posters professional, which means paying attention to the font,
the colours, the layout, the images, and the language you choose to use.

Images and figures

We want you to feel encouraged to make liberal use of these in your posters. The
average viewer will be willing to dedicate only a few seconds to deciding whether they
should stop and read your poster or move on to the next one. Images and figures give
them something easy and intuitive to look at, they reduce the number of words your
audience must read, and they give you something engaging to discuss if an audience
member decides to approach you and ask questions.



The Abstract

Top 3 staff comments on abstracts:

» Students dive right into the details of their experiment without explaining the rationale or theory
behind the work.

» This section should make someone want to read more, so it needs to be concise as well as
conveying the impact of the findings.

» Don’t just describe what the reader will find in the rest of the piece; tell them the interesting
information now.

Top 3 student comments on abstracts:

» How long does an abstract have to be?
» How much detail should | go into?
» Should | tell my reader what my results are, or leave that for the main body?

Even though they’re usually very short pieces of writing (200-300 words), we’ve given
abstracts their own section here because they’re a very common academic format.
Although they can be attached to several different types of longer pieces, the format is
always the same.

The purpose

An abstract is a short piece of summary text found at the start of a longer piece of
work, such as a scientific article, lab report, or in a conference programme to advertise
each presentation. Its job is to relay the main points of the main piece in such a way as
to make any potential readers take notice and decide to read on. You’ll find one at the
start of every peer-reviewed scientific article. This is necessary for the survival of journals
because the publishers rely on readers paying a subscription to read the articles. If
potential readers didn’t have access to the abstracts, they’d only be able to see the
article titles and the names of the authors, making it highly unlikely that any readers
would ever pay to download an article. (As a student, your university library will almost
always pay for your access to articles. In Chapter 7 — Researching the Topic and
Evaluating Your Materials, we’ll explain how your library may have a budget to pay for
articles published in journals that they don’t subscribe to. If you ever come across an
article like this, but the abstract makes it sound particularly useful, showing the abstract
to your course coordinator or librarian may help convince them why they should pay
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for it on your behalf.) This means the abstract should advertise the science to the
reader: it should want to make them know more.

As a student, you'll potentially need to write one at the start of some of the longer
lab reports in your degree. You might not be asked to do this in your first year, but you
almost certainly will by the time you get to your final-year project. Master’s theses and
PhD theses need abstracts too, so if you plan to go on to have a career in academia,
you'll need to become familiar with how to create a good one.

The good news is that the abstract should only contain information found in the rest
of the piece that follows, so you simply need to identify a few key parts of your story
and package them up in this one summary paragraph. It also means you should never
make any claims that aren’t supported by the text.

The content

You can think of an abstract as answers to the most important standard questions a
reader might have:

What did the researcher(s) want to know?

How did they go about finding out the answer?
What did they find?

What does this mean for us now?

These questions should be answered within a few hundred words. When double-
spaced, it would certainly be unusual to find an abstract stretching to more than a
single side of A4.

So how do you make your science seem appealing? We're not suggesting that you
should inflate your results to make them seem more impactful than they really are. The
data are the data, and a negative answer is as scientifically interesting as a positive one.
Rather, think about the real-world significance of your work. What was the gap in our
knowledge that meant the project was worth carrying out? Tell your reader so they can
appreciate the context.

When it comes to describing the methods in your abstract, the reader doesn’t need
to know every technique you used. Instead of focusing on the methods, consider
describing the methodology. The word methodology relates to the broad type of
approach you took. For example, ‘Using postal questionnaires, the perceived
effectiveness of home-based nursing care vs hospital care of elderly patients was
evaluated’ or ‘This investigation looked at the excitation and ionization of various
isotopes using femtosecond laser radiation delivered across a range of wavelengths.” The
details of which methods were actually used should go into the Methods section in the
main body of the piece.

You can summarize your results very briefly in an abstract. Your reader is probably
only interested in the one main finding — the maximum value, or the optimum value,
or whatever else is absolutely key in your specific research.

Finally, the question of ‘What does this mean for us now?’ is subtly different from
‘What did the researcher(s) want to know?’ as the former deals with generalities and
the latter with specifics. If surveys suggested that patients were unhappy with their
home-based nursing care, perhaps the recommendation at the end of the abstract
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(and, by definition, the end of the report itself) should be to reduce the healthcare
system’s reliance on home-based nursing, or to address the reasons for this perception.
If the laser experiment deepened our understanding of quantum behaviour, perhaps
this would open the path for new experiments we had never conceived of before.
Forward-looking statements such as these make good endings to abstracts.

Common errors

An abstract should never contain information not found in the body of your research.
It's important, too, that you don’t twist your findings or augment your data to make it
sound ‘sexier’. A study published in the Journal of the American Medical Association
(JAMA) looked at a sample of peer-reviewed articles and counted the percentage of
abstracts containing errors or miscommunications about the content contained in the
articles themselves, and found a surprisingly high frequency (Pitkin et al., 1999).
Another study featuring the same lead author assessed whether it was effective to
intervene during the peer-review stages by adding a cover note to the articles’ authors
explaining the nature of any deficiencies uncovered in their abstracts (Pitkin and
Branagan, 1998). The intervention was alarmingly ineffective. If you are interested,
read these two articles. You will gain some insight into the types of errors it's possible
to make, and perhaps this knowledge will stop you from making the same mistakes
yourself. (Note: Ironically, you’ll notice that the structure of the abstracts of these two
articles is slightly different from what we’ve just described. JAMA has an in-house style
which dictates that every article’s abstract must follow a very strict pattern, complete
with standard headings. This is an exception rather than the rule, so don’t be confused
when you encounter it.)
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Researching the Topic and
Evaluating Your Materials

Top 3 staff comments on finding materials:

» Some sources used aren’t academic enough.

» Some students use academic databases the same way they use search engines, which means
they trust what they’re shown at the top of the results, and don’t know how to find the most
relevant sources.

» Source material often isn’t woven together into a new structure very well.

Top 3 student comments on finding materials:

» What range of source types do | need to read?
» Is Google Scholar useful at university? Where should | be searching?
» How many sources is enough before | start writing?

The most daunting part of a written assignment is often knowing how to get started.
What should you do first? Where should you go to find information? How do you even
know what information to try to find? Usually you’ll need to base your work on
something someone else has said previously. Whether you're writing an essay, a lab
report, or a large dissertation, you need to convince your reader that what you'll say is
based on solid science. To do that, you need to walk them through the key parts of
what that science is. To do that, you’ll need to make sure you’ve found it and
interpreted it appropriately.

‘Gathering materials’ also describes the process of choosing what to present from a
collection of results you've generated yourself. We'll cover that towards the end of this
chapter in the section about Evaluating and refining your materials on p. 54.

Throughout this chapter, we’ll describe how to quickly find relevant information
from:

e books
e scientific journal articles

and we’ll move on to discuss how to evaluate each of these source types, as well as:

e internet sources
e your own experimental findings.
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Books

Uses

Books are used routinely in the early stages of an undergraduate degree. In science, the
first year is often spent providing you with the necessary facts that you’ll need before
you can move on to higher levels of analysis and synthesis of your own ideas. Much of
this basic knowledge is therefore long-standing and well-understood. The nature of
book publishing is such that the time between a book’s beginnings in the mind of an
author and the date it reaches a bookshop or library shelf can be several years, and so
books are not a good way to publish up-to-date knowledge in fields of active research.
Their use is in helping you with the basics: the laws and the dogma of your subject.
Don’t be afraid, then, to begin your research phase in a book.

No modern scientific textbook was ever designed to be read cover-to-cover. They
are broken into chapters and subsections. This means you can go directly to a specific
section after deciding what you want — or need - to find out. With the use of an index,
you can narrow down your task to a single page without ever troubling yourself with
the rest. A really well-produced book will have cues on the pages to help you skim-
read: regular headings; subject-specific jargon in bold; regular cross-references to other
explanations elsewhere in the book; and so on.

Bear in mind, also, that not everything in a textbook is meant to be understood by
someone at your level. The first-year biology textbook at our own institution, for
example, has concepts that aren’t taught until final year, and even then only in one of
the twenty or so different biology degrees. Don’t be put off if you find concepts that
are greatly removed from the level of detail taught by your course staff. The book
authors didn’t write the textbook specifically for someone on your degree, at your
university, and in your year, but as long as you keep using your textbooks, you'll
become better at spotting content at the appropriate level for you as time goes by.

Extracting just what you need

The really accessible textbooks authored with a university audience in mind will have
several cues to help you decide where to dip in and out. This will help you be more
efficient with your time when doing research for your written assignments.

The overall structure of a textbook is likely to be split into several broad parts. These
will represent the overarching themes. Within these main parts you will normally find
the chapters of the book. If you think of the themes as the equivalent of modules on
your course, chapters might be the equivalent of individual lectures or small lecture
series on particular topics. You might be told to read a chapter over the course of
several days, perhaps to serve as an accompaniment to the material you're taught in
class over a week. Chapters are the main divisions within a book, but its useful to think
about the internal structure of a chapter before you go reading through a whole as
research for your essay.

Well-written subject textbooks may have summaries at the end of their chapters.
These serve as the book’s equivalent of the intended learning outcomes for your degree
course. If you're looking for information on a specific topic, finding the relevant chapter
and beginning to read is one way to proceed, but you might save yourself some time
and effort by starting with the last page of the chapter to see what's in the summary. If
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the concepts sound very familiar to you already, take that as a cue that maybe you
won’t get as much return on your time-investment by choosing to read this section in
lots of detail. Instead, perhaps you could be more efficient with your time by skipping
straight to the pages within a chapter listed as covering concepts that are new to you,
thus helping you to spend your study time in a more focused way.

Look also at the way the information is presented. Is the book printed in such a way
as to highlight the technical vocabulary you’re supposed to be learning? If the pages
feature text boxes with examples or definitions, or if the new subject-specific jargon is
highlighted in bold font, and so on, think of these as the highlights and headlines of
the chapter. You might be able to skim through the pages by only paying attention to
these, again with the intention of identifying which pages are full of information you
already know and which will teach you new concepts. When you find these, slow down
and make a note of the information if it seems like it will be useful for your writing
assignment.

Access

Your first port of call should be the physical shelves of your university library. If a text is
listed by your university as ‘recommended reading’, they will almost certainly have it in
their inventory. Books required for large courses will often be held as multiple copies,
possibly in a short-loan section to ensure no student should have to wait too long to
get access to it. Publishers of eBooks may make their texts available through your
library, should your university pay for access on their students’ behalf, and they may
allow different levels of access. Some will only be viewable in a web browser. Some
may be downloadable as PDFs with time limits on how many days the file will open
before it refuses access and you need to go back to download it again, effectively
limiting access to currently enrolled students. Some publishers may just make the
eBooks available as standard PDFs, accessible forever after you download them, so take
advantage of any of these you might come across while you still have your student
login.

Journal articles

Uses

Journal articles are relatively short pieces of scientific communication from a group of
researchers to the world at large. Publication of articles is the way scientists in academia
build their careers; someone might make the most amazing breakthroughs, but if they
never tell anyone, they won’t be able to progress in their career for long. Without
publishing, they won’t be able to prove to anyone what they’ve done. Without proving
what they’ve done, they won't be able to ask funding bodies for more money. Without
money, they won’t be able to pay for lab workers and equipment to continue the line
of research. (A university usually doesn’t actually pay most of its scientific researchers
directly: the researchers apply for grants of money to pay the university to keep the
lights and the heating on, and, of course, to cover their own salaries.)

This is all important because it tells you something about what'’s going to be found
in journal articles. They’re going to contain discoveries that need to be shared with the
scientific community so that everyone can move science forward, and things to impress
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funding bodies. What they’re not going to contain are concisely presented lists of facts
that will be useful for any one particular assignment.

This means you need to get into a habit of deciding what information you want
from a journal article, looking for it in a targeted way, noting it, and then deciding
where to go next.

Extracting just what you need

The standard format of a journal article is the same as for a lab report: Introduction,
Materials and Methods, Results, and Discussion (IMRaD). (Sometimes the Discussion
might be called a Conclusion, and sometimes both of these sections will be present.
Structural nuances like this are usually not within the control of the authors, but are set
out by the style guide of the journal to make sure all the articles that they accept and
publish are equivalent.) Knowing where to find different types of information helps you
to be more targeted with your information gathering for your assignment. Here’s a list
of common questions you might try to answer when reading a paper, and which part
of it you'd focus on to get clarification:

Question / uncertainty / query / reason | Section to read

for reading

You're unsure whether an article is specific
enough to the topic of your assignment.

Introduction — to check the background to the
work and the aims.

You need to design your own experiments
for an independent project.

Materials and methods — to see how a technique
is carried out. Perhaps also Results to see the
typical type of output.

You need to review literature, perhaps for
a dissertation. In other words, you need
to be able to briefly report other people’s
findings and summarize our current
understanding of the field.

Results (see also subsection Evaluating and
refining your materials on p. 54 for more on
judging the quality of someone else’s findings,
and Chapter 10 on critical analysis).

Conclusion/discussion — though these generally
need to be read in conjunction with the Results
section as Conclusions can contain generalities
and theorizing.

Table 7.1

Extracting just what you need from journal articles on a preliminary reading

These are places you might start reading in order to decide whether an article is

worth reading in depth. Professional scientists rarely read an article from the first word
to the last word in sequence, so we hope that by getting you into these same habits of
looking quickly at the most relevant section for your purposes, you can more quickly
decide whether to abandon reading an article that won’t actually be of much value to
you. Just remember that reporting on a scientist’s conclusions without checking
whether you believe that they are actually supported by their experimental data is a big
scientific error. Assessing credibility is discussed further in Chapter 10 — Being Critical.
After you have found what you think to be the most crucial piece of information for
your current requirements, you will need to go back and read the rest of the paper.
This is where it becomes important to keep track of everything you’ve found so that
you can formulate your own mental overview, and then integrate all of this with your
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writing. Holding on to lots of pieces of information on a variety of articles in your head
quickly becomes an unmanageable task. We propose that, at the very least, you make a
note of five bits of information on each paper in some kind of note. Different students
we’ve worked with do this in different ways. It may be as simple as a piece of paper
physically attached to the front of a printed article; it may be a spreadsheet that serves
as the basis of a plan for your eventual essay; or it may be a project management app
or website (you can read more about these on p. 54). The five minimum pieces of
information we’d recommend that you note down are:

1 Who wrote it, when, and where? This is essentially the referencing information.
You’'ll need to make sure you can pair up the notes with the article they refer to,
should they become separated.

2 What did the authors want to find? What was the background to the article, and
how would this new piece of research fill a gap in our previous knowledge?

3 How did they do the investigation? What methodology did they use?

4 What did they find? What was the major discovery? What were the individual
discoveries that contributed to this?

5 Do you believe them? Does the data support the conclusions made at the end of
the article? Can you find any reasons to doubt the validity of any parts of the
authors’ claims?

Again, these points will be expanded upon in Chapter 10 — Being Critical, but we
reiterate them here because it’s important for you to get into the habit of collecting
these bits of information as you go along to make your job easier later. Don’t feel you
need to write these notes in a formal academic tone, or even in English, if that’s not
your native language. They should be helpful for you later and nobody else will ever
need to read them, so if typing them in French, in Comic Sans font, on a pink
background is what you prefer, then go for it.

While you’re doing this, you might also find it useful to make a note of whether you
found an article easy to read, or difficult, or boring. Think — even briefly — about why
this is the case. Reflecting on your reading like this might help you think about good
and bad academic style, and thus what you want to emulate or avoid in your own
writing. Unexplained jargon and poorly labelled graphs are two classic examples we
commonly hear about from our students. Use your reading, then, to inform the style
you want to adopt yourself.

Access

A common way of discovering new articles is simply to start with the ones given as
references by your lecturers, perhaps at the end of a class, or listed as recommended
reading. Expand your knowledge base by following the references within those and
broaden outwards into related articles. That way, you can be sure you're following a
kind of historical chain showing how we’ve arrived at our current level of
understanding instead of blindly searching online, which can be daunting if you've
never done it before.

When you're ready to start doing your own database searches, don’t just go to your
favourite search engine and throw keywords into it. We cannot stress enough how
important it is to think carefully about where you go to do your search, as well as how
you carry it out.
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Searching via library websites

Your library website almost certainly doubles as a searchable database of everything the
library holds. Depending on the scale of your institution and the resource they’ve been
able to invest in designing the webpages, you may be able to search not just for books,
but for journals your university subscribes to, or it may go deeper and let you search
for individual articles within those journals. Poke around on your website to see what
functionality you have, and ask the librarians if you want them to explain anything

for you.

Rather than someone who checks books in and out, the term ‘librarian’ at a
university usually refers to someone with an in-depth knowledge of all of the resources
available to students. They will negotiate deals with book publishers, buy books when
new courses are offered by an institution, and communicate with the people who run
journals. You probably have different librarians who specialize in different subject areas.
They’re there to make your access to information easier, so don’t be afraid to ask them
or their assistants how your university’s particular system works.

The benefit of accessing a journal via your library web pages is related to
subscription fees and logins. Most peer-reviewed journals are not open-access (that is,
they are not freely available to anyone) and so you either have to pay a membership
fee, or pay-as-you-go to download the content. In paying your student fees, you are
paying for the university to subscribe to all the major publishers on your behalf. Your
subject librarians will be continually checking that all the relevant publishers for the
degrees offered by your university are included in this list, and so by searching from
your university web pages you are usually guaranteed to only get results from journals
you have access to. This takes away the pain of searching by other means and finding
yourself at a page asking you to pay $30.

In some cases, you may desperately need an article from a journal outside of your
library’s subscription list. It’s worth approaching your subject librarian with details of
the article and a justification for why you need it, and asking if they have a budget for
such eventualities.

Searching via academic databases

Your university library’s search pages are good for all of the reasons above, but they are
usually necessarily generic, and may not have some of the more advanced and very
useful functionality found in subject-specific academic databases.

Academic databases are essentially very specific search engines that return only
results from reputable sources of academic literature, such as the publishers of peer-
reviewed journal articles. Some examples of such databases include Web of Science,
Chemical Abstracts, Scopus, and PubMed. These academic databases are the method
of access that we hope you’d use because you can usually:

e be much more specific with your search terms and the search operators you put
between them;

o tell the webpage what type of information each search term is about (author, title,
general keyword);

e specify the date range you're interested in;
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e limit results to the type of article you want (primary research, review article,
editorial, etc.).

... and they often allow you to do quite complex searches.

For example, you may try five or six different combinations of search terms before you
decide which keywords are most effective, and then you may quickly compare the titles
of primary research articles with those of reviews to get a feel for what's available. After
experimenting like this for a while, you may decide the best results would come from
combining the second and the fourth search strings you tried, as well as the date range
you used on your fifth attempt, and the article type you specified in sixth search.

A good academic database will provide a history of your search strategy and allow
you to combine your favourite elements to run one final ‘super search’. Your library
search page is unlikely to offer such a powerful tool. If any of your written assignments
ever need to include a formal literature-review section, where you report on your
findings from scientific publications before embarking upon your own discoveries, your
work may benefit from a clear explanation of your search strategy. Using a good
academic database with a thorough list of search functions like this will allow you to
create this section demonstrating your rigour. Speak with your course staff to find out if
and when this will be beneficial for your particular assignments.

Again, your university library will probably pay a subscription that allows you to use
the most relevant academic databases in your subject, or perhaps to use extra features
that would not be available to the general public. Different databases specialize in
different areas (biology, chemistry, physics, etc.) so speak to your lecturers or your
subject librarians about which database they’d recommend for your degree.

Search engines have trained us to trust the first results they show us. That’s possible
and reasonable because their algorithms will prioritize results on various criteria (such
as which result people most often choose when they use the same search text you
used, webpages and searches you’ve used recently, and an unknown number of other
proprietary secret calculations that none of us are privy to). Academic databases,
however, usually present you with the most recent results first. You need to be aware
that the chances of these being the most relevant results for your particular purpose are
extremely small.

General search engines have also trained us not to blink an eye when we see a
number of results in the tens of thousands. With no default sorting in an academic
database other than chronological order, finding what you actually need is like finding
a needle in the proverbial haystack. Often, students just take what looks sort-of-
reasonable from the first few pages of results, and make do with these.

Instead, you should think carefully about your search string. Can you add more
terms to narrow it down? Can you use alternative words to mean the same thing? Can
you use truncation with wild-card characters (these will be specific to each database,
but commonly an asterisk is used) to catch alternative spellings or forms of a word
(e.g. ‘inflam*’ instead to catch ‘inflammation” and ‘inflamed” as well as ‘inflammatory’)?
Can you narrow down the years you're interested in? Do you need all types of paper,
or are you perhaps just interested in review articles at this stage?

Find a search strategy that finds you several tens or hundreds of results only. Take a
hot drink and half an hour to scan through the titles returned by this search, open the
abstracts of the ones that sound interesting, and decide whether to download them for
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reading later. This will be far more effective for your knowledge and your grades in the
long run than picking only those that came up at the top of the list because they’re the
most recent.

Keeping track of all your sources

Reference managers such as EndNote, Zotero, Mendeley, or ReadCube will help you keep
a catalogue of all the journal articles you read in your student career. You can usually add
notes to your catalogue entries, and most include a way to easily slot your references
automatically into your documents as you type, which will save hours of your life.

Project management tools such as Evernote will help you keep different tasks
organized with separate folders. You can collect all of the website URLs, lab data,
images, and so on, into a folder alongside your essay draft, and access these from
anywhere with an internet connection.

Evaluating and refining your materials

Not only is it difficult to know where to start, it’s also difficult to know when to stop. In
our day jobs, we are both regularly faced with students who have amassed large
amounts of information but have not yet figured out how to create a sensible story, or
extract the main findings from it all. It's important that you find a way to keep track of
what you’ve discovered so that you can periodically step back and take an overview.

The good news for you is that not everything in that collection of thousands of
websites and texts about your topic is worth your time reading, but the bad news is
that not everything is as simple and objectively true as the scientists who discovered it
would want. In this next section, we’ll show you how to evaluate the usefulness of a
source from the internet, from books, and from scientific journals. When you’ve
finished this chapter, we’d recommend that you also look at Chapter 10 — Being Critical
for more detail on how to evaluate specific results and datasets.

After you've read this chapter, you will want to think about assembling your research
into the skeleton for your own work. Structure will be covered in Part Three of this
book.

Deciding what's useful

As we mentioned in the section on the uses of journal articles (p. 49), every scientist
who writes an article has several masters to serve, and it’s useful to be aware of these
motivations so you can begin to recognize why you’re being told certain things in
articles. First, there is the simple desire to share what they’ve discovered with the wider
scientific community. Second, there’s the desire to show value for money to the body
who funded the research grant that paid all of the lab costs. Third, there’s the desire to
progress the scientist’s own career by having their article accepted into a journal with as
high a reputation as possible. Fourth, and increasingly as time passes, is the need to
demonstrate all of these things to the academic host institution employing the scientist,
as university staffing decisions rely more and more on the quality of publication records.
Notice one thing: none of these reasons are related to producing education or training
resources, both of which you are seeking in order to improve your writing.
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Website authors, too, will have their own motivations for making information
available to you. You might be looking for government policy documentation in order
to compare it to the recommendations in the scientific research behind it, or for
generic background information to help you decide what to search the academic
databases for, or simply just to find teaching materials to help you revise your course
content. All of these are legitimate reasons to search the general pool of information
available online, and you need to be cautious about who wrote these pages and why.

Finally, when it comes to writing your own lab reports, you’ve got to cut through
the potentially very large sets of results. Not all of this will be interesting to a reader,
because they won't all answer the question you told them you were going to
investigate in your introduction.

So what does all of this mean for you?

This means you will have to read with a critical eye and to look out for the specific
parts of articles that seem relevant to your topic. Ask yourself why you chose to
download or print an article. Are you interested in the methods the researchers used?
In the question they tried to answer? In the findings you have read about in the
abstract? If you can identify one of these things, you’re in a much better position to
read the paper without having to pore over every word and every detail. Note that this
reading strategy is useful for saving time and deciding when to abandon an article
during the early stages of your research. You must still assess all of the elements of an
article. On p. 51 we spoke about making short summary notes on what an article
contained. We said you might want to note down:

The referencing information, in case your notes get separated from the article.
What the authors wanted to find out.

How they set about doing it.

What they reported.

Whether or not you believe them.

“nhWN=

Let’s look at this final point. It doesn’t only relate to articles — you should assess the
reliability of any information source you choose to use. This means looking at who

wrote something (credibility), why they wrote it (purpose), and how long ago they
wrote it (recency). We'll take those one at a time.

Evaluating credibility

Websites can clearly be written by anyone with a few dollars and some time. As with
Wikipedia, there are no guarantees that a website author has any credentials in the
subject. Take visual cues from the website that indicate how much time and effort has
gone into its design, into securing a reasonable URL, and about how frequently it might
be updated - that is, how professional the website’s curation is. You may find an ‘About’
section with details of the people or organization in charge of a website. Ask yourself
whether anything in these details suggest that the authors are qualified to talk about
the topic. Do they have academic credentials? Do they have experience working in a
field? Generally speaking, experience alone is not regarded as giving much credibility,
because all that guarantees is that an author has many anecdotes to draw on.

Books can similarly be written by just about anyone. With the rise of vanity
publishing and automated self-publishing, anyone with enough money can publish a
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book on any topic they like. Finding something in print is not, therefore, a sign that it is
any more reliable than something found online.

Take care to check the publisher’s details too before relying on a book for academic
information. The books in your university library will all have been vetted by members
of staff at the time of purchase, so you can probably put your faith in these. Academic
publishers will send their books out for peer review in the same way as journal editors
do with articles. If you come across a book elsewhere, though, perhaps it'd be prudent
to check you’ve heard of the publisher, or to look online to get a sense of how
reputable they are and how many other books they have released in this field.

With both websites and books, be cautious of people who claim to have PhDs or
Professorships in suspicious-sounding topics. Qualifications can be given by online
organizations with little, if any, evidence of someone’s ability. Dr Ben Goldacre, medical
doctor and science-communication columnist for the Guardian newspaper, famously
purchased a certified professional membership of the American Association of Nutritional
Consultants in the name of his dead cat, Henrietta, for the price of $60 (Goldacre, 2007).

You can generally trust that someone who publishes in a scientific journal knows
what they are talking about, as journals usually rely on a rigorous system of peer
review. This means that any time a scientist submits their experimental report to a
journal for consideration, it is sent out by the journal’s editor to other experts in that
specialism. They get a chance to check that the methodology was appropriate for the
question being asked, that the appropriate controls were used, that the conclusions are
reasonable given the results observed, and generally get to critique any problems they
can see. If they recommend that more practical work must be done or that sections
need to be rewritten, it can be returned to the author(s), who get a chance to address
those deficiencies and resubmit. At this stage, if the article passes the requirements of
the peer reviewers and the journal editor, it can be published.

There’s little more you can add to this fairly robust system, except perhaps to check
the background of the journal itself. Unfortunately, there has been a recent trend of
bogus journals reaching out to scientists to ask for submissions, rather than waiting for
scientists to approach them with work that’s ready to be seen. This lowers the bar for
quality, and introduces to the market scientific articles that are not as reliable. Several
investigative reports have established that some of these new journals will publish
anything they can get their hands on — even nonsense articles generated automatically
by computer algorithms stitching together sufficiently academic-sounding sentences
(van Noorden, 2014)!

But, overwhelmingly, if you find an article in a peer-reviewed journal, you can trust
in its authorship. (Note that while the authors may be credible, this does not guarantee
their research is perfect.)

Evaluating purpose

If you're arrived at an informative webpage from a search engine or any other link,
spend a few minutes looking at the website’s main pages and ask yourself why it exists.
Does it have a shop? It's extremely common in the biological sciences, for example, to
find websites selling supplements, and their sales are supported by extensive pages
claiming to be scientific information about their effectiveness. If the author has any
agenda other than the publication of science, you may have to assume that anything
they’ve written is biased in favour of supporting that other goal.
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Similarly, books can be self-published in order to further a career, or to indirectly
generate interest in an author so that people research them, find their website, and
end up buying something.

Then there are categories of grey areas, such as charities and support groups for
people suffering from conditions or lobbying for changes in laws. These websites may
be full of genuinely appropriate and authoritative pieces of information, and it can be
difficult for you to tell when this is the case. If in doubt, avoid these sources.

Peer-reviewed articles are, again, likely to be safe in this regard. Any conflicts of
interest should be declared in a note somewhere near the start or the end of any article.
The advice we gave in the section above on Evaluating Credibility also applies here.

Evaluating on the basis of recency

The age of an article, book, website, or other material does not in itself cast doubt
upon its validity. By nature, though, science is a progressing and self-correcting field,
and anything from more than perhaps a couple of years in the past has possibly been
superseded by a new, better, more in-depth, more rigorous, or otherwise superior
understanding. There isn’t a cut-off point at which we’d regard a source to be out-of-
date, as this entirely depends on the kind of information being presented. The structure
of DNA, for example, is still a double-helix, just as it was when it was discovered in
1953. We know a lot more detail about this, though, and you would let yourself down
if you found the 1953 article and ignored all of the research between then and now,
and your grades would suffer accordingly.

Your tutors and lecturers will be able to give you an idea of a reasonable period from
which to source your information on a given topic.

Categorizing your reading list

As you go along (note: that's worth repeating — as you go along), make time to think
about what larger messages you're getting from everything you’ve read. Try to decide
whether you could mentally categorize an article under a heading that you’d find
useful later when drafting. You might like to group your articles by the topics they
discussed. You might want to classify them according to their age. You might think
about comparing all the articles that use a certain methodology and contrasting those
with articles that use a different one. Let’s take an example of papers in the field of
human diseases. Table 7.2 shows some ways you might like to classify them:

Themes Examples of category names you could use

Topic Normal biology / disease biology / good or bad treatment outcome
Recency Last 3 years / 3-10 years / more than 10 years old

Reliability Large sample size, etc. (see Chapter 10 for more)

Type of publication | Review / systematic review / primary experiment (see Chapter 10 for more)

Methodology Petri dish experiments / mouse model / patient drug treatment

Conclusion Recommends / advises against the use of a new technique

Table 7.2 Categories to help manage your reading list
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Hopefully, you can see that by placing your reading into groupings like these, a sort
of natural division of ideas begins to emerge. You might start to count the number of
papers in favour of a new treatment, the number against it, and then this could help
you think about what your essay or dissertation’s overarching message will be. You
might even be able to go to the level of planning individual paragraph topics on the
basis of the categories.

If you do this categorization as you go along, you'll find that writing the work itself
becomes far less difficult to start and far less daunting.

Selecting material generated from your own scientific
research

In this section we'll discuss the distinction between experiments you would want to
write up in a report, and those which are carried out as preliminary ‘pilot’ studies to
test that a procedure works. As with any of your writing tasks, it’s sensible to begin by
asking you to think about what your marker wants to see.

In first or second-year undergraduate labs, the purpose is often to show you how a
particular technique works. This will typically be done in a very controlled way, that is,
based on an experiment with a predictable outcome so that you’re in no doubt as to
whether you’ve mastered the technique (examples of this include the production of
crystals of a chemical product with a known melting point, or the measurement of the
gravitational constant, or the cutting of DNA into fragments of an expected length). In
write-ups of these simple types of labs, your marker probably wants to see evidence
that you can write in the correct tone and format for your discipline, and that you can
relate the outcomes of your experiment to the rules and theories that govern your
subject. This means you should probably place emphasis on the style of your writing,
the ‘clean-ness’ of your data formatting, and the connections between your data and
the introduction — where you introduce a principle — and the conclusion — where you
relate your findings back to it.

As you move through your degree, you’ll usually be given more and more
autonomy, both over exactly what you do in the lab and in how you select what goes
into your write-up. Depending on your year of study, the write-up might be called a
lab report, a project report, or a dissertation (some subjects see dissertations as
lab-based rather than literature-based; if you’re not sure of the distinction, see
Chapter 4). The more autonomy you have had, the more decisions you will need to
make about which experiments are worth reporting to your marker. Again, ask yourself
what they are looking for.

If you have arrived at a definitive conclusion, this should be your main finding and
you should focus on describing this.

If your main results were more open-ended because maybe you didn’t definitively
prove or disprove a hypothesis one way or another, or perhaps you got the answer you
wanted but this then opened up another question to be asked, then the main thrust of
your report would be a presentation of your results with a discussion around the future
of the research.

If your experiments actually led you to conclude nothing, then your report would be
based around showing everything you attempted. We personally know a PhD student
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who spent three years trying to show how a gene worked. The gene was known to
help crops tolerate high temperatures, and was therefore appealing to genetic
engineers trying to feed the world. The student showed that the gene held the
instructions for a specific protein, but was completely unable to show what the protein
did, which other proteins it interacted with, any specific part of the cell that it was
found in, or any other biotechnologically useful features. The student did everything
they could have been expected to do, though, and now has a PhD - the highest
degree a university can give — and is working as a postdoctoral researcher with a
successful career. As long as your report demonstrates that you're a proficient scientist-
in-training with a sensible approach to solving the problems you faced, you can still
attain top marks.

With that said, avoid including negative results unless you really have no other
choice, or unless those negative results tell you something unexpected and then form
the justification for a change of project direction. A marker is unlikely to be interested
in any initial test experiments you carried out to check that a technique would work;
they may, however, be interested in the optimization steps you took if you were
designing your own experimental procedure completely from scratch. Perhaps you
used a piece of equipment to counterbalance something heavy in a ‘homemade’ setup,
or you knew you had to carry out a new and unique process at a very specific
temperature. Perhaps you could tell from first principles and logic that a range of
values would work but you weren’t sure what weight or what temperature would work
best. If you tried a range of values and then used the best one for the rest of your
actual tests, your marker is likely to be interested in seeing how you arrived at that
decision. A graph of weight, or temperature, plotted against the effectiveness of your
novel procedure would make a valuable contribution to your report.

What underpins all of our advice on how to select material from your own
experiments is the idea that your markers want to see that you are becoming a good
trainee scientist. Conciseness is valued, so they don’t want to see unnecessary detail
about pilot experiments. Logical thinking is valued, so they will want to see how you
solved problems with the larger theory behind your experiments. Finally, clarity is
valued, so if you are including things like images, ask yourself whether a newcomer to
your research will easily arrive at the same conclusion as you based on the quality of
the figures you include. For more on data presentation, see Chapter 9 — Working with
Data.



Incorporating and Referencing
Other People’s Work

Top 3 staff comments on incorporating other people’s work:

» A lack of references tells us the student hasn’t done further reading around the topic.

» It’s obvious that the student hasn’t learned this for themselves; they’ve used a thesaurus to help
write a direct quotation in disguise.

» The best students use other people’s work as a basis to support their own descriptions,
arguments, or logic.

Top 3 student comments on incorporating other people’s work:

» How do | actually mention other people’s work in my sentences; do | just cite a source at the
end of the paragraph?

» How many references do | need for an assignment of this length?

» Which referencing format should | use?

If you’ve read the previous two chapters, you’ll be familiar with the mechanics of how
to find materials to base your own writing upon. It’s important for you to start thinking
about how you would write about those sources in your essays, lab reports, and
dissertations.

Why incorporate the work of others at all?

The answer to this depends very much on the type of piece you're writing. (For an
explanation of the most common words used to define your task, which we'll call
command words in these next few pages, see Table 3.2 on p. 23.) Table 8.1 explains
the rationale for giving you different types of assignment, and shows how referencing
can help you to demonstrate your fulfilment of those aims.

60
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How references support different types of assignment

Assignment type: Descriptive essay

Typical command words: Describe, Outline, List, Explain, Detail

Purpose of assignment:
e To test that you know the basic facts of your field

Commonly used:
e Early years of your degree in particular, but may also still feature as an element of exam hall
essays through to final year

Reasons for you to use references:
¢ To show you have engaged in independent study and carried out further reading
e To provide evidence that what you‘ve said is correct

Assignment type: Evaluative essay

Typical command words: Evaluate, Compare and Contrast, Justify, Assess the Use of

Purpose of assignment:

¢ To show you can distinguish good science from bad, or a good methodology from a better
one, or a more realistic conclusion from a more farfetched one

* To show you can compare, evaluate, and come up with your own ideas and opinions about
a topic based on evidence

Commonly used:
e Later stages of your undergraduate degree / immediately on a master’s degree

Reasons for you to use references:

¢ To show where the boundaries sit between facts you’ve read about and opinions you've
come to regarding their validity

e To give credit to the scientists who carried out the experiments

e To help the reader follow which findings are from which scientist — especially important if
your piece of writing is comparing two or more sources and you frequently change from
one to the other

Assignment type: Lab report

Typical command words: N/A — lab titles may or may not have command words

Purpose of assignment:

To test whether you can:

e Design and carry out tests based on evidence about what methodologies have worked in
the past and might work now

e Link theory with findings

e Put your findings in the context of the wider scientific community’s current state of
knowledge

Commonly used:

e Throughout all stages of a degree, but referencing becomes particularly necessary in higher
years when you have an element of control over the design of your experiments, and you
may start to build directly upon the work of others

Table 8.1 Types of assignment, and how use of referencing relates to their purpose
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Reasons for referencing:

¢ To show your marker where you read about the background information you used to justify
your experiments

e To allow a reader to follow up on that background if they wish

¢ To be open and transparent in your conclusion and discussion section when you‘re
describing whether your results agree or disagree with what others have found

¢ To begin to join the academic community of science discussion, rather than to keep writing
up your own findings in isolation from all others

Assignment type: Self-directed dissertation

Typical command words: N/A — the research question should come from you

Purpose of assignment:
e To test whether you can develop your own investigative questions and ideas, and carry out
independent library research

Commonly used:
¢ In the later stages of a degree

Reasons for referencing:
e Same as for evaluative and descriptive essays, but there will likely be many more references
in a piece of work of this size and complexity

Table 8.1 (Continued)

All of these reasons for incorporating the work of others are unified by these general
principles: authority, correctness, openness, clarity, and giving credit. Many of our own
students are concerned about being accused of plagiarism and think of referencing as a
technical operation that helps you avoid being accused of it. Our aim is to help you feel
less like this is a matter of rules and punishment, and more like it's a convention or a
writing style that marks you as an academic. Professional researchers don’t tend to think
about plagiarism when they write their papers; they think more in terms of pre-empting
any readers who might think to themselves, ‘how do we know that?’ or ‘prove it!". In
the same way, we hope you’ll come to think of referencing as a way of marking yourself
as a student who has read widely and can back up their assertions with proof.

For this reason, it’s crucial that you think carefully about how you select your
sources. They must be authoritative, reliable, and appropriate to your discipline. That
means choosing a good scientific database with which to carry out your searches (not
just Google Scholar), avoiding sources whose primary purpose for existing is to
promote something (for example, a small campaigning body, some charities, and
anyone selling a product), and ensuring that the sources you choose to reference also
mention their own sources of information. For more detail on how to decide whether a
source is reliable, see Chapter 7 — Researching the Topic and Evaluating Your Materials,
and Chapter 10 — Being Critical.

Commonly used referencing terms and their meanings

The language we use to describe referencing uses a few words that are not commonly
used in everyday English, so it's worth defining them here first.
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Citation: Any note in the body of a text that directs the reader’s attention to the fact
that there is an external source of information. Common examples are the name-
and-date format:

The sky is blue (Boyle and Ramsay, 2016)
... or the numbered format:

The sky is blue.!

Reference: The full set of details about an external source, sufficient to let a reader
track down a copy of that source for themselves. Usually located at the end of an
article/book/chapter.

Endnote: A supplementary piece of information supplied at the end of an article / book
/ chapter. Not common in the sciences. Usually only seen as reference lists at the
end of each chapter in large textbooks. (Not to be confused with EndNote, the
bibliography management tool — see subsection Keeping track of all your sources on
p. 54 for more.)

Footnote: A supplementary piece of information supplied at the bottom of a page.
Marginally more common than endnotes, but still not common in the physical and
biological sciences. You may find these in some articles if your field crosses over into
governmental policy and legal documents.

Article: A single complete piece of writing, usually reporting the findings of a piece of
research. This type is referred to as primary research. Other examples of article types
are reviews (which summarize many other articles) and editorials (where a journal
editor discusses a contemporary topic of active research). A collection of articles is
published in each issue of a journal.

Journal: A publication that takes submissions from scientists, submits them (usually) to
a process of peer review, and publishes those submissions that pass the review
process as articles. Editions are usually published at regular intervals (e.g. weekly,
monthly, quarterly, biannually, annually, and so on; see also volumes and issues).

Issue: An individual copy of a journal, containing several articles. Usually published at
regular intervals. Sequentially numbered. If a journal is issued more than once per
year, a volume number will also be used.

Volume: A collection of journal issues from one whole year. If a particular journal only
publishes one issue per year, the concept of a volume does not apply.

Impact factor: A measure of the quality or importance of a journal (note: not an
article). Calculated each year by looking back at all the articles published by that
journal in the two previous years, adding up the number of times every article from
those two years had been cited by someone else so far in the current year, then
dividing this total number of citations by the number of articles. An impact factor of
2 means that, on average, each article from the previous two years has been cited
twice. Higher impact factors can be taken to mean that a journal has a reputation
for selecting and publishing more groundbreaking research articles, as they are used
as the basis for other people’s works more frequently than articles from journals with
lower impact factors.

Quoting: Writing someone else’s words, marking them in quotation marks, and citing
the source. Not often used in science. (See p. 64 — Quoting, below.)
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Paraphrasing: Taking someone else’s ideas, changing the wording, and citing the
original source. Not good practice. (See p. 65 — Paraphrasing a source, below.)
Summarizing: Taking the pieces of someone else’s work that are the most relevant
to your own piece of writing, explaining the ideas in your own words to show
you have understood, and citing the original source. The only real method of
properly using someone else’s work in your own. (See p. 66 — Summarizing a

source, below.)

Incorporating other people’s work into your writing

As we mentioned above, there is a spectrum of different ways you can write about
someone else’s work in your piece. The spectrum ranges from direct copying without
any attribution, which is (hopefully) obviously wrong, through to using a collection of
sources that complement each other in order to justify your view on a topic and your
original thought. In these next pages we’ll start by explaining what a citation is and
what it looks like. Then we’ll show you how to build your sentence structure around a
citation in various ways along this spectrum of correctness. Lastly, we’ll show you
what’s required of a full reference list at the end of your written work.

The successful landing of humans on the moon and emergence from the landing
vehicle onto the lunar surface represented one small step for [a] man; one giant
leap for mankind.

Quoting

With no attributions, we have to assume this writer intended for this sentence to be
interpreted in the same way as any other in their essay, that is, as one of their own.
Hopefully you will recognize this famous line from Neil Armstrong, the first person on
the moon, and will agree that this represents a case of obvious plagiarism. It could,
however, be argued that this is such a famous line that no one would think the writer
intended to pass it off as their own work. Here is a more subtle example; this time, a
hypothetical report from the World Health Organization:

Original source: The issue of how governments respond to the challenges posed
by climate change becomes more urgent with each passing year. Maximum
temperatures in subtropical farmland areas are expected to rise. Rainfall patterns
are expected to be disturbed. Atmospheric CO, levels continue to increase, altering
the rate at which crops can extract carbon in order to grow. All of these factors
must be modelled in combination if we are to create realistic projections relating to
food security over the coming decades.

Student’s work (plagiarism): Climate change is obviously an important issue for
food production because maximum temperatures in subtropical farmland areas are
expected to rise, rainfall patterns are expected to be disturbed, and atmospheric
CO, levels continue to increase, altering the rate at which crops can extract carbon
in order to grow.
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This is extremely bad practice, as the student could be given university credit for
high-level thinking that they had not actually done. If plagiarism like this is detected
later — even years later — it can have serious consequences for the qualification the
author holds.

The quote would be improved by the use of quotation marks and a proper citation,
such as this (we will use Harvard style):

Student’s work (quotation): Climate change is obviously an important issue for
people and industries involved in food production. ‘Maximum temperatures in
subtropical farmland areas are expected to rise. Rainfall patterns are expected to be
disturbed. Atmospheric CO, levels continue to increase, altering the rate at which
crops can extract carbon in order to grow’ (World Health Organization, 2016). All
of these factors could have an impact on the food output of farms.

While this is no longer an example of plagiarism, it’s still just extremely lazy work. If you
check the wording of your university’s assessment rules, you may find a part that
explains what students must demonstrate in order to be granted a passing grade. It's
unlikely that an essay built on a foundation of quotations will get a high grade (or
perhaps even pass at all). This is because it’s possible to write a paragraph by copying
words in this way yet without ever demonstrating through the addition of your own
thoughts and interpretations that you understand what those statements mean, or how
they relate to each other. It’s for this reason that quoting — at least in the sciences — is
highly discouraged.

It would be slightly better for you to put things into your own words. Moving along
the spectrum from the most extreme kinds of unacceptable practices in the direction of
slightly better ones, we come to paraphrasing.

Paraphrasing a source

If you have read something and understood what it means, you'll be able to explain it
to someone without looking back at the original source. Many students get into the
bad habit of practising this using a thesaurus. They work under the impression that
changing the wording so it is different from that used by the original author will be
enough to avoid plagiarism. It is not. Neither is dissecting a sentence into its separate
parts (clauses) and reorganizing them into a new sentence structure. By doing this, a
writer is simply taking statements and finding ways to try to cheat their way through
the academic system. They are looking for legitimate ways to say someone else’s ideas
without giving them their credit. An example might look like this:

Original source: The issue of how governments respond to the challenges posed
by climate change becomes more urgent with each passing year. Maximum
temperatures in subtropical farmland areas are expected to rise. Rainfall patterns
are expected to be disturbed. Atmospheric CO, levels continue to increase, altering
the rate at which crops can extract carbon in order to grow. All of these factors
must be modelled in combination if we are to create realistic projections relating to
food security over the coming decades.
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Student’s work (paraphrased): Climate change is obviously an important issue for
people and industries involved in food production. The highest temperatures
experienced each year in subtropical farmland areas are expected to go up.
Patterns of rain are expected to change. Crops extract carbon from the air in order
to grow, and an increasing level of carbon dioxide could have an effect on the rate
at which they do this (World Health Organization, 2016). All of these factors could
have an impact on the food output of farms.

Again, unless this forms part of an original analysis, this is likely to be regarded as lazy
work. If you check your university’s marking and plagiarism rules, you will probably find
that this does not fulfil the requirements placed upon you to demonstrate university-
level understanding of a topic. Perhaps the core problem is that your assignment will
ask you to answer a very specific question, and the author of a source will have had
their own, different, aim. The information in that original source may therefore be
overly detailed for the question you’ve been asked, and paraphrasing all of the source
without being selective can suggest that you didn’t think critically about which pieces
to incorporate and which pieces not to. (For more information and an example on this,
see the next section, on p. 67.)

Paraphrasing does have a place in scientific writing, but paraphrase with caution. If
you were to write about someone’s findings, you would obviously need to say what
those findings were. Choose the most directly relevant part of the findings and find a
way to explain this in your own formulation of words. This will help you to avoid the
problem mentioned above, and will help to show the marker that you have actually
understood the information, rather than simply copying it.

At the very smallest scale, you will find technical words and phrases that are not
possible to paraphrase without altering their meaning (e.g. specific laboratory
technique names, and other subject-specific vocabulary). This is fine, and using such
vocabulary in your work shows that you are becoming a more qualified scientist. If you
submit your assignments through a similarity checker and you find that it highlights
these types of words and phrases, don’t panic — the staff marking your work will be
able to take this into account when deciding whether to be concerned about how
much of your work has been flagged as similar to an original source. The use of very
small pieces of terminology is likely to be discounted from any body of evidence that
suggests you may have borrowed too closely from a source.

Summarizing a source

Instead of quoting or paraphrasing, what you should aim to do is to be able to explain
the concept in a way that is entirely from your own mind. That might mean extracting
only a few pieces of the original text, focusing on only those which are useful for your
particular assignment — in other words, summarizing. For example, if your essay is
about how a hinge joint like the elbow is different from a ball-and-socket joint like the
hip and you’ve found a useful information source, you needn’t explain all of the details
from that source about all of the different tissue types found in bone. The author might
have explained these tissue types, but that goes beyond the scope of your answer
about joint shape and movement. Remember that the author of the source you're
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using had their own reasons for writing their article or book chapter, and your task is to
answer an essay question or write a report on something that this author had no
involvement in. You therefore probably don’t need to include everything they said.

As well as writing a shorter summary, another practical way to make the words your
own is to separate the act of making notes and the act of writing your own piece of
work into different days. This allows you some time to forget the full, exact wording
and makes it easier to write from a memory of the concepts instead. Perhaps, if you're
only going to use the notes as an aide for drafting your work, you’d find it useful to
only write them in bullet-point form, or create a diagram or flow chart. This will help
you encapsulate the ideas without using the full, original phrasing. Here’s an example
of such a diagram:

Climate change

Effects Consequences
Temperature up _ Crops die
Rain change > Drought / flood?

Make arid zones usable?
Could be good or bad.

CO, up —> Plants grow faster — weeds & pest plants
uncontrollable?

Figure 8.1 Example notes made from a source

Note how none of this is made of sentences, but it contains enough detail to cover
the main concepts and so it would be very easy to construct a new version later. It also
contains some original thoughts. Here’s how a final, non-plagiarized, summary version
might look:

Original source: The issue of how governments respond to the challenges posed
by climate change becomes more urgent with each passing year. Maximum
temperatures in subtropical farmland areas are expected to rise. Rainfall patterns
are expected to be disturbed. Atmospheric CO, levels continue to increase, altering
the rate at which crops can extract carbon in order to grow. All of these factors
must be modelled in combination if we are to create realistic projections relating to
food security over the coming decades.

Student’s work (summarized): Climate change is obviously an important issue for
people and industries involved in food production. Changing temperatures,
rainfall, and atmospheric CO, levels could all have an effect on farm output (World
Health Organization, 2016). It is unclear whether these effects would lead to
positive or negative consequences as some would be beneficial and some
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detrimental to a farmer, but it’s clear that all of these factors could contribute in
some way to a change in the rate of food production. It is important that we
concentrate on all of these factors together, rather than individually, if we are to
plan effectively to deal with the change.

Not only has the paragraph from the World Health Organization report been
summarized down to a single sentence, but the student has gone beyond simply
reporting what they’ve found and has used this research to make their own
interpretations and predictions.

To conclude this section, we just wanted to give you another couple of examples of
inappropriate paraphrasing vs effective summarizing. It's a common trap for students
to fall into, so have a look, and make sure you understand the difference.

Here’s the original paragraph:

More coordinated, effective systems of vaccine production and global distribution
will be necessary both in the coming years, as COVID-19 vaccination programmes
unfold, and in the longer term, as countries prepare for future disease outbreaks.
During COVID-19, wide inequity in vaccination distribution have [sic] become
apparent, ranging from ‘vaccine nationalism’, whereby countries prioritize their
own populations over the global good, to ‘vaccine diplomacy’, whereby countries
strategically provide vaccines to others for geopolitical ends. Targeted, equitable,
efficient distribution of vaccines would contain the pandemic sooner, lower global
morbidity and mortality rates and reduce the chance of new strains arising
(Emerging trends and technologies: a horizon scan for global public health.
Geneva: World Health Organization; 2022)

Here is a paraphrased version. You will see it’s still much too similar. The student had
referenced the original source once, but they seem to think that they’ve changed the
text sufficiently elsewhere that no further referencing is required. Not only does the
paragraph add nothing of value, but the student has taken someone else’s ideas
without recognition of their work. As such, this would be an example of plagiarism.

In the coming years, better coordinated and more effective systems of vaccine
production and distribution will be required, in order to continue with COVID-19
vaccination programmes and in preparation for outbreaks of disease in the future.
‘Vaccine nationalism’, where countries put their own populations first over the
global population and ‘vaccine diplomacy’ where countries give vaccines to others
for strategic geopolitical ends are only two types of inequity in vaccination
distribution which became apparent (World Health Organization, 2022). The
pandemic would be contained faster, and with less chance of new strains
emerging, if there were equitable, specific and efficient distribution. It would also
lower morbidity and mortality rates globally.
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Next, we have a summarized version. As discussed earlier, you can see how this gives a
much better sense of the student’s understanding, as well as giving them space to
expand and offer some original observations and ideas.

COVID-19 revealed wide-ranging and complex problems in the distribution of
vaccines in terms of logistics and politics. While these issues have proved
problematic during the pandemic, awareness of the problems means that they can
now be tackled with a view to ensuring a better response in future outbreaks
(World Health Organization, 2022). Governments will need to work together
closely to openly address political issues around vaccination programmes, as well as
taking guidance from scientific advisers with experience of which approaches have
worked best during the current pandemic. Educating the public about these issues
(through close consultation with specialists in science communication) will also
reduce the opportunity for misinformation to spread.

This is a really important skill to master, and a very risky pitfall to avoid, so we’ll give
another example here, just to give you a real sense of what this looks like in action.
Here is the original paragraph:

The wide availability of smartphone apps represents a new source of biomedical
data and early disease diagnosis. The advantage of such applications is their
accessibility (particularly in remote or rural areas) and low-cost, real-time, point-of-
care diagnosis. There are already multiple applications; for example, apps and
sensors on a phone can take an electrocardiogram to check for dangerous
arrhythmia or improve treatment of hypertension by taking continuous blood
pressure readings (14). (Emerging trends and technologies: a horizon scan for
global public health. Geneva: World Health Organization; 2022)

Here’s an unacceptably paraphrased version. The student here has made no attempt to
reference the original. They have spent time rearranging the structure and making
different word choices, but this is still the use of someone else’s words and ideas
without any acknowledgement. This would be classed as plagiarism.

Smartphone apps are widely available and represent a novel source of biomedical
data. They can also assist with early disease diagnosis. There are already many
applications for this technology. Electrocardiograms, for example, can be carried
out using apps and sensors on a phone, enabling patients to check for hazardous
arrhythmia. Ongoing blood pressure readings would positively impact treatment of
hypertension. One advantage of these applications is that they can be easily
accessed by those in rural areas, as well as being low-cost.
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Finally, we have the summarized version. Again, you can see the advantages of good
referencing practice in action. The student can demonstrate their understanding, give
credit to others, and offer new insights and observations from a firm foundation.

Difficulties in accessing healthcare can, in part, be addressed by increased use of
smartphone apps, which offer an economically attractive and accessible way to
monitor chronic conditions, such as hypertension (World Health Organization,
2022). These are not a panacea, however, and the opportunities offered by
smartphone apps should not detract from wider debates over the presence of
satellite clinics in small rural communities, or how public health issues can be
communicated more successfully to the general public.

Phrases to use when incorporating someone else’s work

It can become tedious to introduce someone else’s research if you always use the same
phrases to do it. (It can also become tedious for your markers to read ...) Scientific
language should be simple and unambiguous, but that does not mean it should be so
repetitive as to risk losing your reader’s attention. Here’s a list of phrases you might like
to use to vary your sentence construction while still writing in an appropriately
academic tone:

¢ According to Ramsay (2016), the sky is blue.

e The sky is blue (Ramsay, 2016).

e As was shown in a recent study, the sky is blue (Ramsay, 2016).

e This contrasts with other results which suggest that the sky is blue (Ramsay, 2016).

e This is in accordance with other results which suggest that the sky is blue (Ramsay, 2016).

e Several recent studies have suggested that the sky is blue (Boyle, 2015; Ramsay, 2016).

e Several recent conflicting studies have shown that the sky may be blue (Ramsay, 2016),
red (Boyle, 2015), or black (Smith, 2016), depending on the time of day when the
observation is made.

¢ While an author of one study was uncertain as to the consistency of their research, they did
conclude that the sky is usually observed to be blue (Ramsay, 2016).

These examples should show you that it’s possible to mention the author, or authors,
of a text in the flow of your sentences to help you make a point about how their
findings fit in with the wider scientific conversation. If you are using a numbered
format for your citations rather than the author-date format demonstrated here, you
can still use the name of an author in the flow of your text as long as you include the
usual number in the appropriate place too. The final example in particular might seem
unusual as it talks explicitly about ‘an author’ — and we are traditionally taught to avoid
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mentioning people — but the important feature here is that the uncertainty about the
results was that author’s own conclusion. In such a case, it is necessary to mention them
personally in order to give them credit. Compare that final example with this other
attempt to say exactly the same thing:

One author concluded that the sky is usually observed to be blue (Ramsay, 2016),
though there is uncertainty as to the consistency of their research.

This makes it appear that the critique was not Ramsay’s, but was a new thought on the
part of the student. Make an effort at your proofreading stage to avoid ambiguities and
examples of accidental plagiarism such as this.

Major referencing styles in science

You'll have noticed that all of our example citations have mentioned an author’s
surname and a year. Different subjects have come to use different styles of references.
This is important for you to know if you're studying subjects in different disciplines, as
you'll need to use the correct style convention for each class. It’s also useful to know so
you can be prepared if you ever need to read outside of your core field.

Even within the sciences you will find variations on the main styles. We won't
explain the precise details of how these different referencing systems work because
some of the styles are dictated by professional bodies and the guidelines are regularly
updated. Some styles simply have many subtle variations which are colloquially referred
to under the same name. Instead, here in Table 8.2 we'll explain the pros and cons of
the two main categories of scientific referencing styles so that you’ll understand why
they’re used, and perhaps that will give you a better idea of how, when, and why to
use them in your own writing.

Broad categories of reference styles used in science

Category: Name-date

Examples of in-text citation:
e The sky is blue (Ramsay, 2016).
e According to Ramsay (2016), the sky is blue.

Strengths:

e Author name immediately visible

e Date immediately visible

e Able to incorporate name into flow of sentence, giving flexibility

Weaknesses:
e |Interrupts the visual flow of a sentence on a page

Examples of name-date styles:

e Harvard

e Chicago

* APA (American Psychological Association)

Table 8.2 Examples of the main citation and referencing styles
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Category: Numbered

Example of in-text citation:
e The sky is blue.
e The grass is green.["

Strengths:
e Easy to read through; doesn’t interrupt flow

Weaknesses:

e Can’t assess author or recency without turning to references list at the end

¢ Difficult to remember which referenced source was about which topic, which is useful if a
source is used several times at different points throughout a piece of writing — easier to
associate this with a name.

Examples of numbered styles: Vancouver

Table 8.2 (Continued)

In the sciences, we predominantly use one of these two categories rather than putting
footnotes at the bottom of pages within the body of a text. This is probably because
our journal articles are typically very short — usually fewer than ten pages — and so it is
relatively easy to turn to the end and look at the full reference list. The footnote style is
used more in disciplines where publications commonly take the form of books, and
where accessing the back pages can be more cumbersome.

Citations — the parts within your text

The general advice in citing is to put the citation as close to your first mention of that
work as possible. That helps you delineate where a report of what was contained in the
article finishes, and where your comments on it begin.

The difficulty comes in placing a citation within a paragraph that is mainly made up
of details of whatever you find in a source. Should a citation still come at the end?
Should it come after you've said the name of the author within the flow of your
sentences? Should it come after the first sentence of the paragraph? There is no hard-
and-fast rule about this, but there are some principles to bear in mind.

In a recent study, the colour of the sky was measured to be blue (Ramsay, 2016).
The colour profile changed slightly as the day progressed from mid-morning to
early evening, but it largely remained in the same part of the spectrum. After

5 p.m., the colour shifted towards the red.

This paragraph contains technical information which could only have come from
the article already cited after the first sentence, and there is nothing possessive in the
language to suggest that the writer is making a claim to it themselves. It's also in the
past tense, which indicates the author of the essay is reporting something concrete
which already happened, rather than making a statement of their own current,
ongoing knowledge. Therefore, the educated reader will infer that what comes after
the citation is also from that same source report. If you wanted to improve this to
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Description of findings reported in
source material

l l

The measurements demonstrating that the sky is blue (Ramsay, 2016) concur

with prior assumptions. ¥ 777
<—___| Student's own

analysis

Citation

Figure 8.2 Components of an in-text citation

remove all doubt, it might be preferable to begin the second sentence with a pronoun
to refer to the authors: ‘“They observed that the colour profile ...’

Contrast that with a similar paragraph on the same topic where the citation comes
at the very end:

The sky was recently shown to be blue. During the course of the day, the colour
remained largely the same, as was expected, based on preliminary observations
conducted by eye. The colour shifted, however, in the evening, when a red tinge
became more and more prominent. The spectrophotometers also detected a spike
in UV light levels, which were not noticed by eye as this is outside of the visual
range (Ramsay, 2016).

It's far less obvious what the citation refers to now. Is it the final nugget of information
about UV being invisible to the naked eye? Is it the spike in UV light detected in the
evening? Is it the shift from blue towards red? Is it the consistent blue colouration
throughout the day? Is it all of the above? As we saw from the previous example
paragraph, it refers to everything except the visibility of UV to the naked eye, but by
placing the citation at the end of the whole paragraph, it is impossible to clear up this
uncertainty.

Hopefully you can see why positioning is so important, and why your common
sense is often a better guide than any hard-and-fast rule we might provide you with.

Now that you’ve seen the basic mechanics of how and where to incorporate a
citation, we'll look at the subtleties of how to report on the contents of that source in
your own words.

References — the list at the end

The citations in the body of your text are just signposts; simple marks embedded in
your text to show your reader that some information has come from somewhere else.
This is never enough to reliably let your reader find that exact source, and so you must
complement it with the full referencing information at the end.

There are no hard-and-fast rules for you to follow in order to create your reference
list, and the specifics are subject to change over time. For example, one of the most
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famous and widely used referencing styles, APA, is written and periodically updated by
the professional body that shares its name (the American Psychological Association). At
the time of writing (2022), if their rough pattern of issuing updated editions is to
continue (1974, 1984, 1994, 2001, 2009, 2019), they would be expected to publish
new guidelines within the next few years. You will also find that different universities
can place their own extra requirements on top of a ‘standard’ referencing style. Instead
of trying to teach you these subtle variations — which are crucial but are mostly to do
with which parts should be italicized, which should be in bold, where the commas and
full stops should go, and so on — we’ll show you what the most common elements of a
reference are, why they’re useful to a reader, and how to tell them apart when you see
them yourself. Your own institution will then be able to tell you which precise variation
on a standard format they wish you to use.

Referencing textbooks
A reference for a textbook would look something like this:

Author surname Author initial(s) Year Book title

N

Boyle, J. and Ramsay, S., 2016. Writing for Science Students.
London: Bloomsbury

fA

Publisher’s location || Publisher's name

Figure 8.3 Components of a reference for a book

The authors, date, and title information allow a reader to do a quick search on a
database at a library or bookshop. The name of the publishing house allows the reader
to make contact with the people who hold the master copies and who may be able to
give information on where to find books that are old, out of print, or otherwise rare
and difficult to find. The location makes it easier to track down a publisher, and can
also help distinguish between offices of large publishing houses in different countries,
as not every book is printed for every market around the world. Different editions for
different locations may have slightly different contents. If your reader were to follow
your reference and pick up a copy from a different part of the world, they might not be
able to find the exact material you cited. By including the publisher’s location in your
reference list you can help explain why this difference may arise, and this avoids any
improper accusation that you might have made things up.

If your book is a large one on varied topics — and many introductory university
textbooks are — check the first few pages to see if the chapters have each been
contributed by separate specialist authors. You may know your textbook by the names
of the author(s) listed on the front cover, when in fact they oversaw the editing process
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of combining many contributors” works. In such cases where you can identify the
author or authors of an individual chapter, a reference should look something like this:

Chapter Chapter || Chapter Ine Book ‘ed’
author surname & initial(s) Year title n: author initial(s) & surname | | (editor)

N

Smith, J., 2014. Eleven Uses Of The Comma. In: J. Boyle ed. 2016.

Proper Punctuation, Period. Glasgow: In the Round. Ch 7. \

t

Book ! . . Chapter | | Book
title Publisher location || Publisher name o, year

Figure 8.4 Components of a reference for a chapter in a book with editors

You will notice there are two years included here. The year of chapter authorship
may be different from the year the book was published, as the chapter may have been
carried over from a previous edition, or the book may have simply taken a long time to
assemble.

Referencing journal articles

A reference for a journal article would look something like this:

N

Boyle, J., and Ramsay, S., 2016. A Review of the Applications of

‘Author surname “ Author initial(s) ‘ ‘ Year ‘

Modern Statistical Tests, Journal Of Scientific Methods, 64(3), pp 74—77.

T

|Journal nameH Volume no. || Issue no. || Page range |

Figure 8.5 Components of a reference for a journal article

The standard convention is that a new volume number will be used each year. For
journals that publish more than once per year, a second numbering system is used as
well. Thus, within each volume you might find multiple issues. Providing your reader
with a volume number is useful, but including an issue number makes your reference
more precise.

Imagine you were given a stack of print editions of a journal which publishes an
edition every three months. The stack contains every issue from the last five years.
Imagine, also, that you know you have to find a very particular piece of information
attributed to an author of one of the articles somewhere in that stack. How easy would
it be to find the original sentences?



76  Preparing to Write

If you start off knowing the name of the author and the year they published their
finding, you could take the issues from that year and scan through their tables of
contents until you find what you’re looking for. But what if the author publishes more
than one article in the journal in that year? And what if two authors with the same
surname publish in that same year?

If you're given the title of the article and the page range it occupies, you could
either scan the tables of contents looking for the title, or you could directly turn to
those page numbers in every issue in the stack. You'll eventually find the article, but
that's still more time-consuming than would be ideal.

If you're given the author’s name, the article’s title, and the volume number, then
we're really getting somewhere. A volume number is not as specific as an issue
number, though, so we still won’t have been able to jump easily and immediately to
the specific location of the article.

Of course, as your literature searching is almost certainly going to take place online,
and you can do keyword searches instead of manually looking up editions, these issues
may seem trivial. The difficulty comes when a search page doesn’t quite behave the
way you expect it to (because it's not Google, and perhaps it has its own unique search
algorithm you’ve never faced before), or when you appear to have found a result but
you find yourself blocked from following the link. (This can happen when your
university library login details aren’t recognized by the publisher’s website, perhaps
because you’re not on campus and you‘re therefore connecting from an unexpected IP
address, or perhaps the login you used on the database hasn’t been seamlessly
communicated to the journal’s website, or perhaps for one of any number of other
unanticipated technological reasons.)

At times like these, you need to know how to interpret a full reference in order to be
able to access the article quickly, reliably, and without the help of an academic
literature database or search engine. For more on how to search for literature, see
Chapter 7. It's important, too, that you learn how to adopt these referencing
conventions in your own scientific writing.

Referencing journal articles accessed online

We haven’t distinguished how to reference print vs online versions of articles as there is
simply no need to. In the interest of clarity, precision, and historical consistency, full
referencing details for the print version of an article are always required, no matter the
access method. You may be familiar with conventions for referencing online materials
such as including the URL and the date you accessed a webpage. These extra details
are optional but unnecessary when it comes to journal articles.

URLs for journal articles

Referencing just the title of the article with the URL and access date probably wouldn’t
even work for anyone except you. Since journals are usually behind paywalls (which
your library pays for on your behalf) the URL that you reach may contain elements that
identify you as a paid user. These elements will not work for anyone else (or perhaps
even for you, if you log out).

DOIs (digital object identifiers) for journal articles

To provide a consistent way of linking to electronic articles, the publishing world has
adopted a standard reference number system. These combinations of numbers and
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letters are known as digital object identifiers (DOls) and are static, meaning they never
change. If an article moves from one webpage to another, the URL will shift, but the
DOI will be constant. The standard has grown in usage since roughly the start of the
twenty-first century, and therefore will not be found on articles published before this. If
you wish to cite a combination of articles that do have DOI numbers and articles that
do not, check the reference guide for the system you are using (APA, Vancouver,
Harvard, etc.). If in doubt, include them wherever you have them.

Dates of access for journal articles

Journal articles are fixed pieces of scientific writing, so a date of access has really no
relevance. The authors will not be able to return to the article and make changes. This
is by design, and ensures openness for all readers in the future. Corrections and
additions can be published later if the author considers it necessary in light of new
information. These corrections would be published separately, though, rather than as
changes to the original article. These new bulletins would also be given full referencing
details of their own. If you wish to use an article as a source for your own writing, and a
crucial element that you’re using comes from a later correction, make sure you cite and
reference both the original and the correction as separate publications.

Conclusion

Having read this chapter, we hope that you will:
e understand how to find and use appropriate materials;

e understand how to use others’ work as supporting evidence, not replacements,
for your own ideas;

e understand referencing in the wider context of sound, professional academic
practice;

e be well-equipped to avoid plagiarism, due to a deeper understanding of how
and why we use other people’s work.



Working with Data

Top 3 staff comments on data:

» Figures and tables are often poorly laid out on the page, making them difficult or cumbersome
to read.

» Data is presented but not referred to in the text, or it isn’t labelled properly.

» Certain types of data are completely unsuitable for certain types of graph or table, so it’s
important to know what you're trying to show.

Top 3 student comments on data:

» |’ve been making graphs since high school. | know how to label my figures.
» How much do | need to repeat in the main text?
» | had no idea organizing my data in my report would take so long!

Returning to the findings of our research we mentioned in Chapter 2 — The Lab /
Fieldwork Report, 50 per cent of lecturers said the purpose of assigning you lab reports
was to help improve your communication skills. In your degree, you'll make thousands
of measurements. It’s up to you to decide which of those are (a) relevant to the story
you're trying to tell in any given assessment, and (b) useful and comprehensible from
the point of view of your reader. In this chapter, we'll show you what we hope you will
do and why, and we’ll try to show you how to avoid the common pitfalls.

Why data presentation is important

Scientific writers primarily need to convey data. Writers in some of the humanities and in
the social sciences have to communicate data too, but the distinction is broadly that data
in the physical and biological sciences is quantitative (that is, relating to data, chiefly
numerical), while in the humanities and social sciences there is more of a balance
between quantitative and qualitative data (that is, relating to information, chiefly textual).
Qualitative data often consists of quotes from interview subjects. This type of data is
obviously necessary to write out in full. Quantitative data, on the other hand, absolutely
requires that the author knows how to break from the flow of their text and present
things visually in a table or figure. If you’re coming to scientific writing with a preference
or a background in qualitative data, it's important that you make this transition.

Datasets usually measure how one variable changes relative to one or several others.
Common types of dataset might be a record of change over time, or at a range of
physical positions, or measurements taken from individual sensor instruments/people/
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animals/plants/locations/replicates and so on. This means many data points will quickly
accumulate, and your challenge is to be able to present this large amount of
information completely and succinctly. It is simply not plausible to do this if you
describe the results as a narrative account.

Data is usually presented in one of three ways: a graph, an image/illustration (these
are all collectively referred to by the general term ‘figures’), or in a table.

Graphs

Graphs are probably the most common type of figure. There are so many different
types, each with their own best principles, that they are easy to get slightly wrong. In
the upcoming sections, we’ll cover why you’d use a graph, all the things a good graph
should include, and give advice on style and clarity to help your reader interpret them
quickly and correctly.

Images and illustrations

‘Images’ could be photographs, micrographs, diagrams, computer models, process
flow charts, or any type of simplified schematic to represent something complex.
‘lllustrations’ might be the term used for any element created artificially rather than
captured by a camera or similar piece of direct measurement equipment. In both cases,
the key distinction that makes these subtypes of figure different from graphs is that
images and illustrations aren’t limited to presenting only data, so they can be very
versatile. A close-up view of a cell taken down a microscope simply can’t be converted
into a graph or a table and still present the same meaningful information. The physical
change in an object subjected to an experimental procedure can’t usually be
communicated without showing it before and after treatment. A novel method of
setting up an apparatus sometimes can’t be made clear without a diagram showing just
how everything was arranged in the lab. While hugely diverse, though, you still need to
make sure your images and illustrations are properly and fully annotated and presented
in an appropriately formal academic style, which we’ll explain throughout this chapter.

Tables

Tables are useful for presenting step-by-step information, or for presenting arrays of data,
meaning lots of facts and figures where many variables are measured relative to each other
at the same time. You might have analysed the chemical constituents of a large group of
environmental samples, with each sample taken in triplicate. To make graphs of each
chemical variable from each location would take up a huge amount of space on the page,
and each graph would only contain a very small amount of information. A table format
lets you set this out in an array, or a matrix, with column and row headers arranged in two
neat lines to take the place of multiple graph axes repeated across your page.

Principles of data presentation

Your marker needs to be able to look at a figure or table and understand everything
contained within it without referring to the main body of your text. They won’t expect
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the figure or table to replace the main text, so you don’t need to try to squeeze in
details of why you’ve carried out an experiment, but your reader does need to
understand what procedure was carried out and what kind of output you’ve chosen to
show them. We’'ll discuss where on a page to put your figures in our section headed
Positioning tables and figures, on p. 87, but in reading all of the following advice we
want you to bear in mind the principle of ease of access. The simpler you can make
things, and the clearer you can set them out, the better the experience will be for your
reader, and the higher you’ll be likely to score in assessments.

Anatomy of a table

We'll deal with tables first, as they are simpler than the wide variety of items that could
come under the heading of ‘figure’.

Tables are used when you want to put your data into an array, or matrix, meaning a
display format where each row represents one variable and each column represents
another. Graphs allow you to plot one variable along the bottom and one up the side
(and one into the depth axis, if you need to); tables allow you to list multiple variables
in either of the two dimensions of your page simultaneously. Sometimes we’re asked by
students whether their data belongs in a table or a graph, and our answer often comes
down to how many variables they’d like to represent at once.

With this in mind, the headings you put on your rows and columns are critical to
creating an easily accessible source of information for your reader.

Here is a simple table from an investigation into self-perceptions about eating and
exercise habits over the course of a day:

Estimated | Estimated | Estimated | Measured | Measured | Measured

calories calories calorie calories calories calorie

eaten burned gain/loss eaten burned gain/loss
Participant 1 1900 2100 -200 2000 2300 -300
Participant 2 2500 2350 +150 2600 2400 +200
Participant 3 2050 2500 -450 2400 2250 +150

Table 9.1 A table with no organizational levels

The rows and columns are thoroughly labelled, which is good. There’s a lot of
repetitive text, though. Here in this next example, this has been cleaned up, and the
reader’s job has been made significantly easier:

Estimated calories Measured calories
Eaten Burned Gained/lost Eaten Burned Gained/lost
Participant 1 1900 2100 -200 2000 2300 -300
Participant 2 2500 2350 +150 2600 2400 +200
Participant 3 2050 2500 -450 2400 2250 +150

Table 9.2 A table designed to indicate groupings or hierarchy of the study’s design
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A row has been added to the top of the table, and cells in that row have been merged
as appropriate. It's now immediately clear to your marker that:

e the data is broadly divided into two sections;

e the division occurs down the middle;

e the hierarchy of titles across the top represents the way the data is grouped and
then subgrouped.

It’s also worth considering the colours and fonts you use. We've put a grey background
on the column headers here, and we would consider using bold font to draw the
reader’s attention to some parts if the table was more complex. Bold and/or italic fonts
are useful for things like ‘total’ columns or rows at the side or the bottom of a table.
Values that are of the same order of magnitude (i.e. when all values are in the
thousands, or in the tens of thousands, or in the hundreds) can look good aligned
centrally in a column:

Force (N)

845

734

824

995

Figure 9.1 Centrally aligned numbers in a column - same order of magnitude

... but this doesn’t work well when the values are of different orders of magnitude:

Force (N)

34

7.462

2561

995

Figure 9.2 Centrally aligned numbers in a column - different orders of magnitude

... as it's less easy to quickly identify the largest number, and the point of having
things in a table is often to facilitate a quick scan to find the highest value, lowest
value, and so on, in a set. In cases such as this, your numbers would be better justified
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to one side (usually the right) and expressed to the same number of decimal places so
that the decimal points line up vertically:

Force (N)

34.0

7.7

2561.0

995.0

Figure 9.3 Right-aligned numbers in a column - different orders of magnitude

Anatomy of a figure

As we said at the start of the chapter, ‘figures’ is the second type of visual element
you’ll find in scientific writing (the first being tables) and is a catch-all term that
incorporates both graphs and images/illustrations. You'll undoubtedly have had some
standard guidance at pre-university level about what elements need to be included in a
scientific figure. We want to show you a few more elements and a few more ways to
make your figures more professional, and more like figures in the published articles
you’ll find. Laying these things out always takes longer than you expect, so leave plenty
of time for each one. It’s not unusual to spend an hour or more working on a handful
of graphs to make sure they each have the necessary parts, that each has the same
parts as every other, and that they occupy a sensible size and position on the page.
Here’s an example of a publication-quality graph:

7.0
6.0 T Error bars|
\A >0 I OouMGH
240 B0.5 M GH€—| Legend/
£ ..l key
— 3 30 B1uMGH
Axis titles =
7= 207
and
subtitles 1.07
0.0 T
= WT A B
igure Wheat Variety i
~ Figure
number T ] t?tl o
Figure X.X Effect of Growth Hormone (GH) on the Weight
of Various Experimental Varieties of Wheat
Seeds from experimental wheat varieties A and B were sown Caption
Caption alongside the wild type (WT) on soil supplemented with GH
at a concentration of either 0 uM, 0.5 uM, or 1uM. Seeds were text f':‘"y
germinated and grown under normal conditions. Weights were explains
measured two weeks after germination. Error bars represent data
the standared error (SE) of n = 30 seedlings.

Caption sized to match
width of figure

Figure 9.4 Components of a well-constructed figure (a graph)
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A number on your figure is essential for helping your reader know which image to
look at when you direct them to do so from the main body of your text. This raises
another important point — if you never explicitly tell your reader to look at a figure,
they’ll keep going through the main body without stopping. Imagine yourself in such a
position; since you know that figures complement what you read in the text, your
attention will be squarely on that text until you have a reason to lift your eyes away
and look at the complementary information.

Graphs are one type of figure; images are the other common one. Here’s a
publication-quality image:

Extra lines help identify the areas
that each label belongs to

A
Labels and| | —" Before Heat Stress /\ 3 Days After Heat Stress
=
sub-labels| [T wrt A WT A
4 . .7;1 l’ ; ar':" v.\)‘ . e . ‘,3:,. S 2 z‘.'.‘
'?3\‘}2 RS o ‘,?‘%a PR Gt o Images
{ . arranged
Separate : ; in line with
images | 4 each other
cropped to . ' maximises
matching WT B WT B clarity
sizes T T e -
e T %
IPTFERRC R
Figure Figure
number T title
Figure x.x Comparison of Survival of Mutants After Heat Stress
Seeds of the Wild Type (WT) and of mutant lines A and B were sown Caph
Capti side-by-side on square Petri dishes, grown for two weeks, then heated aption
aption to 44°C — the known killing temperature for WT- for three hours. text fully
Images were taken before, and three days after, heat stress. The WT explains
and mutant line B did not survive the stress. Seedlings from line A did. data

Figure 9.5 Components of a well-constructed figure (in this case, consisting of images)

Notice how there are multiple variables expressed simultaneously in this picture:
plant variety, time point, and plant condition (dead or alive). Because everything is
arranged so systematically, it makes the whole story much easier for a reader to
interpret. Notice, too, the way that the results are explained in the figure legend. They
aren’t interpreted — the author has stopped short of saying that one variety is able to
grow successfully at higher temperatures than the other, as a conclusion this broad
would require more proof than just this one experiment — but, instead, the author has
simply made a few statements of the objective facts relating to one specific experiment,
all of which can be supported by this one image.
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Let’s look at one more type of figure. Here’s a micrograph (an image collected by
microscope):

Arrows
for
points
of
interest
Scale bar
Figure Figure title
——>
number Figure x.x Sub-cellular Localisation of Protein A
Plant leaves were imaged by microscope 36 hours after treatment .
to fluorescently tag protein A with red fluorescent protein (RFP). Captlon
Arrow A: diffuse cytosolic signal with negative signal representing parag rap_hed
Legend membrane-bound organelles. Arrow B: cytoplasmic strand. for clarlty
3+ Arrow C: nucleus. Arrow D: punctate pattern exhibited in
/ key some cells and not in others. Arrow E: network pattern exhibited
in some cells and not in others.

}» Caption text aligns with width _{
of figure above

Figure 9.6 Components of a well-constructed figure (in this case, consisting of a micrograph)

Again, the figure is clear, uncluttered, simple in the number of component parts,
appropriately explained with a key, and has a statement of the most important
observations that the author wants to draw your attention to without interpreting them.

Colours

Colours are helpful in differentiating things like one data series from another on a
graph. If you choose to use different colours, bear in mind that some of your audience
will be colour-blind, and that there are different types of colour blindness. It's worth
investing a little time in researching colour combinations that are ‘safe’ to use.

It's also worth printing your colour graphs on a black-and-white printer to check
how this looks. If your report is to be sent to a marker electronically, they’ll most likely
want to print it out as it’s much easier to mark a long piece of work when you can easily
flick back and forth between sections. This versatility just isn’t possible with an
electronic document. If your marker only has access to a black-and-white printer, they’ll
need to be able to discern one data series from the next by other means. One solution
is to use textures and patterns in place of colour. This works reasonably well for bar
charts where you fill a 2D area, though be careful not to pack too many busy patterns
next to each other into a small space. For line graphs, different patterned lines (long
dashes, short dashes, dots, etc.) can be helpful. If your lines are plotted to connect
discrete data points, using clearly distinguishable symbols for those points will help, too.
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Here’s an example:

Green Seedlings - 0 uM Growth- Inhibiting Hormone

100%
80%
60%
40%
20%

0%

Figure X.X Effect

100% w
80%
/ —>— Plant Line A
60% T*
—+— Plant Line B
40%
L Wild Type
20%
(WT)
0% T T T T T T T T T T T 1

E Green Seedlings — 1 uM Growth- Inhibiting Hormone

2 3 4 5 6 7 8 9 10 11 12 13 14
Days

1
ﬁ‘(/f / —><— Plant Line A

/ et

/ / —+— Plant Line B

Seeds of plant lines A and B were sown alongside Wild Type (WT) on soil supplemented with either

A 0 uM or B 1 mM Growth-Inhibiting Hormone (GIH). Seeds were scored every day for the appearance
of green colouration (chlorophyll) in the first leaves. At a GIH concentration of 1 uM (panel B) the WT line
was markedly delayed in greening, while both experimental lines A and B were not as inhibited and still
achieved counts of >90% green leaves by the end of the 2-week period of the experiment.

Mz{//‘ . Wild Type
(WT)
Zaall T T T T T T T I T I T I
2 3 4 5 6 7 8 9 10 11 12 13 14
Days

of Growth-Inhibiting Hormone on Leaf Development

Figure 9.7 Use of colours in a figure

The triangular data point markers, which represent the variety known as Wild Type,
are perhaps the most difficult to discern (particularly in panel A). However, while
they’re printed here in black and white, the triangles were originally created in a colour
with a much lighter shade than the other two. As this data series sits in front of the
other two, which are represented by different cross shapes, it still stands out at time
points where they all coincide, for example from day five onwards in panel A.

Look at some articles in the journals from your discipline for inspiration. You’ll
probably be surprised by how neat and compact they seem compared with the graphs
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you'll generate using the default options in common spreadsheet and graphing
software. Simply finding ways to use less ink to represent your data goes a long way to
improving clarity.

Panels

If you have multiple pieces of information to convey from one experiment, you might
choose to put them all together in panels. You'll see this done in journal articles when
there are many small pieces of evidence that work together to convey a unified,
overarching point. If you’re writing a larger piece of work, such as a dissertation
covering several different topics, you might find that you want to combine several
results relating to one single concept by panelling them. Be careful not to let this cause
the individual parts to become too small to be easily understood, though.

A typical panelling arrangement would use the individual images, graphs, and so
on, to fill segments of a larger regular shape, like a square or a rectangular area on the
page. Your individual data panels don’t need to be of the same type; you can combine
line graphs, bar charts, images, and so on, in one larger box. Each individual panel
would be labelled so it can be referred to properly in the figure legend. This is usually
done with a letter in the corner. For example:

£ 15 2 15
g 10 . \\ o 10 — mMale
> s oooa - oo 5] B 5 — "Female
0
0 10 20 30 ¢ 0 2 3
Minutes Experimental Condition Number
/ Step 3a \
Step1 |>| Step2 \ Step 4 (end)
Step 3b /

Figure X.X Synthesis of an Experimental Product

A The volume of the experimental product increased from a baseline of 4 ml to a peak of 15 ml
between 6 and 16 minutes into the experiment. Volume decreased back to intial levels by the 25th
minute. B Male and female groups took their experimental products and used them in follow-up tests.
There was no consistent difference between groups. C The experimental procedure was the same for
each group with the exception of Step 3, which could be carried out by route 3a or by route 3b.

Figure 9.8 A multi-panel figure (incorporating two graphs and one illustration)

You needn’t use letters; you might prefer to use Roman numerals. Whichever system
you go for, just make sure that it is different from the main numbering system you use
to identify different figures, and also different from any system you might use to mark
features within the figures. Look back at Figure 9.6, above, and you’ll see that the figure
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numbering uses standard numerals (i.e. 9.6) and that the interesting parts of the image
are annotated with standard letters (i.e. A, B, C, etc.), and therefore any panel that
included this figure would need to use a different system to label the subparts in the
corners, so that they could be referred to unambiguously in whatever caption was
written at the bottom of the whole panel.

Dealing with outliers and unusual data points

You may have noticed the incomplete datasets in the graphs we used earlier to
illustrate the principles of graph colouring and symbols in Figure 9.7. If you look closely
at panel A, you'll notice that the trend line for plant variety B (marked by ‘+’ symbols)
had no data for days 2, 6, or 14. You'll also notice that the trend lines for neither plant
variety A nor the Wild Type had any data for days 4 and 7. This brings us to the
question of what to do when you have an incomplete, or unbalanced, dataset.
Unbalanced datasets might also include things like population samples that include
many more males than females, or many more measurements from one piece of
equipment than from another.

If you were examining the difference between some measurement of one gender
and the other — for example, the average lifting capacity of untrained females
compared with the average lifting capacity of untrained males — then it’s true that your
smaller sample size for males is less likely to accurately represent the true average
capacity for all males worldwide, but once your data collection phase is complete,
there is nothing you can do about this. You should continue with the data you have.
Some students have come to us with suggestions of reducing the female dataset until it
matches the size of the male one. Our question in response to that is: ‘On what basis
will you decide which measurements to drop?’

Do you remove the outliers at each end, that is, the strongest and the weakest
females, because they’re the least like the average? This reduces the variability in your
data, which would be akin to showing that your experiment reliably produced almost
the same result each time. Do you remove only the weakest? Or only the strongest?
Removing data points like this from only one end will change the average you
calculate. Do you remove the females who were closest to the average, then, so that
your average does not change much but your sample sizes become equal? There is still
no sound scientific reason for doing this. The data you have is the data you have; your
job is to dispassionately analyse it.

Certain statistical analyses you might choose to carry out will require that your
datasets are organized in specific ways. Some tests may absolutely require that they
contain an equal number of sample points on each side. This doesn’t mean our
skewed, hypothetical dataset is unusable; it simply means this particular statistical test
would not be appropriate. The details of different statistical tests are outside the scope
of this book, but it would stand you in good stead to familiarize yourself with the most
common statistical operations required for your field.

Positioning tables and figures

You won't always be able to position your figures next to the text that accompanies
them. If your text ends at the bottom of a page, your figure will have to be overleaf. If
your text refers to two figures simultaneously, and each figure is large, your second
figure could be two pages away from the main body text that introduced it. If you put
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yourself in the position of a marker or a reader, you can see how frustrating it would be
to repeatedly flick back and forth to compare a graph with its legend, or, even worse,
scroll up and down on a screen.

That said, your figures should come as close to their introduction in the text as
possible without coming before. You might choose to dedicate a section across the
whole width of your page to your figures, as we've done with our examples here.

If you have a figure that is unavoidably wider than it is tall, it might be easier for
your reader to interpret if you choose not to squeeze it into the space between the
left and right edges of a page, thereby making it smaller and losing detail. This is
particularly problematic whenever you have created a large table with many
columns but only a few rows. To keep the text large enough to read, your table or
figure may end up spilling off the edge of your page. Instead, consider rotating your
figure or table by 90 degrees to take advantage of the greater distance between the
bottom and the top of a page. This means, of course, that your reader will physically
turn the page so they are looking at it in landscape orientation, so use your
judgement about whether it would also make sense to rotate the text in your figure
caption as well.

Different types of data, and how to present them

Staff who mark first-year reports frequently comment on the choice of graphs their
students have used. The most common errors are to do with using the wrong type of
graph in the first place, or using the right type of graph but misrepresenting the
relationship being investigated.

Before we look at ways to represent data, let’s first look at the different types of data.

Types of data

Categorical vs continuous

A very large part of your decision about how to represent your data will depend on
whether it measures something on a sliding scale, or whether it measures something
that’s measured in separate categories.

Heights, weights, electrical potentials, volumes, concentrations — these are all
quantities that can take any value at all between the relevant maximum or minimum
for the thing being measured. Yes, we measure them with scales that are divided
into steps like metres or centimetres, or volts or millivolts, but those are artificial
divisions put in place by the scientists who first devised those scales. The physical
quantities are not limited to only the values that our tools can distinguish. These
quantities are referred to as continuous variables and we can plot them on certain
types of axes.

Nationality, hair colour, subatomic particle type — these are all variables which can
either be one thing or another. Yes, someone’s nationality can be mixed, but they
would either declare themselves to be predominantly one nationality, or they would
declare themselves to be a mix of A, B and C, and this mixture would then be their
category. Likewise, we give different names to hair colours and don’t measure them
along a quantitative scale, and subatomic particles must be of one type or another.
Categorical variables like these are plotted on different types of axes.
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There are other ways of breaking down continuous and categorical variables (you
may have heard of terms like ordinal and discrete) but the concepts of continuous and
categorical are enough for us to deal with for now.

Types of plot

In the next few subsections, we’ll give you advice on how to use different ways to
represent data, but one feature underpins them all: the variable you have control
over — the independent variable — should go on the X-axis, and the variable you are
measuring — the dependent variable, so named because its values are dependent on
whatever you’re controlling in your experiment — should go on the Y-axis. (The Z-axis
can be used to represent a second independent variable, if required).

Continuous variables against continuous variables

This section is about graphing two continuous variables against each other. Continuous
variables need to be plotted on axes that are proportional to the values being plotted;
in other words, for every increase in the value you want to plot, you have to move
along the axis by a defined amount. The axes can be directly proportional, meaning, for
example, that a doubling of the value you wish to plot means a doubling of the
distance along the axis you must place your data point, or they can be exponentially
proportional, meaning you will be using log or semi-log paper.

Scatter plots

When you plot continuous variables against continuous variables, you need to have a
continuous scale along each axis. The only type of mainstream graph that allows for
this is the scatter plot. It allows you to choose any combination of X and Y values, and
to freely plot a data point at their intersection.

Urine Production After Drinking Alcohol

Urine Produced (Pints)
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Figure 9.9 Scatter plot with free spread of dependent variable values

If you take multiple measurements at each value of your independent variable - for
example, if the people represented here in Figure 9.9 had consumed whole numbers of
pints rather than the continuous range of volumes plotted on the graph - you can still
plot these all on the same set of axes, even though they may overlap. For example:
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Urine Production After Drinking Alcohol
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Figure 9.10 Scatter plot with values of dependent variable restricted to whole numbers,
measured in triplicate

You might prefer to plot the average of your several measurements, and to this you
could even add error bars as an indication of the variability of those measurements at
each point:

Urine Production After Drinking Alcohol
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Figure 9.11 Scatter plot with dependent variable tested in triplicate, observations averaged, and
plotted with error bars

The last point to make about scatter plots pertains to lines of best fit. You've
probably had the debate about whether to connect your data points with straight lines,
or to draw a smooth line. Then you have the question of whether a smooth line should
weave smoothly and precisely through all of the points, or whether it should trace out
a sort of average trend, missing out data points to do this. The answer to these
questions always depends on what relationship you’re trying to show.

Does it make sense that as you increase one variable, the other will increase /
decrease steadily in response (for example, the higher the temperature, the faster a
chemical reaction proceeds)? If so, then a line of best fit would most closely represent
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the truth of the situation to your reader. If you find a steady trend up until a point, and
then there is a significant break in the pattern where the value of the dependent
variable jumps massively, ask yourself whether this is likely to be genuine or whether it’s
a result of some human error or technological limitation in your instruments. A line of
best fit shouldn’t go through such abnormalities if they can’t be explained in the real
world.

A line of best fit tells your reader that you're claiming your results have some sort of
predictive power. You will be able to choose any value of your independent variable on
the X-axis, move your eye from here up until you reach the line of best fit, then across
to the Y-axis, and arrive at the value of the dependent variable that you would predict
to find. If this notion of prediction doesn’t apply to the real-world logic of your
particular measurements, then a line is probably inappropriate.

You'll be able to use software to plot a line of best fit through any set of points, and
it'll probably even be able to give you an equation to describe the line. Software is only
as smart as the person operating the computer, though, and if you ask for a line of best
fit on a dataset full of faulty observations, the line you get back will be meaningless.

Continuous variables against categorical variables

This situation is much more diverse and allows the use of many different types of
graph. We'll give a quick explanation of the key features of the most popular ones.
Vertical bar / column charts

These are useful for plotting the frequency or magnitude of a categorical variable.
They’re fairly simple to create, which leads to their overuse and frequent misuse. It's
possible to plot something like the voltage of every one of a series of batteries, or the
concentration of a large series of chemical solutions, but this tells us very little.

In this graph, one set of batteries had been used to power a calculator, and one set
had been used to power a motor. The capacity left in each battery after a defined
period of time was measured and plotted:

Battery Depletion by Different Usages
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Figure 9.12 Bar chart without organization
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Instead, would it make sense to order the values from lowest to highest?

Battery Depletion by Different Usages
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Figure 9.13 Bar chart with organization ... but still not a good graph

By enforcing order on this graph, we’re suggesting to our reader that there’s a
connection between the order in which you test the batteries, and the voltage
you'll find across them. The first battery will have around 10 per cent, the second
will have around 15 per cent, and so on. Clearly this is not true, as the theory is just
nonsense. By creating this graph, though, it’s the message we’re implying to our
reader.

Instead, it would make much more sense to measure something like the
average leftover capacity of all the batteries, or the average concentration of the
solutions. Let’s try to add some real-world logic here: if the batteries had all been
used for the same purpose, and if the solutions had all been prepared using the
same method, then we should expect to find the values of each data point in either
set to be roughly equivalent. These averages can be stated quickly in the text of
your report, so there’s no need to create a graph for this one data point (i.e. the
average).

In conclusion: make sure a bar graph would actually add something to your report
about the connection between the variables on the X and Y axes before going to the
effort of creating one.

Histograms

This is a specialized type of bar chart which is useful for showing how frequently
different categories appear in your sample pool. In other words, for plotting a
frequency distribution.

Imagine you wanted to see the distribution of different ages in a population.
Perhaps you are only interested in ages as five-year blocks. Your graph would then look
like this:
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Figure 9.14 Histogram

Because you’ve moved away from using a continuous scale on the X-axis, and
instead you‘ve given labels to the groupings, what you have is a categorical variable.
The height of each bar tells you how ‘popular’ that category is, and the width of each
bar is related to how wide the category is. In this case each category spans five years,
and therefore each bar is the same width. The bars are also in direct contact with each
other, which helps to make it clear that although each bar represents a category, these
are still segments of one continuous scale.

Pie charts

We commonly see pie charts used to represent percentage data. While we completely
understand the urge to do this, you should make sure to only do it if the percentages
you're presenting a) are portions of the same one entity, and b) add up to 100 per cent.

Taking the statistics from our own research on staff and student perceptions of
ability in lab reports, we could say the following:

Reasons We Assign Lab Reports
Assess you and award a grade
0,
Test that you o
can document Understand
results and
30% interpret
data
Improve 87%
written
communic-
ation
50%
Show
knowledge
ofa specific Link theory
experiment and experiments
50% 74%

Figure 9.15 Pie chart — values do not total 100%
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The percentages add up to more than 100 per cent, so while the segments of the
pie show you the relative popularity of each answer, a pie chart is not the right way to
show this.

Another example. Imagine an experiment where chemical materials were supplied
to a team of students who placed them into one of two test tubes to carry out two
separate reactions until all of the reactants had been used up. One hundred per cent of
the materials were successfully used, and the students then measured the chemical
purity of each product:

Purity of Two Synthesised Compounds

Compound B
33%
Compound A
46%

Figure 9.16 Pie chart — values not part of the same whole

The students measured something worthwhile and made a valiant attempt to
present their findings, but it doesn’t make sense to add together two measures of
purity from two different reactions. They are portions of two separate entities, and so
they are completely unrelated to each other. Instead, something like a vertical bar chart
could have been used in each scenario.

Before we move on, we'll deal with another very common mistake. This mistake
applies to any type of graph, but it’s definitely most prevalent with pie charts.

What do you think about the distribution of answers to this question?

Do You Like Graphs?

| hate them! Very much

No A little

Not sure

Figure 9.17 Pie chart with 3D effect

The answers seem evenly spread between the options. If we remove the 3D rotation
and look at the graph face-on, however, we can see the reality is quite different.
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Do You Like Graphs?
| hate them! Very much
25% 25%
No A litte
O o,
7% Not sure 18%
17%

Figure 9.18 Pie chart without 3D effect

We've also included the values as part of the data labels here. We’d recommend you
include both these elements in your pie charts — a flat representation, and the
percentages themselves — in order to allow your reader as much chance to interpret the
data correctly as possible.

Categorical variables against categorical variables

For the sake of completeness, we should mention this type of data combination. It
would be possible to represent categorical variables along both the X- and the Y-axes,
but it would be difficult to plot any relationship between these two things other than in
a yes-or-no type of way, where a data point indicates a yes, and its absence indicates a
no. To plot any measure of magnitude at that point would be difficult (perhaps
reflected in the size of the mark made on the graph?). The easiest way to do this would
be to simply replace a data point with the actual number recorded. In the end, what
we have described is a table.

Types of data — summary

There are other types of graph, and many different pieces of advice we could give
about combining graphs with each other to show multiple features of your dataset
simultaneously. If we did, we would take up far more of this book than we have space
for, but we encourage you to read voraciously on the subject of data presentation.
Along with word choice and appropriate scientific tone, it is one of the major factors in
determining whether your marker recognizes you as someone with a confident grasp
of their science, or not.

Establishing good habits with your data

There are three aspects of scientific writing that are guaranteed to take up more time
than you anticipated: getting your references in place; formatting the layout of text,
images, and page divisions in your final document; and tidying up your presented
data. We urge you to start early.

If you're conducting a lengthy lab project, think about writing up your data as you go
along. Not only will it help you when it comes time to write the final report, but it will
give you much more chance to think about your results as you go along, and this gives
you the chance to make sensible decisions about which experiments to carry out next.
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One of our students said:

Interpreting data and figures, and finding discussion points before writing the final
report is really useful. When | started going through the literature to compare my
results with data from other scientists, | thought of paths of investigation that | had
not considered before. | kept thinking of more and more interesting experiments
that would give my project higher impact.

Another said:

| could have kept better records. It was hard to find randomly labelled data.
Getting things into their final format as early as possible would have allowed me to
better have an idea of the ‘story’ | was trying to tell, and where any gaps in my
data were.

If you're collecting more data than you think you’re going to present, but you don’t yet
know which pieces of data will make the cut, it could be helpful to have an ongoing
‘journal’ of your findings in the form of a PowerPoint presentation. If each slide contains
one graph, or one table, it will be easy to flick through the slide deck at writing time
and decide which figures will help you tell your story in the most thorough, most clear,
and most logical way. This book is focused on scientific writing, but, of course, your
university projects will likely involve presentations too, and having a ready-made
slideshow of data will pre-empt the work you have to do at presentation-writing time.

If you’re writing an essay or a literature-based dissertation, you'll want to describe the
findings of others. It's perfectly permissible to use their graphical data in your work
(unless you plan to publish the essay or dissertation, in which case you must ask
permission from the copyright holder — usually the publisher of the journal. Be aware that
‘publishing’ includes the act of making a thesis available online, which more and more
universities do, particularly with master’s and PhD theses). Remember that the author of
the article you're borrowing from had their own purpose; to tell the world about their
science as fully as they could. Your purpose is to answer an essay or dissertation research
question, and so you perhaps don’t need to use every piece or every panel of their figure.
Some of the labels, annotations, or table rows may not be relevant to your work.

In these cases, we recommend that you mask those elements so your reader doesn’t
get confused by trying to make sense of them. Overlaying them with white boxes is a
quick and easy workaround. The original figure’s caption is probably irrelevant to your
audience too, so you should disregard it and write your own one to put the data in
context with your assignment. As always, remember to cite the source in the new
caption, and in the main body text where you direct your reader to look at this figure,
and again in the full reference list.

In our section Principles of data presentation on p. 79, we showed you the most
important general principles of designing and showing your figures and tables. It's
important that your marker sees you can do this consistently from the start to the end
of your work. Once you have decided on a style — meaning the font, the text size,
whether or not to put borders around your figure legends, how to format your panel
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labels, and so on — make sure that you stick to it. If you alter it in one place, make sure
you alter it in all the others.

If you're using Microsoft Word, you'll save hours of your life by learning how to
make use of the Styles feature. This lets you tag specific pieces of text as first-level
headings (useful for chapter titles), second-level headings (useful for subsection titles),
third-level headings, and so on. Once you have all of these tagged, you can quickly
and easily control the style of all headings throughout your document by making one
master change to the options for the appropriate style. This is also invaluable for
creating your Table of Contents. Word can auto-generate your Table of Contents, and it
gathers the text for each entry by scanning through the document for everything
you've tagged as a heading. This means if a heading moves from one page to another,
the Table of Contents will dynamically update to reflect these page number changes
without you having to worry about it.

The Styles feature is also invaluable for keeping track of your figures and tables. As
we mentioned in Chapter 4 — The Dissertation, you should include a List of Figures and
a separate List of Tables in longer pieces of work like final year project reports or
dissertations. The Styles feature lets you assign styles such as ‘caption’ for these. You
can then auto-generate your List of Tables and your List of Figures in the same way as a
Table of Contents, saving you lots of time and a lot of uncertainty.

Conclusion

We hope this chapter has given you some insight into the huge range of
technicalities that contribute to a well-executed presentation of data. We also hope
this gives you an appreciation of why data presentation is such a good marker of a
student’s capabilities in scientific communication. Much of what we’ve said is to
help your reader interpret your findings quickly, clearly, and without having to refer
too much to the main body. By doing this for them, not only will your writing be
appreciated by whoever reads it, but you will be much more likely to attain a
higher mark in your assignments. We hope that by now you will:

e have reflected on your own experiences of reading other people’s data as well as
your own work from previous assignments;

e recognize the subtle design features that have made good figures easy to
understand in the past;

e understand the core features required for every figure and why these are useful
to a reader;

e be more aware of common mistakes, and common pitfalls encountered when
using ‘helpful’ software to produce visuals;

e know how to relate your main text to your figures and tables;

be able to produce visually consistent figures that give a sense of continuity and
professionalism.
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Top 3 staff comments on critical thinking

» Our students should feel comfortable disagreeing with something a published author has said,
as long as they can explain why.

» Critique isn’t only about finding flaws.

» A narrative listing of what’s been discovered will only show us that you can absorb information;
your critical analysis is what shows us how well you've understood it.

Top 3 student comments on critical thinking

» I'm not qualified to critique someone else’s work when I'm still learning the subject myself.

» How do I pick out the most likely truth from two different things said by two different figures of
authority?

» How do | work my criticism into the structure and flow of my essay / dissertation, etc.?

Being critical: what, why, when, and how?

Any university lecturer from any degree will tell you that critical analysis is a primary
skill they hope their students will develop. They might also say that it is often the
distinguishing factor between an assignment that is just acceptable and one that is
exceptional. Despite this emphasis, many students we speak to have never been
properly told by their subject lecturers what critical analysis really means.

‘Criticism’ is a word that suggests negativity when we use it in everyday life. For
example, if you hear a reporter say that a politician is ‘critical’ of another’s policy, it
usually means that they’ve found fault with it. As a result, when students are asked to
analyse something critically in their coursework, they often start looking for problems
and weaknesses. However, in higher education, ‘critical thinking” doesn’t necessarily
always have this association of negativity.

In simple terms, critical thinking is a willingness to ask questions. We recognize that’s
a difficult task when you’re near the start of your academic career and you’re not sure
which questions you should ask. The majority of the time, the studies that you will be
asked to read have been carried out and written up by professional researchers in your
field. The idea of challenging their work can be intimidating: how can you, as someone
who has perhaps only been studying this subject for a few months, be expected to
make a judgement on the work of a professional researcher?

98
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In this chapter and the next, you’ll be given the essential skills you need in order to
be critical of others’ work in your own writing. Learning how to be critical of others’
work will, in turn, give you the skills required to assess your own work rigorously — both
vital abilities in undergraduate study.

In order to do this, we'll first position the role of critique in the standard scientific
method, giving you some context and helping you understand why critical analysis is
important in science. Next, we'll discuss the importance of criticality more broadly,
focusing on situations where a questioning habit in science might translate into a
benefit for your everyday personal life, or for us collectively as a society. In the next
chapter, you’ll be guided through a detailed breakdown of a research paper in order to
let you see exactly what you should be looking for in each section, as well as the
specific type of questions you can ask of it. We'll also look at different types of study
commonly published in science, and give you some tips on how to assess each of
these. Lastly, we'll discuss how you should deal with conflicting information.

The importance of critical analysis in the scientific method

The scientific method is a way of thinking and behaving in order to make new, reliable
discoveries in a sound way. It’s difficult to define because there is no single best way to
do every experiment, but one of its crucial features is that science is self-correcting.
This means that we're constantly working at the edge of understanding, and that new
discoveries in the future have the power to change what we understand today. This
self-correction wouldn’t be possible without a willingness to be critical of previous
discoveries. (For example, at the time of writing, physicists (CDF Collaboration, 2022)
have just announced a significant discrepancy between the predicted and the
measured mass of a particular subatomic particle — the W boson. Much of physics rests
on our understanding of these fundamentals, so this may have far-reaching
consequences, and with 399 authors on the article, it's probably fair to say that this will
be remembered as a significant publication.)

Many widespread beliefs from the past have been dismissed as a result of our
capacity for critical analysis. In the eighteenth century, it was believed that diseases were
spread through the air by toxic clouds of gases called ‘miasmas’. Nowadays, we know
that the gases of the air aren’t responsible for communicable diseases, and instead we
have an understanding of disease transmission by direct surface contact, by airborne
pathogens, or by transportation via vectors (as in the case of the malaria parasite, which
is carried by mosquitoes which are relatively harmless on their own). In chemistry, we
once spent a great deal of effort on the attempt to turn lead into gold, and many
people claimed to have actually done so. A critical evaluation of their methods and the
findings, however, led us to update our belief about the nature of matter. In physics,
light waves were proposed to travel through an invisible, intangible substance known as
the ‘ether’ — surely a wave needs something to ripple through? — but deduction and
critical thinking on the part of Michelson and Morley in the 1800s allowed us to reject
that hypothesis. In a more contemporary example, early genetics theory held that each
gene had instructions for making one protein: the ‘central dogma’ of molecular biology.
Several decades later, new findings that are incompatible with this theory have come to
light, and we now know that things are far more complex.

Each of these scientific advances illustrates the power and the importance of
applying a critical eye to previously accepted knowledge, and correcting our
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understanding when new evidence challenges it. (Of course, you always need to
ensure that any such new piece of evidence is actually better than the old one, and later
we’ll show you how to make such an evaluation.)

Being critical also isn’t necessarily a negative activity. You’re not being disrespectful
by thinking critically about someone else’s work — you’re showing and checking that
you can put yourself into their shoes, and that you can think through a procedure for
yourself. Don’t be afraid to challenge your tutors in the spirit of academic inquiry if
you find evidence that seems to be at odds with what they tell you. You'll begin to
learn through these conversations how messy the truth can be, and how the
professionals teaching you reconcile such differences. Through these challenges, you'll
be engaging in a wider academic conversation, and entering an academic
community.

Being critical also encompasses some activities that are explicitly, deliberately
positive. In Chapter 2, we explained the standard lab report format and outlined why
the results and the discussion sections are kept separate from each other. (Briefly: by
giving the reader a chance to think about your findings before you start to introduce
your interpretation of them, the reader stands a greater chance of deciding for
themselves whether your methods are appropriate for the research question you're
asking, and therefore also whether your results say anything that can be trusted.) A
good piece of written critical analysis will then make reference to strong, well-chosen,
robust elements of an experiment’s design. For example, a complex and multifactorial
system will naturally be difficult to investigate due to the number of variables at play. A
well-designed set of controls that accounts for as much of this complexity as possible
will strengthen the impact of any results.

You should make it clear to your marker when you notice this type of strength.
Remember that your marker will be looking for evidence that you've learned not just
the course content, but also that you’ve developed the skills required of a graduate. If
we take a step back from the specifics of any particular marking guide, we can fairly
confidently say that the staff in charge of your course probably see it as a core part of
their duty to ensure that graduates who leave with good degree grades would be able
to follow in their own footsteps and become the next generation of academics. If you
can point out where you see strengths in others’ work, you'll give those markers
confidence that you’ve got a good basis of understanding of how to design your own
scientific investigations in the future.

Whether that’s a career you plan to go into after graduation or not, demonstrating
good critical abilities will at least get you better grades while you're here. Regardless of
your academic ambitions, though, critical thinking will undoubtedly also help you in
making good choices as you go through your life.

The importance of critical analysis in everyday life

By ‘good choices’, we don’t necessarily mean correct ones, or to judge the intrinsic
moral value of one course of action over any other. Many choices in our day-to-day lives
don’t exist on such simple scales. When we talk here about ‘good choices’, we mean
choices based on an informed, considered, and critical consideration of all the
information you have available to you. It is that process of how you arrive at a conclusion
and make a choice that we are interested in evaluating here as ‘good’ (or not).
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Our ability to make these good, informed choices is dependent on the range and
the quality of information we seek out. Note the emphasis here on information-seeking
— it is a deliberate choice not to say ‘the quality of information available to us’. Relying
on a small or a closely aligned group of sources is one of the classical pitfalls in critical
analysis.

One of the inescapable elements of modern discourse over the past 5-10 years is
the proliferation of ‘fake news’, both as a phenomenon in and of itself, and as a public
discussion about the societal structures that have risen up to surround it. Information
delivery is more rapid, more abundant, and more democratized with each passing year.
The desire to publish breaking news first and capture an audience is at odds with the
requirement to validate findings, which takes time. When publishers and sharing
platforms spend less time fact-checking, the responsibility then falls to the reader,
which is a large task in which many people either do not want to invest the time, or
have not been given the necessary skills to do so.

Technology and social media companies are grappling with the unintended
consequences of algorithmically serving up content to their users. With content
providers driven by the need to keep users actively engaged with their services (thereby
fuelling the advertising economy that generates their income) and with too many posts
per day on each platform for any average user to possibly engage with, users are
provided with a curated list of posts. This curation is often (currently) based on what'’s
proven popular with other users in the same demographic. There might be little
downside to this when the content is purely for entertainment, but when the content
carries messages, knowledge, or opinion, it can create echo chambers where people
spend time consuming material that simply agrees with their existing views (Cinelli
etal., 2021). (The same has long been true of traditional media, where print
newspapers that take a political leaning will attract the attention and the sales of an
audience that is sympathetic to those views; the issue is simply compounded by scale
and ease of access in digital media.)

One way these companies have attempted to break down these echo chamber walls
is to algorithmically introduce material that does not agree with those same views.
Interestingly, however, studies have repeatedly shown that presenting someone with
this kind of opposing viewpoint usually can further entrench someone into their
position — the ‘backfire effect’ — as they feel their worldview is under attack and requires
defence or justification (Bail et al., 2018).

This has become a particularly prevalent issue in the years prior to the publication of
this second edition of our book. Issues surrounding the COVID-19 pandemic and the
treatments available are perhaps the most obvious example. When news reaches us in
an environment that is so prone to human biases and inadvertent politicization, and
when the way we engage with that news has consequences as far reaching as global
healthcare and international economics, it’s important to know how to critically handle
the information made available to you.

Ways of being critical

Both in science assignments and in your everyday life, these general, high-level
questions will help you evaluate - literally, decide how much value to ascribe to — any
new piece of information presented to you.
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Authorship

Questions to ask yourself

Who said it?

e Can you identify the person(s) who first shared the information you‘re
looking at?

e Has the information been relayed through several intermediaries
(e.g. friends, bloggers, journalists, review article authors)?

e If they’'re describing something that happened to someone else, are
they likely to have spoken to sources that are themselves informed,
reliable, and without an agenda or bias? (Remember that biases can be
conscious as well as unconscious — people may not realize that what
they say is influenced by their own personal experience.)

o If there’s no identifiable author, or their identity has been systematically
masked by the information being published on an anonymous outlet,
does that tell you something about it?

What is their role?

e Are they a qualified person in this field?

* Why are they sharing this information?

e Are they working at the direction of anyone else, e.g. an organization
that employs them to work to certain criteria?

Curation and

Questions to ask yourself

publication
Which route e Has your information appeared in a place that’s been curated? In
or outlet did what way?

you receive the
information from?

e Have any editors or reviewers approved the piece?
e Has it been indirectly curated by other audience members, e.g. via
upvotes, likes or shares?

Date Questions to ask yourself
How old is the e Can you find a date?
information? e If not, is that concerning?
e Can you verify the age yourself? (Online search tools exist that allow
you to search for similar images to find other, earlier appearances.)
Is newer e Isit an area of active research, or a topic that’s actively developing?

information likely
to be available?

e Should you have expected newer information to be available by now?

e Are there indications that newer information has been deliberately
ignored, or have attempts been made to discredit it in a way that
seems unjustified?

Fact-checking

Questions to ask yourself

and review
Has it been e Is an editor in charge of the publication outlet? (See questions above
reviewed? about authorship and curation.)

e If it’s a scientific publication, does the journal’s website tell you about
their review process?

e |s the review double-blind (i.e. the reviewers don’t know the identities
of the authors, in an effort to remove prejudices and biases between
academics who may know each other’s work)?

Has it been e If a current event or a topic of debate, have any news outlets published

fact-checked?

any explicit fact-checking articles on it?
e If on a social sharing platform, does the platform also provide links to
fact-check pages or verifiable and authoritative sources on the topic?
e What do those fact-checks say?
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Triangulation Questions to ask yourself

What do others say? ¢ Do other authors agree?

e If not, why not?

e This isnt necessarily a reason to distrust the findings — many
scientific papers describe conclusions that don‘t align. This is a
natural part of a process where the unexpected findings point to
new questions to ask in further experiments.

As you've seen, critical analysis facilitates good decision-making in our everyday lives
and supports scientific progress. Next, we'll use realistic examples to illustrate how to
critically analyse scientific results, in preparation for your own writing.

Worked example: smoking and cardiorespiratory disease

Imagine you're researching the connection between smoking and cardiorespiratory
diseases. (It doesn’t matter whether you know anything about the topics; we've
designed the example so that you’ll still be able to follow it. The only piece of jargon
we’ll use is the word ‘cardiorespiratory’, a broad medical term that means ‘related to
the heart’ (cardio-) and ‘related to the lungs’ (-respiratory).)

In this scenario, you're testing the hypothesis that males and females are affected by
smoking at different ages. You contact a local hospital and ask for access to patient
data relating to smokers. The hospital is small (only 300 smokers with this type of
iliness) and rural, so all of these patients would have been examined by the same
consultant. You separate the men and the women, you group them by age, and you
plot the number of patients diagnosed in each age group on a graph.

60

50

40

30
Male

20 ElFemale

Number of cases of cardiorespiratory
disease

Age at diagnosis

Figure 10.1 Example data from a population study
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You conclude that smoking leads to a diagnosis of cardiorespiratory disease at an
earlier age for men than for women.

Before we get to the critical analysis, we’ll draw your attention to the noteworthy
parts of the graph:

e The age bracket with the most diagnoses among men is 51-60.

The age bracket with the most diagnoses among women is 61-70.

No patients were diagnosed before the age of 20, and very few before 30.

No females were diagnosed above the age of 91.

The rate of diagnosis in men declined after the age of 61, but there was a second

peak between the ages of 81-90.

e Imagine a line dividing the graph between the ages of 60 and 61. While roughly
two-thirds of men are diagnosed before 60, two-thirds of women are diagnosed
after 61.

Every graph you examine will be drawn for a different purpose, but to give you a
starting pointer, you should probably be looking for patterns or trends in the data,
exceptions to trends, and/or differences in the values between the different subjects (or
subject groups, as in this case).

Now that you’ve read about the experimental design, seen the data, and read the
conclusion, do you agree?

First, we'll discuss the weaknesses.

Weaknesses

e The sample size is small (300) relative to the number of smokers in the country (a
justified estimate would put this in the millions for the UK).

e ‘Cardiorespiratory diseases’ affect the heart and the lungs, so we are probably
looking at data from people with many different conditions, each of which will have
different relationships with smoking.

e We don’t know how long each person had been smoking: a 44-year-old on this
graph may have started only three years previously, while a 38-year-old may have
been smoking for two whole decades.

e These patients all came from one geographically isolated area, so perhaps they
are more genetically similar to each other. Heart disease is strongly affected by
genetics, so these patients may not be representative of the situation in the wider
population.

e Only one hospital was involved; who knows whether they classify patients differently
from other hospitals, or use a different ‘checklist’ for diagnosis?

As we've said, critical analysis also involves looking at strengths.

Strengths

e People are naturally variable: two 55-year-olds may be different, while a 52-year-old
and a 57-year-old may be physiologically quite similar, so grouping patients into
10-year-groups avoids creating artificial divisions for every year of age.

e The patients came from one hospital with one consultant, so we can be fairly
confident they were diagnosed according to the same criteria.
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Overall, the conclusion here probably does not stand up to scientific scrutiny. We have
deliberately avoided any statistical analysis — that is beyond the scope of this book — but
such analyses are a powerful tool for critiquing. There are also a few other minor
strengths and weaknesses we’ve noticed, so have a think on your own. The results do,
however, suggest there may be a trend worth exploring in further studies. Word choice
here is key. If you were to write up this report, using qualifiers like this:

This result supports the hypothesis that further studies with more patients must be done to
prove or disprove this correlation beyond doubt

... is much better than saying:
‘This result shows that’ or ‘This result proves that ...",

... both of which make definitive claims.

Critiquing a whole research paper

As you move through your degree, you'll be increasingly likely to have to not only read
and comprehend, but also to analyse scientific articles. In order to understand how to
critically analyse a piece of research, it is vital to understand how research papers are
typically structured and what kind of information you can expect them to provide. The
majority of scientific papers are written using the IMRaD model: introduction, methods,
results, and discussion. Each section is expected to do a very specific job, and this
means that you can ask very particular questions of each section to become familiar
with the experiment. Table 10.1 gives an overview that you can use to help you do this.

Section Purpose Questions to ask
Abstract This should succinctly describe Does this provide a general overview?
what the paper is about. Are there any key terms | need to
understand?
Introduction | This should describe the purpose Has the writer clearly explained how the
of the study, and why it is of study relates to the broader field?

importance. Do | understand the purpose of the study?

It should also provide enough Do | understand the significance of this
context that the reader can study?
understand the paper, and how it

relates to the broader field. Do | have enough information to

e . confidently read this paper?
Any specialized terminology or

concepts should be defined and
explained here.

Are there any terms or ideas that | need to
research before reading further?

Methods This should describe, in enough Is everything described in specific and
detail for replication, the methods | consistent detail?
used to carry out the experiment

to answer the question posed by
the study. What controls were used, and why?

What was the sample size?

Table 10.1 Questions to ask of each section of a research paper
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Results This should present the data What did they find in each sub-
resulting from the experiment. experiment?

It might not include every result,
but it will offer representative data.

Discussion This presents the ideas that can How can the specific findings of the study
be inferred from the results. be more broadly understood and applied?
Patterns, relationships, and general
principles will be described.

The implications of these will also
be placed in a broader context.
Any contradictions and exceptions
should be clearly pointed out and
suggestions made for how these
might be resolved.

Table 10.1 (Continued)

You might initially find it difficult to read research papers and ask the necessary
questions. That’s understandable. Papers are often densely written, using specialized
vocabulary. Take each section at a time and read it twice before you begin to ask
questions. Make sure you note down your assessment of each section, with examples
alongside it. Remember, as we said at the outset of this chapter, your evaluation is likely
to contain positive and negative elements. When incorporating this information, think
back to what was discussed in Chapter 8 about how to incorporate and reference other
people’s work.

The questions we’ve just examined establish your understanding of the paper, crucial
in creating a foundation for an effective critical analysis. The next section will look at that
critical analysis in detail and consider the more specific questions you should be asking.

Valid criticisms you can make

When lecturers tell you to critique a piece of scientific work that someone else has
written, it’s perfectly normal to feel like you're just not qualified to do so yet. After all,
you may only have done a couple of experiments, so you can’t use your own
experience to recognize what is good and what is bad, what will work and what won't.
So, what are they expecting you to say?

This is where you take the principles of scientific rigour that you've learned and see
whether you can poke any holes in the logic of the author of the work you’re analysing.
The most common criticisms fall into two categories: problems with how an experiment
was designed and carried out, and problems with interpretation of the results.

Problems with design

Ask these questions when reading the introduction and methods sections.
Regarding the background and justification:

Has the author made any unfounded assumptions?

Does the author misrepresent other pieces of research that you’re aware of?
Are pieces of research mentioned relevant and current?

Are there studies missing that you would have expected to see referenced?
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Regarding the methods used:

e How many replicates were used?

e Was the experiment allowed to happen for a long enough time to be able to reveal
a difference between condition A and condition B?

e What controls would you have used? (How many variables could have affected the
outcome, and was a control condition used for each? Were they carried out
separately?)

e Can you think of any confounding factors not mentioned by the authors? (These are
things that would mask any genuine results. For example, you might read a study
which concludes that cows fed on a certain type of new cattle feed grow to a larger
size. However, if you are not told about their general living conditions you might
not be able to see that, for example, they are also treated with a new antibiotic that
gives a growth advantage.)

It often helps to imagine that you are a competing scientist working in the same field.
You're not expected to be able to come up with a whole experimental design on your
own yet, but if you can see a small shortcoming in someone else’s work, then you
should feel confident enough to say that in your coursework.

Problems with interpretation of results

At this stage in reading a report, you can shift your focus onto whether the authors’
conclusions are supported by their data. They should avoid too much broad
generalization or overstatement of impact. For example, if a drug trial were carried
out on 2000 subjects, of an equal gender mix, of equivalent ages, in Argentina,
across all socioeconomic backgrounds, then although the sample population was
balanced, clearly explained, and generally quite well-designed, it would be
inappropriate for the authors to claim that their results are applicable globally. The
same drug may indeed eventually prove to be useful in, say, sub-Saharan Africa or
Western Europe, but we can’t actually be sure of that until further research has shown
that climate, diet, social behaviours, and many other local variables don't affect the
drug’s usefulness among these populations. In short, it would be inappropriate to
generalize.

The way data is presented is crucial. The common perception of science is that the
results gathered are so objectively measured that there can only be one way to
interpret them. This is not the case. Data should be presented clearly, with appropriate
labels and to appropriate scales to allow the reader to arrive at their own conclusions. If
not, perhaps the authors have made an effort to hide results that are not as impressive
as others.

Reproducibility is a central concept in science. If a result is based on only one or two
measurements / replicates, how can we be sure the finding is real? Any such results
should be treated with caution and healthy scepticism, and perhaps reported in your
own writing as ‘preliminary’ or ‘pilot’ studies.

Extrapolation beyond the conditions used in an experiment can be dangerous. If
you measure the products of a chemical reaction at a range of temperatures, then you
will be able to plot a graph. This might show a predictable trend (e.g. a straight line on
the graph, or a smooth curve). Can you then extend this prediction and continue the
line beyond the temperature range you measured? Can you be sure?
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Some other questions you can ask of the data and discussion sections:

e Has this section fully answered the question posed in the introduction?
e Do the data and the conclusions drawn support each other?

Some of these criticisms will be relevant to your field and some will not. The best way
to familiarize yourself with the conventions of your subject is to read any papers
suggested by your lecturers and, as well as learning about the findings, taking the time
to read about how and why they did things the way they did.

Here’s a short worked example to help you get a sense of valid criticisms you might
make.

Worked example: testing the effectiveness of different
stretching methods

The aim here was to measure the effectiveness of PNF (proprioceptive neuromuscular
facilitation) stretching versus static stretching. The subjects were participants in
exercise classes at a local gym. Participants booked classes in advance, and so there
was no variation in attendance over the one-month duration of the experiment.
Participants’ flexibility was measured beforehand using the following indirect
flexibility tests:

e Sit and reach test;
e Calf muscle flexibility test;
e Shoulder flexibility test.

Twenty participants at morning classes used PNF stretches in warm-up and cool-down.
Twenty participants at afternoon classes used the same static stretches which were
normally used in class. After one month, flexibility was measured again using the same
tests. On average, participants who had used PNF stretches showed a 2.5% greater
increase in flexibility in the sit and reach test over those who used static stretches, a
1.7% greater increase in the calf muscle flexibility test, and 0.9% in the shoulder
flexibility test.

Before reading on, stop to think about this study design. It’s unlikely that the
average reader of this book will ever have thought about evaluating the effectiveness of
different stretches, yet hopefully you should still be able to think of a few criticisms, or
assumptions that would need to be based on some evidence before you could accept
them and move on.

Valid criticisms

Small sample size.

No control over participants’ exercise activities outside classes.

Differing levels of innate flexibility between males and females.

Differing levels of innate flexibility across age groups.

Possible existence of chronic sports injuries which might affect flexibility.

Can you think of any others? This isnt an exhaustive list, and you may know enough
about the topic to spot problems we haven’t thought of.
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Writing critically

Descriptive vs analytical writing

Part of sounding like a scientist is understanding the differences between descriptive
and analytical writing. We've discussed the importance of critical analysis. The next
stage in that process is to write analytically. This is how you will demonstrate to your
tutor that you are thinking like a scientist and asking the right kind of questions.

It's important to note here that descriptive writing is also important in its own right.
If you have to describe a process, or outline a situation, or detail observations, then you
are going to use descriptive writing. You’re more likely to encounter it in specific
sections of a lab report, like the methods and materials section, or the results section.

What can lead to problems is using it when analytical writing is needed instead.
This can sometimes signal to your tutor that you aren’t critically engaging with work
and ideas, and that you're only superficially reading and then summarizing. We want
to make sure that you understand how to convey your critical thinking through your
writing.

Let’s use one of the paragraphs from the example you’ve just read to compare and
contrast descriptive vs analytical writing. We can use the valid criticisms that were
pointed out and examine how they look when they’re integrated within the text.

Twenty participants at morning classes used PNF stretches in warm-up and cool-down. Twenty
participants in afternoon classes used the same static stretches which were normally used

in class. After one month, flexibility was measured again using the same tests. On average,
participants who had used PNF stretches showed a 2.5% greater increase in flexibility in the sit
and reach test over those who used static stretches, a 1.7% greater increase in the calf muscle
flexibility test, and 0.9% in the shoulder flexibility test.

Waugh and Butler’s 2015 study involved comparing the effectiveness of PNF (proprioceptive
neuromuscular facilitation) stretching with static stretching. They compared two groups of
twenty participants in classes at a local gym, and then tested flexibility. Participants who used PNF
stretches demonstrated an improvement in flexibility: 2.5% greater in the sit and reach test, and
1.7% greater in the calf muscle flexibility test. Shoulder flexibility was also increased by 0.9%.

Waugh and Butler’s 2015 study on the effectiveness of PNF (proprioceptive neuromuscular
facilitation) stretching vs static stretching was the first to focus on non-athletes. While it offers
insight into the benefits of PNF stretching for casual exercise, it does, however, have some
important limitations that should be noted. The sample size (20 participants) is small. Further, it
did not take into consideration differing levels of innate flexibility between males and females.
These shortcomings were addressed in their subsequent work (Waugh, Butler and Gawain, 2020).

Can you see the differences between the two student-written paragraphs?

The first paragraph provides a lot of detail, but it doesn’t really tell us anything new,
or offer any kind of insight or evaluation. It's really just a rewriting of the original.

The second paragraph doesn’t contain the same level of detail as the first, but that's
because it's more broadly highlighting the weak points of the study. The student knows
that the details of increases in flexibility, for example, aren’t important here. They are
instead using the type of critical analysis we discussed earlier to evaluate the study and
put it in context. Simply summarizing the findings wouldn’t offer any type of analytical
value, and so they’ve chosen not to include that detail here.
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You might also notice that that descriptive paragraph runs a much higher risk of
plagiarism, even inadvertently. This is because the student is simply trying to rewrite
what was contained in the original paragraph. Again, this points to a lack of original
thinking. As we discussed in Chapter 8, Incorporating and Referencing Other People’s
Work, it can suggest to your marker that you don’t fully understand the topic.

Understanding how and when to write analytically is as important as all the other
topics within this chapter in ensuring you sound like a scientist. It might take more
practice, but you'll notice an immediate improvement in the quality of your written
work.

Dealing with conflicting information

As we've mentioned, there is a perception that a properly designed scientific
experiment will inevitably lead to ‘the truth’: a singular, reproducible outcome.
However, this is not always the case, and you will have to write about conflicting
accounts in your academic work.

There are several reasons why different authors might publish different conclusions
about the same issue.

First, look at the methods. Do they differ in a small but perhaps crucial way? If so,
ask yourself why they might have done things differently. There may be no reason
except that they simply have different ways of working in their labs and they
understandably wish to stick with those individual ways, so that they can compare
tomorrow’s results with the ones they gathered in that lab today, or last week, or last
year. If there is a reason you can spot, mentioning this at the appropriate point in your
academic writing will help your reader understand the science you are explaining, and
will also show your marker that you are capable of critical thinking.

The most common way for students to address such discrepancies is to conclude
their assignment by confidently recommending that ‘further work must be done’! This
is probably true, but you can easily be more sophisticated than this.

Can you identify the type of work to be done? Would a larger sample size help the
statistical interpretation of the results? Would a better control be useful? If you've
identified the difference in the papers that led to different results, can you explain
exactly how the two designs could be adjusted to be compatible? The more specific
you can be, the better your analysis will read.

Hierarchies of evidence

In Chapter 7, we discussed evaluation of different sources. We told you to pay attention
to the recency of your information, and the expertise of the person who provided it, and
we described the peer-review system. In Chapter 9, we looked at the principles of data
presentation. You might have checked off all of these concerns and satisfied yourself
that your source is reputable. However, not all scientific papers are created equal.
Reports can be written about various individual stages of research, from primary lab
experiments through to finished, real-world application. Each piece of research aims to
answer a question, and the reality of scientific work is that the research might be quite
distantly removed from the real-world scenario ‘in the wild’. The more closely a piece
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of research can simulate that realistic situation, or the more closely an experimental
treatment can be delivered to the end-user (e.g. it's more instructive to test drugs on a
small group of people than on cells grown in a Petri dish), the better. However, early
research is often carried out in situations far removed from the real scenario, for a huge
number of reasons. This doesn’t mean the research is bad, but it means you need to be
aware of its strengths and its limitations.

This section will very briefly introduce you to the common essential features of
different types of scientific study and will rank them in a loose hierarchy according to
how widely their results could reasonably be applied. The tables of strengths and
weaknesses will help you think about whether a study was designed appropriately for
the situation, and whether the author’s conclusions are possible to make given the
limitations of the methodology.

Lab research (applicable to biology, chemistry, physics, physical
geography)

Experiments in a lab are able to be well-designed to include control conditions so that
only one variable is measured at a time. One major drawback is that by controlling all
but one factor, the researcher can rarely reliably reproduce the varied conditions
encountered in the wild. Table 10.2 summarizes its main strengths and weaknesses.

Lab research

Strengths Weaknesses
e Conditions can be precisely controlled ¢ Tightly controlled conditions may not
e Possible to measure the effect of only one represent reality

variable at a time

Table 10.2 Lab research — strengths and weaknesses

A food crop grown in a laboratory growth room with its constant temperature,
humidity, and light intensity is useful for measuring the impact of a new genetic
mutation on food yields, but will things be the same in the messiness of the great
outdoors? Human beings can’t be confined in rooms and told exactly how to behave
for very long, so how can we carry out investigations on people? To answer this, we
need to move on to one of the observational study types described below.

Field, animal, medical, veterinary, and other health-related research:
observational studies

The studies under this subheading are all carried out with little or no intervention by
the researcher and are thus referred to as ‘observational’ studies.

Some fieldwork in subjects such as animal behaviour and ecology may share traits of
the study types listed below in Table 10.3, though the formal naming and classification
system is usually only explicitly used in medical articles. This is simply a historical
convention, where medical researchers use these labels in their methodologies. If
you're studying a fieldwork subject, the types of critiques mentioned below each one
will still be relevant if your field observations share methodological similarities.
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Case study / case report / case series

e Written when new symptoms are found, or are found together in a new combination
® Only describe one or a very small number of individuals

Strengths

Weaknesses

e Crucial for tracking the emergence of new
diseases or identifying causes of symptoms
/ side-effects

e Contain only one, or a few, data points
e Unlikely to prove causal relationships
without further studies

Cross-sectional study

* Areport on many individuals at the same time — a ‘cross-section’ of the population

Strengths

Weaknesses

e Allows for sample sizes from tens up to tens
of thousands

e Individual variations more likely to be
averaged out

e Can be relatively cheap, especially if
questionnaire-based

e Only provides a snapshot

e Cannot follow progression of a situation

¢ Difficult to establish causal relationships

® Questionnaires rely on honesty, correct
memory, and many other factors

Case-control study

without (controls)

e Designed to identify an unknown cause of a condition
® Subjects recruited and split into two groups — those with the condition (cases) and those

e Researchers examine everyone’s history to look for something common in the history of the
case subjects that was not in the history of the controls, or vice versa

Strengths

Weaknesses

e lLarge sample size makes results more
reliable

e Case group allows the creation of a list of
possible causes

e Control group allows the creation of a list
of factors that can be discounted

¢ Difficult to definitively prove causal
relationships beyond doubt

e Retrospective nature means results are
subject to recall ability of subjects

Cohort study

outcome in a population

e Similarly to case-control study, this looks for a connection between an exposure and an

e Unlike a case-control study, the exposure and outcome are usually known. The aim is to
more fully understand how the exposure leads to the outcome by following over time

e This is the first long-term study in this list — referred to as a ‘longitudinal’ design

e Can investigate how an existing outcome has developed (‘retrospective’) or how a recent
exposure is connected with an expected outcome in the future (‘prospective’)

Strengths

Weaknesses

e lLarge sample size makes results more
reliable

* Long-term nature allows for study of many
details, increasing reliability of any causal
relationships discovered

e Retrospective versions are subject to recall
ability of subjects

* Prospective versions can cause alterations in
participant behaviour due to awareness of
being monitored

Table 10.3 Observational study types — strengths and weaknesses
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Field, animal, medical, veterinary, and other health-related research:
experimental studies

These studies allow a researcher to dictate what should or should not happen. Since
they can test a hypothesis by controlling some variables, we refer to these studies as
following an ‘experimental’ methodology rather than an observational one. Table 10.4
shows some of their strengths and weaknesses.

Randomized controlled trials (RCTs)

e ‘Trial’ means a test of a hypothesis, e.g. ‘drug X will alleviate symptoms of disease Y’

e ‘Control’ is used in the usual scientific sense: variables can be controlled (duration, intensity)
as well as controlled for (using positive and negative control conditions)

e ‘Randomized’ means subjects are assigned to a group in a random way — ensures a mix of
ages, gender, etc. and reduces experimental bias

e Usually built on previous findings; allows predictions to be made

Strengths Weaknesses

e Widely referred to as the ‘gold standard’ in e Poor or inappropriate randomization
establishing causal relationships because so much can actually add bias to the system
can be controlled by the researcher (e.g. allocating subjects to study

e Knowing exactly what is being tested means groups based on having an odd or
participants can be excluded if it’s clear they an even year of birth is not truly
would not respond in a standard way, e.g. if they random, and can lead to groupings
have a second, related condition of subjects that actually have much

e ‘Blinding’ means subjects don’t know whether in common with each other, and
their treatment should have an effect — eliminates who don’t share those commonalities
participant bias, whether conscious or not with subjects placed into other

¢ ‘Double-blinding’ means researchers working with groups)
the subjects also do not know which treatment
they are giving, eliminating researcher bias,
whether conscious or not

Table 10.4 Intervention study types — strengths and weaknesses

Applicable to all types of science: reviews, meta-analyses, and
systematic reviews

The study types described in the previous sections are examples of primary research,
where an investigation is carried out to produce results. Reviews and meta-analyses are
based on the findings published in these primary research papers.

Reviews summarize tens or hundreds of other papers for easy reading.

e Meta-analyses take the findings of primary research papers, combine them, and
produce an extra statistical analysis based on this larger dataset.

e Systematic reviews are like reviews, but the authors go through a very specific series
of steps when looking at each paper (they apply a ‘system’ for the review).

It is important for you to know that these exist, but it’s unlikely that you'll carry out any
critical analysis on publications at this level in your early years of study. As a newcomer
to scientific writing, you will probably use reviews to guide you into a new field, but we
want to keep the focus of your critical analysis first on primary research papers.
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Conclusion

Hopefully, we have convinced you that refinement of previous knowledge is
essential to the development of science. Now that you have the tools required to
perform a critical analysis, you should not be afraid to make educated suggestions
for improvement, regardless of your practical experience.

Making these types of critical judgements now will undoubtedly align with the
higher sections of your university’s grading scheme and lead to better marks in
your assignments, but it will also prepare you for when you eventually have to read
the scientific literature, decide what you want to find out, and design appropriate
experiments to tackle those questions yourself.

Now that we’ve tackled all aspects of the linked processes of reading and
analysis, and you've carried out your reading and taken all the necessary notes, the
next section of the book will deal with beginning to write your first draft.
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Producing a Draft and Building
Your Argument

Top 3 staff comments on structure:

» Students often don’t stop to consider whether their answers are sensible.

» I’'m not sure what conclusion the student came to after describing all these pieces of
information.

» Paragraphing is often erratic.

Top 3 student comments on structure:

» It's hard to know where to begin with it. | write what | know first and the structure sort of
develops from that.

» | don’t understand how to get my writing to flow.

» | don’t have time to think about structure before | write.

Getting ready to write

You've selected your question and deconstructed it, looking for command words and
limiting factors. You’ve searched the library for resources. You've decided which
resources are most relevant, and you've analysed them. You've taken all the notes you
need. You've considered how your work relates to the wider literature. The good news
is that you have already made a substantial start on writing, since the mental process of
writing is, by this point, well underway. This chapter will take this further, into the
production of your first draft.

From our experience, we’ve found that science students sometimes lack confidence
in their writing abilities. This is often because writing was part of subjects that they
didn’t enjoy at school. Consequently, this made them find writing boring or difficult.
This can sometimes leave students with the impression that they are ‘bad’ at writing.

It might surprise you to learn that, having worked with students from all disciplines,
our experience is that science students’ writing skills are on a par with their fellow
students in the arts and social sciences. In fact, they’re usually slightly better. Based on
this, we’d like to ask you to set aside any residual anxieties you have over writing, and
consider university writing as an entirely new skill set.

As well as asking you to start your time at university fresh in terms of your attitude
towards writing, and your beliefs about your skills as a writer, we’d also like to suggest
that you adopt a new way of writing which will help you to avoid many of the
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common pitfalls first-year students encounter. This method will also help you to
develop a relaxed, personalized writing method and enable you to become
comfortable with writing, and to feel confident in your work.

Drafting

You've probably had teachers advise you in the past to produce several drafts of written
work. This often isn’t very popular advice. Producing several drafts sounds time-
consuming and laborious. Instead, many students prefer the idea of writing one draft,
your best effort, which is then edited repeatedly.

This sounds like it will save you time and work, but it will ultimately cost you more
time and stress. Trying to make everything perfect first time leads to hours spent
revising one section, one paragraph, one sentence. This eats into your study timetable,
creating anxiety about the deadline.

Although you might think that your tutors produce effortlessly fantastic first drafts,
this is rarely the case. First drafts look messy, and nothing like their final version. In fact,
your tutors’ first drafts will look a lot like yours. There might be missing words, or lack
of precision in word choice. There might be a lot of repetition. The structure itself can
look untidy, leaping between ideas without links, with some paragraphs too long, and
others too short. There might be gaps where they have to check facts. Often, after
reading the first draft, it becomes apparent that it begins by saying one thing, and
ends by saying another, or that the central question hasn’t been addressed as fully or
directly as it ought to have been.

There’s a good reason for this disorganization. The first draft we produce is not
really about communicating our ideas to a reader.

Instead, it's where we work out our thoughts on paper. It's like showing your
working for a calculation, with all the mistakes and false starts on the page. It's not
really about explaining your ideas to someone else so much as it’s about getting your
own ideas straight, and figuring out what you do know, and what you don‘t know. In
composition studies, the production of this type of draft is described as ‘writing as a
way of knowing’ (McCrimmon, 1984).

The first few drafts, then, serve an important purpose. They’re part of the learning
process as much as note-taking. Writing drafts improves your understanding of the
topic, allowing you to think carefully about how ideas are connected, and to pick up
on any weak points in your understanding. This improved understanding results in a
focused and comprehensive piece of work.

However, students still avoid redrafting, and stress themselves by treating this first
draft as the draft, the one that their tutor marks, and which will affect their grade. This
is an incredibly difficult and time-consuming task for them to set themselves, no matter
their level of writing ability. They are taking an early draft, which is really about the
writer figuring out their thoughts, and trying to edit it to make it do a completely
different job: communicating information to the reader.

You will produce better work more efficiently, and make writing a less stressful
experience, if you adopt redrafting as part of your writing process, and if you take on
board the idea of two completely separate species of draft: a process draft, and a
product draft (Murray, 1972).
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Process and product drafts

Have a look at the table below.

Process draft Product draft
Record of thinking Presentation of ideas
Disorganized Well-structured
Writer-focused Reader-focused
Missing or ‘wrong’ words Precise word choice
Repetitive Concise

Uncertain Confident

‘Gappy’ Comprehensive
Thinking Telling

Table 11.1 Process vs product draft

The first drafts you write are process drafts. They are a record of your
understanding and thinking, not the finished product to be submitted for
assessment. Because you know that this draft isn‘t going to be submitted, you
won’t agonize over details, which is what slows the writing process down. You can
expect your writing at this point to look a lot like the draft described on the left
side of the table.

Once you begin to allow yourself to think about the first draft as a process draft, a
draft that gives you a space to sort out your ideas without being worried about being
graded, you're less likely to feel stressed about it looking disorganized, which in turn
makes it easier to write. It’s okay for a process draft to look untidy, because it’s for your
eyes only, and you can restructure things later. It can contain grammatical errors,
because you can correct these later. The process draft might reveal gaps in your
knowledge, which mean that you have to do some extra revision, but this is helpful,
and part of the ‘process’ of the process draft.

The product draft benefits from all the hard work of the process drafts. After writing
the process drafts, you should be left with a clear idea of exactly what you want to
communicate to your reader, the best structure for doing that, and exactly which
pieces of information you want to present. In the product draft, your mind is then free
to focus on your reader, thinking about the best way to clearly communicate your
work.

Look at these example paragraphs. One is from a process draft, the other from a
product draft in progress. The notes in bold give early indications of how the writer
might want to redraft and alter their approach for the product draft.

Now that you have an understanding of these different types of draft, and how they
work, we'll look in more detail at how you actually go about making them part of your
writing process. Before that, though, let’s think a little more about how you write in
general.
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Process paragraph

(Need introductory sentence?) Neurons are each made up of a soma, an axon,
and dendrites (Bear et al., 2016). There are lots of neurons that do specific jobs:
sensory neurons, interneurons, and (check this). They have different structures
(check proper word for this): bipolar, multi-polar, and pseudo-unipolar. Neurons
send and process information via chemical and electrical signalling. This is known
as neurotransmission, which is enabled by ion channels which allow charged ions
to flow (transmit?) across the cell membrane. Post synaptic neurons play a role
(does this fit here? Needs more explanation).

(Adapted from Bear et al., 2016)

Box 11.1 Sample process paragraph

Product draft

(Introductory sentence added) Neurons are the main component of the central
nervous system (Bear et al., 2016). They are each composed of a soma, an axon,
and dendrites. There are specialized types (language now more formal) of
neurons that do specific jobs: sensory neurons, interneurons, and motor neurons.
They can also be subdivided by morphology (found the proper term for this):
bipolar, multi-polar, and pseudo-unipolar. Neurons send and process information
via chemical and electrical signalling. This is known as neurotransmission, which is
enabled by ion channels which allow charged ions to flow (rephrased to make
this clearer) across the cell membrane.

(Adapted from Bear et al., 2016)

Box 11.2 Sample product paragraph

Developing your own writing practice: when, where, and for
how long?

Time management is an important part of dealing with academic life. Now you have
an understanding of how redrafting will actually save you time, we can look at using
that writing time even more effectively. One of the methods discussed later in this
chapter will help you get a clear picture of how much time you need to set aside for
writing, but it’s equally important to think about how to make the writing process
comfortable and productive. This is an opportunity to figure out what works for you.

How long?

First of all, let’s look at the length of time you spend writing. Try setting aside a couple
of hours to devote yourself to the task. Pay attention to how productive you are during
this time. Pay attention to how much time you spend actually concentrating on your
task. Did this approach work for you? Did you find that setting aside a long period of
time helped you to focus or did your attention wander frequently, meaning that you
spent much less time writing than you set aside? There’s no right or wrong answer.
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If setting aside hours at a time didn’t work for you, then you might find that you
work better in short bursts. Working in 10 or 15-minute blocks throughout the day can
be an effective way to get a surprising amount of writing done. Don't think that you
have to sit in the library for hours on end if this approach simply doesn’t work for you,
and don’t feel guilty if this is the case. Instead, make the most of the time between
classes, or spent commuting. This approach might also be effective if you have other
commitments which make it difficult for you to set aside several hours at a time, such
as family or caring commitments, or part-time work. To help you use your time more
effectively across the board, which will have an impact on writing time, you should
look at Palgrave’s pocket guide on time management (Williams and Reid, 2011).

When?

Time of day can be important, and is very individual. Some people prefer to work in
the mornings, finding it difficult to motivate themselves in the afternoons. Others like
to get up early, and get their writing done before the day’s routine begins. Auden
wrote in long blocks from 6.00 am to 12 noon, and then all afternoon until 6.00 pm.
Darwin tended to write in short bursts at 7.00 am, then at mid-morning, and then
wrote from 9.00 pm until around midnight. I’'m writing this at 11.30 pm, because | like
to write late at night. As long as you can make it work practically within your timetable,
try to take advantage of the times of day when you are most productive.

Where?

Think about your surroundings. Where do you find it comfortable to work? Do you find
it motivating to work in the library, with lots of other students around? Or do you find
that distracting, and prefer to work alone at home? Do you need silence, or do you like
to listen to music? There’s no right or wrong answer here; everyone works differently.
There’s even variation within each of these choices. For example, some people might
like listening to music, but find that music with lyrics is distracting when they’re trying
to write. Others might listen to the same song repeatedly (one student once told me
he listened to the same song on repeat for four hours while writing a chapter of his
PhD). Again, it’s about finding whatever helps you concentrate and makes you more
productive.

Managing the task

If you’ve identified the time and location that works for you, but you're still finding it
difficult to start, then think about breaking the task down into manageable chunks.
Which part of the assignment do you feel ready to tackle first? You do not necessarily
have to write in order. If you would prefer to write your methods section first, as many
people do, then you should feel free to do so. Sometimes just seeing words on the
page can get you past that initial hurdle and motivate you to keep going.

Rowena Murray talks about two different ways of approaching writing: ‘binge’
writing, and ‘snack’ writing (Murray, 2011). While binge writing involves working for
long periods of time, snack writing involves working in short bursts with a clearly
defined goal:

1 Set aside a specific length of time for your writing session (20 minutes, for example).
2 Define your goal — ‘I want to write a first draft of my methods section.’
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3 Try to write without stopping, or going back to check what you’ve written.
4 Make sure you stop at the time limit.
5 Try and repeat regularly, establishing a writing habit.

This technique has the following advantages:

Breaking your time down into blocks makes your task more manageable.

e Recording your progress lets you see that you are moving forward, and motivates
you to do more.

e Taking regular breaks will help you stay rested and focused.

e Importantly, keeping track of your word count will give you a realistic idea of
how much you can write in a given length of time. This will allow you to set
targets in order to meet deadlines, and allow you to manage your time more
effectively.

If you want to benefit even more from this approach, then try reflecting on how each
block felt, as well as what you achieved. Did your attention wander at any point? Did
your progress stall? Ask yourself why. Could it be that there’s a concept that you're
unsure about, and which requires extra revision? Are you working somewhere
distracting? Is late afternoon an unproductive time for you? These are valuable
observations that you can use and address in order to get past roadblocks in your
current assignment and strengthen your work.

You can also use these observations to improve your writing in the long term.
Knowing, for example, that you are a more productive writer when you work in the
afternoon will help you manage your time more effectively by allowing you to set aside
the best time to write. Try to build up a picture of the environment and style that lets
you approach writing in a calm and relaxed way, and create this whenever when you
have work to do.

Writing your process draft

Now that you’ve had some time to think about your writing habits, and how an
awareness of them will make writing more productive, let’s look in more detail at the
process and product drafts we outlined earlier.

The process draft, as has been discussed, is a free space for you to write without
worrying about someone else reading it. As such, it is difficult to give an example of
how it ‘should’ look, as it will look different for everyone. However, these instructions
will give you a sense of how this type of draft works, and let you get started. As you get
more used to writing this way, you can make your own tweaks and refinements to the
method.

Process draft guidelines

1 Make sure you've got the question written down.

2 You can work from a plan if you choose. This might be a more detailed plan with
headings that you can write beneath, or something looser. Alternatively, you might
simply want to start writing down information relating to the question.

3 Don’t worry if there are gaps in knowledge, or you can’t find exactly the right word
to describe something: remember, no one but you will see this version. Move on to
the next sentence, or the next paragraph, if you prefer.
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If you are writing the first process draft:

1 Resist the urge to go back and make small changes to sentences and paragraphs as
you write. You can do that in the redrafting stages. For the initial draft, aim to get
words on the page. Editing as you write will slow you down enormously.

2 If, when writing, you discover that there’s a gap in your knowledge, note this, but
move past it and write the next stage. The gap can be addressed later when you
redraft.

3 If English is your second language, and you need to write a word in your first
language, this is fine. You can check for an appropriate translation later.

4 If you've chosen to work from a plan, don’t panic if you start to deviate from this.
The need to deviate might point to the need to rethink your initial structure.

5 If you're finding it difficult to stop yourself tinkering with what you’ve written, then
set yourself a time limit. Knowing that you only have 20 minutes to write will make
you reluctant to go back and change things as you write.

Once you have produced your first process draft, read it carefully. Translating your
ideas and knowledge from your mind to the page often helps you get a better grasp of
your work, and what you want to say.

1 Look for any gaps. Do you need to do some more reading?

2 Look for repetition. Does the same information appear in different paragraphs? This
might point to a structural issue.

3 Look for the parts where you had difficulty describing a process, or had difficulty
discussing how ideas related to each other. Trying to choose the right descriptive
words can sometimes help us more fully understand concepts and processes, or
reveal where we need to reinforce our understanding.

4 Are there parts where the structure broke down? If you’re writing an essay, that
might mean a new structure that better reflects your approach to the question
might be appropriate. If you're writing a report, then make sure you understand
what kind of information needs to go in each section.

Don’t feel that this means your initial research was unsuccessful. On the contrary, this
means that your process draft was successful. Writing is a recursive process — which
means that you can go back and repeat stages. You choose a question, conduct
research, take notes, make a plan, produce a number of drafts, and then produce a
final draft. However, you can — at any stage — go back and repeat a stage in this
process. This will only strengthen your understanding and improve the quality of the
end product.

After redrafting, when you have a better grasp of what you want to say, you can
begin to write with an eye to the next stage: the product draft.

Writing your product draft

Sadly, you can’t simply transfer your knowledge and ideas wholesale from your brain to
your reader’s brain. Instead, you have to communicate this through writing. Since
reading is an act of interpretation, this presents difficulties. If the process draft is about
you, the writer, getting to grips with your ideas, then the product draft is all about
ensuring that you communicate these ideas to your reader. The key question to ask
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yourself is: how can | make my reader’s life as easy as possible? To do this, you have to
shift your thinking from a writer’s mindset to a reader’s mindset. Which structure is
easiest to follow? Which sentence structure is clearest? Which word precisely
summarizes this process?

We'll go into how to achieve this in more detail later, looking at structure,
punctuation, and tone, but the main ideas to take on board just now are as follows:

Product draft guidelines
Content

Your work should respond to the question in a thorough and detailed way. No matter
whether you are working on an essay, report, or dissertation, ask yourself the following
questions:

1 Does the reader have all the information they need in order to follow your work?

2 Have you defined important pieces of terminology?

3 Have you placed your work in a wider context (referred to appropriate literature)?

4 Are there any details/facts/theories that you are still unclear on? If you don’t
understand them, then you won’t be able to communicate them clearly or
convincingly to your reader.

5 s everything relevant to the question? Additional information might seem
interesting, but it can obscure your structure, and make your work seem cluttered. It
can also imply that you were unable to identify the information that was most
appropriate in order to answer the set question.

Structure

Clear structure is important at every level of your writing. Ask yourself the following
questions:

1 If you are writing a lab report, then you need to ensure that each section contains
the appropriate information, and that it doesn’t wander from one section to
another. If you are unclear on what should be contained in each section, then reread
Chapter 4. There will also be a checklist on this later in this chapter.

2 Within each section, every paragraph should be clearly structured. Each should deal
with one key point. You should be able to summarize the paragraph’s purpose in
one sentence.

3 There should also be a logical progression within each paragraph, whether you're
describing a process, or you're leading your reader through a point in your
discussion, or you're building a detailed description. Disparate pieces of information
tacked together do not make a paragraph.

4 Within your paragraphs, sentence structure is important. Clear, concise sentences
are the most effective way to convey information. This is the case even when the
information is very complex and detailed. In fact, it is especially important when
conveying difficult information to make sure that your reader isn‘t distracted by
overly long and complicated sentence structure. Think about how much information
the reader can take in. Don't pile important concepts and observations on top of
each other in long sentences. Not only will you fatigue the reader, but your ideas
will not get the attention they deserve.
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Tone

Lapses in tone are jarring, and distract the reader from your content. They can also
damage your credibility. Academic writing is a demonstration of your ability to write
like a professional in your field. Informal language can make it appear as if your
understanding of the content is flawed, or simplistic.

1 Use of subjective language, even if it is inadvertent, can make the reader question
your argument.

2 Look out for colloquialisms.

3 Try to ensure that you write in the passive voice.

4 Aim for precision (being specific) and accuracy (being correct) in word choice.
Vagueness or incorrect word choice damages the overall tone of your work.

The ability to communicate yourself in writing is a vital skill in your undergraduate
science degree. It will continue to be important in the workplace, and if you go on to
postgraduate study and research, it will become even more important. As such, it
should be something that you feel confident about. We want to encourage you to take
ownership of the writing process through the techniques we discussed above.
Personalize it. Realize that the redrafting process gives you control over your writing.
See yourself as a writer.

Refining your structure and clarifying your argument

When writing your product drafts, it’s crucial to consider how your writing can best be
structured in order to enable you to communicate clearly with your reader. This
requires an understanding of how to build and sustain strong structure within a piece
of written work. We will look now at different methods of paragraph building,
suggesting which might be especially suitable for certain purposes. We'll also
demonstrate here how to maintain flow and coherence through the use of signposting.

It is important to be fully aware, and understand the purpose, of the structural
conventions of the work you have been assigned, whether it is a report, essay, or
dissertation. We discussed, in Chapters 2, 3 and 4, how and why each of these types of
assignment differ in their structures. We also talked about what you need to understand
about their structures in order to write successfully in any of these formats, and how
the response that is expected of you helps to define your structure. If you are still
uncertain about this, then you should reread either Chapter 2, 3 or 4 (depending on
which assignment type you have been set) before proceeding.

However, as well as format-specific guidelines, there are also structural techniques
which can be used across all of these assignment types in order to help to facilitate a
logical flow in your writing. A knowledge of these techniques will give you the power
to create strong, coherent pieces of work which effectively showcase your knowledge
and understanding. We'll look at how to achieve this by examining a range of
paragraphing techniques, and suggesting different strategies that will ensure you
maintain a flow throughout the whole piece of work.

As mentioned, earlier chapters which dealt with analysing the question, gathering
the necessary resources, and reading critically, demonstrated to you how a plan for
structure should evolve naturally from your research. This early plan is the plan that you
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should have in mind and keep by your side as a guide when you write your initial
process draft. However, you shouldn’t allow adherence to it to slow down your writing.
If, as you are writing, you find that things start to flow in a different direction, and you
begin to deviate from your plan, you should allow this to happen. This could mean
that you have opened up a new avenue of enquiry, or that your initial plan perhaps
needs revision. This is a positive thing, and the whole purpose of carrying out the
process draft.

This might happen a few more times as you write your process drafts. It's a good
example of the idea of ‘writing as knowing’, the act of writing as a means of sorting
your thoughts out on the page. This is why it's important that you take the time to
produce multiple drafts. Your final product will be much stronger after you have
investigated every avenue of your thinking, and figured out which ideas are strong, and
deserve to be emphasized, and which are irrelevant, and can be safely excised. Once
you have produced a draft that represents your thoughts on the topic, and you know
exactly what you want to communicate to your reader, then it’s time to think about the
best ways to structure the work to make sure your reader can fully follow your points.

Paragraphing
First of all, let’s think about paragraphs, and what they actually do.

Most students, at every level from first year to postgraduate researcher, home and
international, have asked us both exactly the same question about paragraphs: how
long should a paragraph be? This question comes from not really understanding what
a paragraph is for. The simplest definition of a paragraph is that it is a section of text
which looks at one point within your wider discussion. As such, there is no set answer
to this question, although very long or very short paragraphs might point to wider
structural issues, which will be discussed later in the chapter. Instead, it is more
productive to think about what role a paragraph plays in your written work.

Basic principles

No matter the particular type of paragraph that is being written, no matter the
discipline, to do its job effectively, every paragraph has to be focused, coherent, and
fully developed.

Focused

A paragraph should cover one main point.

Coherent

A paragraph should have some sort of ‘flow’ throughout. It should not read as a
random chunk of information.

Fully developed

It's important that ideas and concepts discussed in paragraphs are fully explained and
backed up with evidence when appropriate. It's easy to forget to do this, especially if
the writer thinks that the data is so obvious that no explanation is required, or that a
statement does not require explanation.

In the next section, we’ll look at the most common paragraph problems that we
tend to see in students’ writing, why these happen, and how to avoid them.
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Common paragraph problems
The point you have chosen to cover is too broad for one paragraph

If this happens, you will find that although your paragraph technically deals with one
main point, it still lacks unity, because there are too many subsidiary ideas that can be
explored under the umbrella topic. On top of that, these subsidiary ideas are unlikely to
be fully developed, because they‘re all fighting for attention within one paragraph.
Structurally, the paragraph will also start to look untidy, because you are trying to deal
with too many ideas at once, and there are threads of discussion spiralling off in
different directions. As a whole, the paragraph is likely to be very long, have a jumbled
structure, and exhibit a lack of properly developed ideas.

Attempting to understand how the brain deals with music is complex. The frontal
areas of the brain seem to be involved when music elicits an emotional response
(Warren, 2008). The brains of musicians and non-musicians seem to deal with
musical input differently. Parts of the brain which deal with issues such as motor
tasks seem to exhibit structural changes. There are similarities in how the brain
deals with music and how it deals with language. For example, Broca's area is
implicated in both. Rhythm and tonality both involve complex processes crossing
several different structures. When the rhythm is particularly complex, even more
parts of the brain become involved, such as the cerebellum. Damage to the
amygdala can affect the emotional perception of music, according to a study
carried out by Gosselin, Peretz, Johnsen and Adolphs in 2007. Brain damage can
impact on musical ability, depending on the part of the brain which is affected, and
the role it performs in terms of musical ability.

(Adapted from Warren, 2008)

Box 11.3 Paragraph with too many controlling ideas

It’s not easy to follow, is it? It's unpleasant to read because of the burden that is
being placed upon the reader, with far too many large ideas to deal with at once. You
will also notice that while there are some connections drawn between ideas (damage
to the amygdala and generalized damage), the writer flits distractedly from one idea to
the next as it occurs to them.

This type of paragraph can be especially frustrating for a marker to encounter. In
Part One: Understanding Different Types of Scientific Writing, we discussed the various
reasons why markers set specific types of assignments and questions. In this kind of
paragraph, your marker can see that you broadly understand the topic and all its
implications, but because you’ve crammed so much information into one section, you
have only given yourself enough space to touch on each issue. As such, they can’t get a
full sense of the depth of your understanding and analysis, and can only grade and
assess you on what you've offered, which is truncated and jumbled.

The solution

Look carefully at the topic sentence. Would it be possible to break this down into
smaller points? If you find this difficult, then look at the subsidiary ideas fighting for
attention in the body of the paragraph. Would these three or four smaller points
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actually be better as paragraphs in their own right? There will still be a broader sense of
coherence in your essay/report, because all these points are connected, but now each
will have space to be properly expanded and developed. As such, your marker will now
also be able to get an idea of the depth of your understanding.

In the example here, the obvious solution is to abandon the very broad, and to then
look and see whether the ideas raised in the paragraph could be grouped into
conceptual categories. So, from that paragraph, you might be able to create the
following paragraph plan:

Structures involved in processing music

4

Musicians vs non-musicians — structural differences
4

How damage can impact musical ability
4

Specific case study — the amygdala.

Box 11.4 Example of a basic paragraph plan

Now, from one overly long and confusing paragraph, you have created a four-
paragraph plan which your marker will be able to follow and, within which, you will be
much better able to expand and add detail to your discussion, thus demonstrating
your knowledge and understanding through your writing.

The point you have chosen to cover is too narrow

If this happens, you might find that your essay/report/dissertation contains lots of very
short paragraphs. The paragraph is unified, and coherent in itself, but it needs to be set
in a broader context in order to be meaningful and relate to the main question. When
we encounter this in students’ writing, what we often see is a pattern throughout the
whole work of a complete paragraph, followed by a much smaller paragraph which
seems to have been cut adrift.

One of the reasons that smell, memory, and emotion seem to be connected has to
do with the structure of the brain (Wilson and Stevenson, 2003). The amygdala,
which is involved in processing memories to do with emotions such as fear and
anger, plays an important role. It is located close to the primary olfactory complex,
which deals with olfaction. The amygdala has direct connections to the
hippocampus, which deals with short and long-term memory. It can be seen to be
important, for survival reasons, that mammals develop and store memories to do
with fear and anger. The primary olfactory complex, amygdala, and hippocampus
are all part of the limbic system, although the concept of the limbic system is
contested by some neuroscientists (Heimer et al., 2007).

(Adapted from Wilson and Stevenson, 2003; Heimer et al., 2007)

Box 11.5 Example of incomplete paragraph
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Can you see how that very small paragraph should actually be reabsorbed by the
main paragraph? The writer has perhaps felt that this piece of information was too
much of a departure from the rest of the paragraph. However, it’s not really enough to
stand as a paragraph on its own. Besides, the information that the olfactory complex,
hippocampus, and amygdala are all part of something known as the limbic system
would seem to be important background information for this paragraph.

This type of paragraph will disrupt the structure of your work. Each point might be
well-developed, but lots of small, disconnected paragraphs will ultimately have an
impact on the overall coherence and structural tightness of the essay / report /
dissertation, making it seem ‘choppy’ and awkward to read. The fact that there are
several smaller points disconnected from their wider context might lead your marker to
conclude that you don’t understand how to contextualize and synthesize this
information, and thus give them an inaccurate picture of your abilities.

The way to correct this issue is to think carefully about how the information can be
reabsorbed into the main paragraph, and then restructured. Consider the following
redraft:

One of the reasons that smell, memory, and emotion seem to be connected has to
do with the structure of the brain (Wilson and Stevenson, 2003). The amygdala,
olfactory complex, and hippocampus are all part of a larger structure known as the
limbic system. The amygdala, which is involved in processing memories to do with
emotions such as fear and anger, plays an important role. It is located close to the
primary olfactory complex, which deals with olfaction. The amygdala has direct
connections to the hippocampus, which deals with short and long-term memory. It
can be seen to be important, for survival reasons, that mammals develop and store
memories to do with fear and anger. However, the idea that only one specific part
of the brain, the limbic system, deals with these emotions has been contested by
some neuroscientists (Heimer et al., 2007)

(Adapted from Wilson and Stevenson, 2003; Heimer et al., 2007)

Box 11.6 How to correct disconnected paragraph structure

Can you see how this corrects the structural problem of the disconnected mini-
paragraph? Not only has it been absorbed into the larger paragraph, solving the
immediate structural problem, but the main paragraph has been strengthened by
gaining a sentence which provides a wider context, and later offers a potential link to a
new paragraph, giving a sense of structural coherence.

Paragraphing methods

There are several models of paragraphs that you can use to help you express yourself
effectively. The ones we'll present here are the ones that we think might be most useful
to you in your written work. This isn’t to suggest that you will, from now on, decide on
which type of paragraph you want to use, and then write according to that exact
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model. However, if you are having difficulty getting started, or have a draft full of
untidy paragraphs, then using these templates can, respectively, help you to either
begin writing by building paragraphs block by block, or give you a sense of where your
paragraphs have gone off course.

Building a paragraph by argument

This type of paragraph contains the following elements:

Topic sentence

What are you going to talk about in this paragraph? Clearly state
this here. The reader should know exactly what to expect. The
topic sentence should also link back to the main question in some
way in order for the paragraph to be relevant.

Elaborating sentence

This should refine or elaborate on the general topic. What precise
aspect of this topic are you going to talk about?

Data or evidence

Offer the reader data / evidence that you will discuss / explain.

Explanation / discussion /
statement

Provide the explanation / discussion that the data requires.

Topic sentence 2 /
conclusion / link

Conclude the paragraph. You should also remind the reader why
the point you made is relevant to your essay / report question. You
should have a sense of how the next paragraph relates to this one,
and provide a link, or at least make the progression obvious.

Box 11.7 Detailed breakdown of paragraph structure

Here’s a worked example, with each element clearly defined:

Topic Sentence — Students in the sciences have a variety of options open to them
after they complete their undergraduate studies.

Elaborating Sentence — Many of these students choose to go on to study

postgraduate degrees.

Data / Evidence — In 2015, approximately 5000 completed a leavers’ survey. Of
those students, 45% stated that they would be looking to apply for further study,
with 34% opting to leave academia, and the remainder undecided.

Discussion — From this, we can see that postgraduate study is clearly the favoured
option of the majority of students, much more so than going out into the wider

workplace.

Topic Sentence 2 / Conclusion / Link — But precisely which subjects do students
go on to study at master’s and PhD level?
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Can you see how each sentence fits into the model to construct a coherent paragraph?
You can also see what happens if you remove some of the components.

Many of these students choose to go on to study postgraduate degrees. In 2015,
approximately 5000 completed a leavers’ survey. Of those students, 45% stated
that they would be looking to apply for further study, with 34% opting to leave
academia, and the remainder undecided. From this, we can see that postgraduate
study is clearly the favoured option of the majority of students, much more so than
going out into the wider workplace. But precisely which subjects do students go on
to study at master’s and PhD level?

Box 11.8 Paragraph missing a topic sentence

When the paragraph lacks a topic sentence, then the reader does not always have
the context required to fully understand the paragraph, or a sense of how it relates to
the wider piece of work. Instead, the reader is thrown into the detail of the paragraph,
without fully understanding why it is relevant. As you can see in this instance, omitting
the topic sentence is particularly confusing, because it means that the rest of the
paragraph talks generally about students, without the defining information in the topic
sentence — science students.

Students in the sciences have a variety of options open to them after they complete
their undergraduate studies. Many of these students choose to go on to study
postgraduate degrees. From this, we can see that postgraduate study is clearly the
favoured option of the majority of students, much more so than going out into the
wider workplace. But precisely which subjects do students go on to study at
master’s and PhD level?

Box 11.9 Paragraph missing data / evidence

Now we don’t have any evidence or data. Without this, we are forced to place
complete trust in the writer’s statement. On top of that, without the figures, we cannot
analyse the data ourselves. The paragraph now appears weak and underdeveloped.

A marker would have very good reason to single it out for criticism.

Students in the sciences have a variety of options open to them after they complete
their undergraduate studies. Many of these students choose to go on to study
postgraduate degrees. In 2015, approximately 5000 completed a leavers’ survey.
Of those students, 45% stated that they would be looking to apply for further
study, with 34% opting to leave academia, and the remainder undecided. From
this, we can see that postgraduate study is clearly the favoured option of the
majority of students, much more so than going out into the wider workplace.

Box 11.10 Paragraph missing concluding / linking sentence
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Now we have no link to the next paragraph. The paragraph stands on its own well
enough, but without a link to the next paragraph, we lose a sense of how the essay
might proceed. Also, without summarizing the main point of the paragraphs, the sense
of unity isnt quite so explicit.

Students in the sciences have a variety of options open to them after they complete
their undergraduate studies. Many of these students choose to go on to study
postgraduate degrees. In 2015, approximately 5000 completed a leavers’ survey.
Of those students, 45% stated that they would be looking to apply for further
study, with 34% opting to leave academia, and the remainder undecided. But
precisely which subjects do students go on to study at master’s and PhD level?

Box 11.11 Paragraph missing interpretation of data

Without the sentence to summarize or interpret the evidence / data, the reader is
left to draw conclusions on their own. That might not be too much of a problem in this
paragraph, where the evidence offered is simple, and easy to interpret. However, in a
paragraph where the data is complex and/or ambiguous, leaving your reader to draw
their own conclusions without your input is risky, and might lead to misinterpretation.
They may also think that you do not know how to analyse and discuss the material
you've presented.

Building a paragraph by argument is a useful technique, and you can see, by
removing individual parts, how robust the paragraph is when all parts are present.

Building a paragraph by detail

In this model, the paragraph is built through the accumulation of detail.

The hippocampus is located in the medial temporal lobe of the brain, at the edge
of the cerebral cortex (Watson et al., 2010). It can be further subdivided into the
cornu ammonis and dentate gyrus. In turn, the dentate gyrus can be further broken
down to the hilus and fascia dentata. It is often described as being shaped like a
seahorse, hence the name — hippocampus — from the Greek hippos + kampos.

(Adapted from Watson et al., 2010)

Box 11.12 Paragraph by detail

In terms of the general guidelines we discussed, the paragraph is unified through its
description of one object. It is coherent in that it gradually builds a more detailed
picture. It is fully developed in that it provides all the detail that the reader needs to
know at this point.

Which details you choose to include, and which can be omitted, depend on what
you are describing, and the depth you wish to go to in your description. This is an easy
place to end up providing too much information, so keep things succinct. Make sure
the description you provide is relevant to the overall purpose of your assignment.
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Building a paragraph by process

Building a paragraph by process is a particularly valuable technique for science
students, who often have to describe processes.

Essay question — Describe the key roles serotonin plays in the body

Serotonin (5-hydroxytryptamine) is a neurotransmitter. It plays a role in regulating
the appetite (Bear et al., 2016). While dopamine is released in order to stimulate
appetite, serotonin is released later, when food is being consumed. This activates
the 5-HT2C receptor on cells that make dopamine, which has the consequence of
preventing more dopamine from being released. This means that serotonin stops
the appetite. This is only one role serotonin plays in the nervous system.

(Adapted from Bear et al., 2016)
Box 11.13 Paragraph by process

There’s a topic sentence that describes the unifying idea of the paragraph. There's
also a concluding sentence which revisits the topic sentence and offers a possible link
to the next paragraph (discussing another role that serotonin plays in the nervous
system). The body of the paragraph is taken up with a description of the process by
which serotonin inhibits appetite.

When writing a paragraph by process, think about the following:

e Consider whether the process is of an appropriate size to be the subject of one
paragraph.

e Consider whether the process is too lengthy or detailed. If it is, then it might be too
much for one paragraph to talk about in its entirety.

e Make sure you progress logically through the stages of the process, without leaving
any gaps which might confuse your reader.

Building a paragraph by comparison and contrast

As you would expect, this is an especially useful paragraph model to use if you want to
look at the relationship between two items, concepts, or processes, and draw out the
similarities between them. Here’s an example of what this kind of paragraph looks like
in practice. This particular paragraph focuses more on drawing similarities:

Enantiomers and diastereomers are both types of stereoisomers. They share the
same molecular formula. They also share the same type of connectivity (Fox and
Whitesell, 2004). However, while enantiomers are non-superimposable mirror
images of each other, diastereomers are not. This means that while enantiomers
share the same physical and chemical properties, diastereomers do not, and can
have different physical and chemical properties. These different properties mean
that diastereomers can be more readily purified than enantiomers.

(Adapted from Fox and Whitesell, 2004)

Box 11.14 Paragraph by comparison and contrast
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As you can see, it still follows the main guidelines for a paragraph. One central idea
is discussed. That idea is fully developed through the use of examples. The structure is
coherent. The topic sentence lets the reader know the central idea of the paragraph.
The concluding sentence refers back to the topic sentence, and offers a possible link to
the next paragraph. The main structural feature of this type of paragraph is that the
bulk of the paragraph consists of comparison.

Now that you have an idea of the structural models you can use to build
paragraphs, let’s look at how you can arrange your paragraphs to ensure a coherent
flow throughout your writing.

Structural techniques

Reverse outlining

Reverse outlining is a very useful editing technique which can be employed to help you
keep track of your paragraphing, and decide whether it needs revision. The following
steps should be followed:

1 Open a new document alongside the one you’re working from.

2 Copy the first line of every paragraph, in order, and paste it into the new document.

3 Remember the first line of every paragraph should give the reader an indication of
the main point that will be covered, and link the paragraph back to the main
question.

4 As such, the list of first lines that you have created in this document should act as a
bullet point overview of the whole essay / report / dissertation chapter.

Troubleshooting structural problems in the reverse outline
Look at the bullet point overview that you have created. How does it read?

e Look at the order of the bullet points. Is it coherent? Or is it jumbled? Can you
rearrange them to create a better flow? It's easier to do that in this bullet-point
version of your work than it is in the full version, where reordering whole paragraphs
can sometimes seem too extreme.

e Are there any obvious gaps? Is there an idea that you’ve forgotten to mention that
would bridge this gap, and help your reader along? Check the bullet points on
either side of the gap. Is either of them perhaps too broad, as was discussed before?
Could one of the bullet points be splintered into two or three smaller points? Would
that fill the gap?

e Alternatively, do you have bullet points which seem to be repeating themselves? It's
easy, if you are very keen to demonstrate to your marker that you understand
something, to repeat yourself across paragraphs, slightly tweaking the phrasing, but
essentially saying the same thing each time. Look at the paragraphs in question and
be ruthless when it comes to removing anything that’s simply repetitive.

The main advantage of the reverse outline method is that it allows you to look carefully
at the overall structure of your work without becoming distracted by the content,
which is what can sometimes happen if you just read through the document as a
whole. Here, you can see the skeleton of your discussion, and quickly and easily resolve
any problems.
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Reverse outlining can also act as an effective way to build a draft if you are having
difficulty getting started. Writing a bullet point of every point you would like to cover,
and then building a paragraph around that using one of the models offered here, is an
effective way to start getting words on the page in a structured way.

Structure within paragraphs

Connectives

In our experience, students often express frustration and confusion when they receive
feedback telling them that their work doesn’t flow, or that there’s no sense of
progression. The idea of ‘flow’ seems vague, and difficult to articulate, and they don’t
understand how to begin to make their work do this.

As you saw above, there are paragraphing methods that can be used to ensure that
there is a sense of progression in each paragraph, be that through argument, process,
description or comparison / contrast. Considering what type of paragraph you have
written, and the role it plays in the wider piece of writing, helps you avoid the
‘information dump’ paragraph, where the reader is presented with a block of information
with no internal progression, and without its relevance to the question made explicit.

Another sure way of making sure that your writing exhibits logical progression and
flow is to use connectives in your work. Connectives are another important way of
adding clarity and coherence within paragraphs. Consider the following examples:

The skills gained in the production of scientific writing stand students in good stead
in the workplace. They can write concisely. They can write descriptively. They are of
use to a number of different professions. Some of these professions may be
unrelated to the sciences and offer opportunities the student had never considered.
Scientific writing is a valuable skill to attain. It improves grades and it improves
employment prospects.

Box 11.15 Paragraph without connectives

Crucially, the skills gained in the production of scientific writing stand students in
good stead in the workplace. They can write concisely. They can also write
descriptively. Consequently, they are of use to a number of different professions.
Some of these professions may be completely unrelated to the sciences. As such,
they may offer opportunities the student had never considered. To summarize,
scientific writing is a valuable transferable skill to attain, simultaneously improving
grades and employment prospects.

Box 11.16 Paragraph with connectives

Both paragraphs contain exactly the same information, presented in exactly the
same order. Which do you find easier to understand? You can follow the progression of
discussion in both, but the second example does the interpretative heavy lifting for the
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reader, guiding them carefully through the information, avoiding any scope for
misunderstanding, and making it seem persuasive, as opposed to simply presenting
them with a disconnected collection of facts.

As you can see from this example, connectives make clear exactly how pieces of
information relate to each other. They take some of the burden of interpretation from
your reader by making connections explicit, leading them through your discussion
stage by stage. The overall result is a paragraph which flows much more easily and
does not make excessive interpretative demands on your reader.

The table below gives examples of some commonly used connectives, and how they
might be used in your writing. When you are reading over your drafts, look carefully at
each paragraph. Circle all the connectives you find. If you can’t find any, then ask
yourself whether a connective might help your reader better follow your discussion.

Causal Consequently, because, as a result, since, thus

Temporal Previously, next, while, when, simultaneously

Contrasting However, alternatively, alternately, in contrast, in comparison, although,
except, conversely, whereas

Additional Also, additionally, first, second, third, moreover

Summarizing To conclude, to summarize, in brief, in short

Emphasis Importantly, notably, indeed, crucially, particularly

Box 11.17 Common connectives and how they can be used

Building an argument

Building an argument from different sources is something that students often tell us
they find difficult. Reading, understanding, and interpreting complex material is
challenging enough in itself. Taking your understanding of that material and using it to
successfully build an argument is dependent on

e Understanding what has been asked of you
e Understanding what you've read
e Understanding what you want to say

Understanding what has been asked of you

If you don’t understand the purpose of the assignment, then you might find you‘re not
selective enough when it comes to using sources (or when searching for them in the
first place, or when filtering them later). Your argument will lack focus and will include
content that is generally relevant to the overall topic, but that doesn’t help you to build
any kind of argument. You might also find it difficult to keep to the word count,
because you will want to include all material on the topic, instead of selecting the
material that’s actually relevant to the assignment.

Understanding what you’ve read

If you have problems understanding what you’ve read, then you will find it difficult to
build an argument at all. Partial understanding might lead to difficulties in deciding
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how to use material, or in deciding whether it’s something you want to use at all.
Difficulties in understanding should always be raised with your tutor as soon as
possible.

Understanding what you want to say

This last issue is really a combination of both previous issues. If you don’t understand
what has been asked of you, and you have difficulties understanding the sources, then
it will be almost impossible to decide what you want to say to your reader. This
situation is likely to produce a muddled submission, that broadly covers too much
material, not all of it relevant, and also fails to meet the requirements of the
assignment. You might find that you’re tempted to use lots of quotations. This is
because both summarizing and paraphrasing require an understanding of the topic.

Worked example: building an argument

This section offers an example of how to use sources to build an argument. It will let
you see an assignment question, a range of sources, and then some paragraphs that a
student might write. You'll notice that they don't use all the material in the sources to
build their argument. Part of using sources effectively involves being selective:
understanding what material is relevant to your argument and choosing how to use it.

Before reading this example, you might find it helpful to refer back to Chapter 3 and
to think about this section alongside the information there on command words and
planning an essay. Chapter 7, Researching the Topic and Evaluating Your Materials
would also be useful, as would Chapter 8, Incorporating and Referencing Other
People’s Work. In this specific example, we can assume that the student has read those
chapters and drawn up a plan before they started to write.

‘Compare and contrast treatment options for acute migraine.’

The student has carried out a thorough search. They’ve found appropriate sources
and read them thoroughly. They’ve taken notes and highlighted those sections which
seemed most relevant. Look at these sections of the articles they’ve found, and then
look at the paragraphs they’ve written.

Excerpt One

Chronic migraine is a disabling neurological disorder that imposes a considerable
burden on individual and socioeconomic outcomes. Chronic migraine is defined as
headaches occurring on at least 15 days per month with at least eight of these
fulfilling the criteria for migraine. Chronic migraine typically evolves from episodic
migraine as a result of increasing attack frequency and / or several other risk factors
that have been implicated with migraine chronification. Despite this evolution,
chronic migraine likely develops into its own distinct clinical entity, with unique
features and pathophysiology separating it from episodic migraine. Furthermore,
chronic migraine is characterized with higher disability and incidence of
comorbidities in comparison to episodic migraine. While existing migraine studies
primarily focus on episodic migraine, less is known about chronic migraine
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pathophysiology. Mounting evidence on aberrant alterations suggest that
pronounced functional and structural brain changes, central sensitization and
neuroinflammation may underlie chronic migraine mechanisms. Current treatment
options for chronic migraine include risk factor modification, acute and
prophylactic therapies, evidence-based treatments such as onabotulinumtoxinA,
topiramate and newly approved calcitonin gene-related peptide or receptor
targeted monoclonal antibodies. Unfortunately, treatments are still predominantly
ineffective in aborting migraine attacks and decreasing intensity and frequency,
and poor adherence and compliance with preventative medications remains a
significant challenge. Novel emerging chronic migraine treatments such as
neuromodulation offer promising therapeutic approaches that warrant further
investigation. The aim of this narrative review is to provide an update of current
knowledge and perspectives regarding chronic migraine background,
pathophysiology, current and emerging treatment options with the intention of
facilitating future research into this debilitating and largely indeterminant disorder.
Tiffani J. Mungoven, Luke A. Henderson and Noemi Meylakh, ‘Chronic Migraine
Pathophysiology and Treatment: A Review of Current Perspectives’, Frontiers in
Pain Research, 25 August 2021, https://doi.org/10.3389/fpain.2021.705276

Excerpt Two

Migraine headaches are extremely common in the general population, affecting an
estimated 13% of all adults in the United States (US) [1]. Younger adults tend to be
most affected by migraines, with peak prevalence between 30 and 49 years of
age [1]. Classically, migraines present as severe, throbbing headaches, which are
episodic in nature and persist between four and 72 hours [1]. In addition, patients
frequently report associated symptoms, such as nausea, vomiting, photophobia,
etc. Some migraine sufferers report experiencing an aura prior to onset, but
symptoms and presentations are highly variable between individuals.
Unsurprisingly, given the nature and severity of symptoms, acute headaches are
one of the most common presentations to emergency departments (ED),
accounting for 2-3% of all emergency room visits [2]. The cost burden of
emergency care management of acute migraines is estimated at $700 million
annually, with an additional $375 million spent on migraines requiring inpatient
hospitalization [3]. In addition, the economic burden of migraine headaches is
significant. Individuals suffering from migraine headaches miss an average of eight
extra days of work per year due to migraines; sufferers also report another seven
days of decreased productivity in the workplace as a result of symptoms [3]. In
total, the global economic burden of migraines on employers is estimated to be
$15 billion annually [3]. Despite significant spending efforts, management of
migraine headaches remains suboptimal in all healthcare settings.

Although migraine headaches are frequently encountered in the ED, no
consensus currently exists in managing acute migraines [2]. According to one
retrospective cohort of 811,419 migraines at 398 hospitals, as many as 16 oral and
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20 parenteral agents were used as abortive therapies in the emergent care setting
[4]. Furthermore, patients received zero to five abortive agents for symptomatic
relief [4]. Medications affecting dopaminergic, serotonergic, and various pain
pathways have all demonstrated efficacy as abortive agents; however, data has
failed to demonstrate the superiority of one class of agents relative to others. This
lack of objective data results in polypharmacy, increasing the risk of adverse events,
in addition to the overall the cost of medical care.

Despite the numerous agents available to physicians, multiple studies show
opioids are prescribed to the majority of patients presenting to the ED with acute
migraine headaches [2-4]. A retrospective cohort by Vinson, et al. examining more
than 800,000 patients found that 77% of patients receiving opioids as abortive
agents did not receive any non-opioid medications prior to the use of opioid
narcotics [4].

Najjar M, Hall T, Estupinan B, ‘Metoclopramide for Acute Migraine Treatment in

the Emergency Department: An Effective Alternative to Opioids.” Cureus
9(4): e1181. (20 April 2017) doi:10.7759/cureus.1181

Excerpt Three

An important model of migraine pathogenesis involves central sensitization, in
which peripheral stimulation of dural and vascular afferents by electrical, chemical,
or mechanical stimuli cause both excitation and sensitization of neurons in the
trigeminal nucleus caudalis (TNC) with dural receptive fields (Goadsby and Zagami,
1991; Strassman et al., 1996). As implied by this model of peripheral and central
sensitization, the development of cutaneous allodynia in cranial and non-cranial
regions of the body involves the sequential recruitment of spinal and supraspinal
nociceptive responses during the evolution of a migraine attack (Burstein, 2001).

Ahn, Andrew H.; Basbaum, Allan I., ‘Where do triptans act in the treatment of migraine?’
Pain: May 2005 - Volume 115 - Issue 1 - p 1-4 doi: 10.1016/j.pain.2005.03.008

Excerpt Four

Friedman et al. reported the findings from a randomized trial comparing single
dose IV metoclopramide, valproate, and ketorolac in acute migraine. [1] We have
some concerns. The study showed that metoclopramide was more efficacious.
However, if adopted as a routine anti-migraine treatment in EDs it may lead to
widespread, repeated use of metoclopramide with potentially serious
consequences. Metoclopramide is a major cause of tardive dyskinesia (TD).

[2] While most cases of TD occur after chronic use, we and others have observed
that short-term use may result not only in acute transient dystonic reaction or
akathisia, as they reported in 6%, but also in persistent TD. [3] Furthermore,
intermittent but repeated (‘chronic’) use of dopamine receptor blocking drugs,
such as metoclopramide and promethazine in migraine patients may also be
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complicated by the occurrence of TD. TD is typically irreversible, particularly in
women. [4] There are also medical-legal risks, [5] which have escalated to a label
change - a black box warning — in 2009. We wish to draw attention to this
potential risk and urge reconsideration of the recommendation of the use of
metoclopramide as a first line treatment of in migraine sufferers.

Factor, Stewart A., Jankovic, Joseph, ‘Metoclopramide therapy for migraine:
worth the risk?’ Neurology, Submitted April 10, 2014

Excerpt Five
Neurology

Concerns about risk of opioid gastrointestinal related adverse events, as well as
addiction and drug abuse secondary to treatment of migraine, have also been
raised.121,125,126 No included studies in the systematic review evaluated risk
mitigation strategies or instruments to predict the risk of abuse or dependency in
patients treated with opioids for a migraine attack, which has implications for
implementation of treatment algorithms that include opioids.

VanderPluym JH, Halker Singh RB, Urtecho M, et al. Acute Treatments for
Episodic Migraine in Adults: A Systematic Review and Meta-analysis.
JAMA. 2021;325(23):2357-2369. doi:10.1001/jama.2021.7939

Excerpt Six
The changing theories of migraine

The vascular hypothesis was central to early understanding of migraine
pathophysiology. Its central premise was that intracranial vasoconstriction caused
the aura, while reflexive secondary vasodilatation generated pain through
perivascular nerves. However, advances in intracerebral blood flow imaging have
largely refuted this hypothesis.

The neurovascular hypothesis posits that migraine is a disorder of the
endogenous pain modulating systems, particularly the subcortical structures. These
include diencephalic and brainstem nuclei that can modulate the perception of
activation of the trigeminovascular system, which carries sensory information from
the cranial vasculature to the brain. Moreover, the involvement of a multisensory
disturbance that includes light, sound and smell, as well as nausea, suggests the
problem may more broadly involve central modulation of afferent traffic. Brain
imaging studies in migraine suggest that subcortical structures are important in
causing migraine. Thus, it may be considered an inherited dysfunction of sensory
modulatory networks with the dominant disturbance affecting abnormal
processing of essentially normal neural traffic.
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Diagnosis and assessment

The first step is the accurate and positive diagnosis of migraine; this is usually
straightforward. To select the most appropriate management, the migraine
phenotype needs to be categorized as either episodic (occurring on fewer than

15 days a month) or chronic (occurring on more than 15 days a month, for over

3 months and with migrainous headaches on at least 8 days a month). The clinician
should scrutinize the history for sinister features. If there is a strictly unilateral
headache, consider hemicrania continua and conduct an indometacin challenge.
Look out for medication-overuse headache, as this frequently coexists with
migraine.

We frequently use a headache diary to quantify the headache and to provide a
contemporary record of pain, as otherwise this can suffer from recall bias. The
diaries also assist when monitoring the treatment response, identifying triggers, the
relationship to menses and the frequency of analgesic use. Questionnaires can help
to determine the degree of disability at baseline and to evaluate the response to
treatment (such as the Headache Impact Test (HIT 6), the Migraine Disabilities
Assessment Test (MIDAS)). The Hospital Anxiety and Depression Scale (HADS) can
also help to assess the emotional and psychiatric comorbidity. This is particularly
important in these patients and may influence the decision on preventative
therapy, since many of these can exacerbate depression and anxiety.

Non-pharmacological management of migraine

Although an enquiry about migraine triggers is useful, in reality certain triggers
cannot be avoided (eg, lack of sleep, too much sleep, stress, heat). It may also be
difficult to distinguish a true migraine trigger from premonitory symptoms
occurring in the period before an attack (food cravings, fatigue, irritability).

Patients who seek a therapeutic intervention yet are reluctant to use medication
have several options. Neurostimulation is one possibility and we shall cover this in
the linked article. The UK'’s National Institute of Health and Care Excellence (NICE
guideline CG 150) also advocates acupuncture an alternative second-line therapy
for migraine. Although there are limited data to support its use in migraines, it is
safe, and many patients have at least considered this before attending the clinic.
A large study comparing acupuncture with a sham procedure and with standard
migraine prophylactics found no significant difference between treatment groups
in the number of migraine days, although all interventions were effective.
Furthermore, acupuncture appears to improve health-related quality of life for
many chronic migraineurs at relatively low cost.” In many hospitals, the
physiotherapy department offers an acupuncture service, but patients can also
access it from primary care.

Cognitive behavioural therapy with a trained clinical psychologist may help,
particularly combined with medication, but there is very limited evidence of
efficacy. Many patients understandably have negative thoughts and emotions
linked to the headache pain. Cognitive behavioural therapy can help to explore
these and potentially lessen this burden, thereby also reducing anxiety.
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Acute management of migraine

Practice has gradually shifted from a treatment paradigm involving gradually
escalating abortive therapy towards now starting with combination therapy—
non-steroidal anti-inflammatory drugs (NSAIDs) or paracetamol and triptan—from
the outset (box 1).8 This shift follows the NICE (CG150) guideline’s cost-utility
analysis, which evaluated costs and Quality-Adjusted Life Years (QALY) outcome
measures. Based on this analysis, triptan plus NSAIDs combination was more
effective than other acute migraine approaches, including triptan monotherapy
(box 1 shows costs for various triptans); this, therefore, offers patients the best
hope of rapid migraine resolution for an acute attack.® The guideline’s
recommendation includes an anti-emetic, even if nausea is not pronounced, to
counter gastric stasis and so facilitating tablet absorption and pain relief. Last year,
the European Medicines Agency issued a warning about domperidone being
associated with a small risk of sudden cardiac death and fatal arrhythmias,
particularly in those aged over 60 years. They recommended avoiding its
prolonged use or doses above 30 mg daily. Patients taking medications that
prolong the electrocardiography Q wave to T wave interval should avoid it and
those with cardiac comorbidities should exercise caution. NICE recommends
avoiding ergots and opioids.
Sinclair AJ, Sturrock A, Davies B, et al., ‘Headache management:
pharmacological approaches’, Practical Neurology 2015; 15:411-423.

Student draft
Compare and contrast treatment options for acute migraine

It is important to understand the many impacts of migraine when considering
treatment options. Migraines are a common complaint (Najjar, Hall & Estupinan
2017). A severe headache with accompanying neurological symptoms ranging
from nausea to visual disturbance, they frequently result in sufferers seeking out
emergency care in hospital, as well as absence from work (ibid). Triptans are known
to be one of the most effective treatments for acute attacks. Despite this, opioid
painkillers are often prescribed in hospital settings (ibid). These medications have
significant drawbacks, most significantly in terms of addiction risk, but also in terms
of immediate side-effects, such as gastrointestinal pain (VanderPluym, Halker, Singh
and Urtecho et al 2021). This means that not only do sufferers experience
significant disruption to their lives, but when they do seek care, they are not always
prescribed the most appropriate medication.

While triptans are generally deemed effective, new options are increasingly
favoured, sometimes in conjunction with a triptan. An additional treatment option
that is increasingly being used is metoclopramide, an anti-emetic which also has a
beneficial effect on absorption of analgesia (Sinclair, Sturrock and Davis et al 2015).
This is increasingly gaining favour in clinical settings, especially as means to avoid
the risk of addiction presented by opioid use. One article, however, urged caution,
stating that the risk of tardive dyskinesia was too great (Factor and Jankovic 2014).
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While this view appears to be in the minority in the literature, this caution is
echoed in the actions of the European Medicines Agency, which ordered a review
of the use of the medication in treating migraine and issued new guidelines on its
safe usage.

It should be noted that while chronic migraine is recognized as a distinct
evolution or subtype of migraine, with its own pathology and challenges, many
studies do not differentiate between chronic migraine and episodic migraine when
discussing treatment options, particularly in hospital settings. A sufferer of either
type may self-present to a hospital if suffering an acute attack. This lack of
distinction poses some difficulties in assessing best treatment.

What do you notice about what the student has written so far? Is there anything
you didn’t expect? Is there anything you would do differently?

Although all of these sources have helped to inform the student’s understanding
both of migraine and treatment options, they have informed different aspects of it.
Understanding how a source has helped you understand more is a good way to start
thinking about how it might help you to construct an argument. For example,

Excerpts One and Two both offer information on the impact of migraine and its
prevalence. The student has used this information to contextualize their question,
giving some background into the nature of the problem. Excerpt Two also offers
information on the distinction between chronic and episodic migraine. The student has
clearly decided that this information is useful and something they wish to investigate
further, as they’ve specifically chosen to mention it in the third paragraph as a factor to
consider when discussing treatment options.

They use information from Excerpt Five at the end of their first paragraph to move
from general background on migraine and its impact to shift the focus to the problems
of suitable treatment, offering the specific example of the drawbacks of opioid-based
painkillers.

In paragraph two, they use material from Excerpts Four and Six to introduce a new
treatment option, metoclopramide. They explain how it works, then mention that it is
favoured as a way to avoid opioid-based treatments, the problems with which they
raised in the previous paragraph. They mention here that the concerns raised in
Excerpt Four regarding side-effects appear to be in the minority, offering the reader a
broader perspective of how the issue is regarded.

In paragraph three, they have chosen to talk specifically about chronic migraine and
how it is discussed in the wider literature, referencing Excerpt One. They might choose
to continue to focus on that in the next paragraph, or they might decide that flagging
the issue is enough, and then go on to talk about different challenges in treatment.

You should notice a few things here:

e Not all of the information is used, nor is every source used.
It brings the material together.

e Some material is summarized, while some is paraphrased. There are no direct
quotations.

e The material has been redeployed to serve the argument, not simply repeated.
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You might not agree with the material the student has chosen, or how they’ve used it,
but what is most important here is to understand the difference between simply
reusing chunks of text that seem relevant, essentially producing a summary of notes,
versus actually reading carefully and choosing specific pieces of information to create a
new argument.

Conclusion

Structuring often presents students with difficulties, from dealing with the
restrictions of working within a specific format, to crafting paragraphs, to keeping
sentence structure under control, and building an argument. The advice we have
given you in this section enables you to take control of structure at every level of
your writing and make it work for you, instead of letting it tie you up in knots.
Using these techniques alongside the drafting methods we discussed at the
beginning of the chapter will ensure that you convey your knowledge and ideas as
clearly and coherently as possible, which will lead to higher grades.



Sounding Like a Scientist

Top 3 staff comments on tone:

» Colloquialisms sometimes creep in, causing tone problems.
» Erratic grasp of proper tone and voice is common.
» Word choice sometimes lacks accuracy.

Top 3 student comments on tone:

» I’'m never sure exactly what I'm allowed to say — what'’s too informal, or too subjective.

» | know it’s supposed to be in the passive voice, but I'm not really sure what that is, so | just try
to copy the way | see other people write.

» Sometimes it just doesn’t sound ‘academic’ enough.

When we use the word ‘tone’ in terms of writing, it describes the writer’s attitude
towards their topic and their reader. For example, you are likely to speak in a relaxed
tone to your friends, but probably use a more business-like tone when you are speaking
to a tutor. An unfavourable review of a film might have a hostile, cold, or dismissive
tone, while a favourable review is likely to be respectful, or congratulatory in tone.
Word choice, subjectivity and formality all play a role in the overall creation of tone.

Trying to master proper academic tone is something that students tell us they have
difficulty with at various points in their academic career, whether they’re writing their
first essay, their dissertation, their PhD, or even journal articles.

This usually has to do with a lack of understanding of what tone is, and how it is
created. It also often has to do with a sense of lacking confidence and ownership over
your writing, which results in the idea that you have to write as someone else in order
to sound convincingly academic. This is completely understandable in the early years
of your degree, where you are still getting to grips with key concepts, and taking an
authoritative tone can feel inappropriate.

The feeling of a lack of control over writing, that ‘putting on’ a writing voice stifles
expression, as opposed to enabling it, can be heightened for science students, who
sometimes already have anxieties about writing from school or college, and for whom
the process might already seem alien and unpleasant.

Good academic writing expresses complex concepts clearly and coherently. It
informs the reader, giving them exactly the information they need in order to follow
the writer’s reasoning, and then guides them carefully through that reasoning.
Connections and patterns will be drawn out and fully explained. In concluding, the
reader should understand why every piece of information was presented to them, and
how it works together to answer the main question.
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In terms of tone, academic scientific writing especially prizes the following qualities:

specificity, concision, and objectivity.

Specificity in word choice

Although quibbling over exactly the right word to use might sometimes seem
pedantic, specificity in word choice is important. Choosing the wrong word can blur
your meaning or, at worst, completely alter it. We've found that students can
sometimes lack precision in word choice, and often choose words that mean roughly,
but not exactly what they want to convey. This can be damaging to an otherwise well-
written piece of work, giving the impression of a lack of understanding, and making
their observations and analyses seem less incisive than they actually are.

The following table contains the words that we’ve noticed students tend to confuse
in their writing. It's by no means exhaustive, but it should help you recognize these
types of errors in your own writing, and also help you see why incorrect word choice
can be so problematic. Remember, spell-check will not recognize any of these as errors,
so it is important that you read with an eye for detail.

Easily confused words

Principal: The main part of something.

Principle: A moral or ideal.

Lose: To no longer possess something. To
have less of something. To be unable to find
something. To be defeated. To be unable to
sustain something.

Loose: Not tight, or not firmly attached.

Can: To have the ability to do something.

May: To have permission to do something.

Affect: Generally speaking, this is the verb. To
bring about a change or result.

Effect: Generally speaking, this is the noun. The
result of a particular action or substance. ‘The
effect of adding the substance was obvious’.

Bisect: To divide something into two parts
(usually equal parts).

Dissect: To cut something apart for the
purposes of closer examination. From this
comes the use of dissect to mean ‘to analyse
something in close, minute detail’.

Complement: Something which provides
completion.

Compliment: To offer praise.

Advice: Advice is the noun. ‘The following
advice has been offered.’

Advise: Advise is the verb. ‘| would advise you
to reject this proposal.’

Alter: Verb. To change something.

Altar: Noun. A table or platform.

Discreet: To be quiet and unobtrusive in order
to avoid attention.

Discrete: Separate.

Farther: A greater distance. Refers to physical
distance. ‘The building is farther away than
you might suspect.”

Further: Can mean more, or extra. ‘This needs
to be taken further’ and can be placed before
a noun. ‘This requires further investigation.’

Beside: A preposition which refers to physical
position. ‘The instruments were placed beside
the notebook.’

Besides: ‘Apart from that’ or ‘aside from that’.

Table 12.1 Easily confused words
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Look out for these types of errors in your writing. A marker might be able to figure
out which word you actually meant by looking at the context, but this is not always the
case. Besides, an accumulation of errors like this gives a poor impression of your
professionalism, and will make your marker wonder where else you might have been
careless.

Concision and simplicity

It’s easy to tie yourself in knots when choosing proper vocabulary to attain an
appropriate tone. It's not uncommon, when trying to sound academic, for your word
choice to wander instead into the overly formal and complicated. Remember, your
writing needs to be context-appropriate, but also make your reader’s life as easy as
possible. Clarity and simplicity are best. Have a look at the following table:

Permitted the opportunity Allowed
Utilize Use
Commence Begin
Terminate End
Fabricate Make
Endeavour Attempt
In the event that If

Table 12.2 Simple alternatives to complex words and phrases

The words in the right column mean exactly the same as those in the left-hand
column, but they are clearer and shorter. Compare the following sentences:

Utilizing this instrument permitted the opportunity for the process to commence.
In the event that a change was observed, the experiment would be terminated.
(24 words)

Using this instrument allowed the process to begin. If a change was observed, the
experiment would be ended. (18 words)

The second sentence says exactly the same thing as the first, but is much clearer, and
much less pompous. You'll also notice that it's much more concise. Six words might
not seem like much of a difference in word count, but the cumulative effect across a
whole essay will result in @ much more succinct piece of writing.

The fact that these words are simpler does not mean that they are informal.
Formality is not necessarily about complexity. It is about recognizing the relationship
between you and your reader and using the vocabulary appropriate to that context.

Have a look at the examples below. They’re not badly written, but they could do
with some editing for clarity and concision. Try to re-write them more concisely using
the guidance offered. Don’t worry too much if your version doesn’t exactly match the
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version we’ve written in the answers section at the back of the book. This takes practice
comma and any two writers might produce slightly different answers

Concision and simplicity quiz — see p.184 for answers

Look at these sentences. Ask yourself what can be trimmed without losing the meaning of the
sentence. Think about adopting this practice when you edit your own work.

1. In order to enable a full understanding of this process, it is necessary to provide full and
detailed descriptions.

2. Establishing a clear protocol is truly indispensable to ensure that other researchers have a full
and solid understanding of all methods utilized.

3. The technique is widely considered to be effective by the vast majority of clinicians.

4. It can be seen from the findings that the technique employed would seem to have had an
impact on the quality of the end product produced.

5. A survey of the literature has permitted the discovery of new treatment options. In the event
that there is a review, these options will be reconsidered.

Building a phrase book

When you’re getting used to the vocabulary of a new type of writing, like scientific
writing, it can be very useful to build a list of useful phrases you can use in your writing
in order to introduce topics, describe trends, compare and contrast results — just as you
would learn practical phrases if you were travelling to a foreign country.

This phrase book will grow as you do more writing, and you will find that you
favour some phrases more than others, moving towards developing your own style
within the conventions of scientific writing. This type of book can also be of help when
you find it difficult to phrase exactly what you want to say. For example:

Substance A played a significant role in ...
Recent research indicates ...

This inconsistency could be attributed to ...

A practical approach to address this problem ...

An extremely useful resource to help you build this list, especially for students

with English as a second language, is the Manchester Academic Phrase Bank
(www.phrasebank.manchester.ac.uk). This is an online collection of generic academic
phrases, grouped by function, which can be used without any fear of plagiarism. It is a
good way of allowing you to become familiar with the appropriate level of language,
as well as building your own repertoire of phrases. Similarly, The Student Phrase Book
(Godfrey, 2013) provides useful definitions for common academic words and phrases,
and allows you to see them in the context of student writing.

General advice

e Avoid contractions: can’t, won’t, didn’t, shan’t, couldn’t. These tend to be perceived
as informal. Instead, always use the full version: cannot, did not, shall not, could not.


http://www.phrasebank.manchester.ac.uk
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e Avoid colloquialisms and clichés. This isn’t actually a very big problem in the
majority of students that we see. When we do encounter it, it tends to be that an
international student has used an informal phrase or word they hear a lot in spoken
English, and didn’t realize that it was informal. Asking a friend on your course who
has English as a first language to check for these kinds of errors can help. Take note
of the phrases and words that are pointed out to you.

e Try to keep context in mind as you write. If you remember that you are working to
gain a professional qualification, and that you are speaking to a professional in your
chosen field, then issues such as using subject-specific terminology, communicating
clearly, avoiding slang, and remaining objective all become self-evident.

Obijectivity and the passive voice

One of the key differences between scientific writing and writing in the arts, or in the
social sciences, is the use of the passive voice.

What is the passive voice?

The passive voice is a construction we use when the process is more important than the
person performing it. For example, if you are writing a description of an experiment
that you carried out, then it is very likely that you want your reader to focus on the
process of the experiment itself, not the person carrying it out.

In order to do this we use a special construction called the passive voice. Look at the
following:

The ethics committee approved the study.

In this sentence, the ethics committee is the subject of the sentence. It is also

performing the action in the sentence, ‘approving the study’. The study undergoes

the action, which makes it the object of the sentence. This is an active construction. In

an active construction, we're most interested in the person performing the action.
Now, compare that sentence with this rewording.

The study was approved by the ethics committee.

This is a passive construction. In a passive construction, we’re not interested in the
person performing the action. Instead, we’re most interested in the thing undergoing
the action.

This changes the emphasis in the sentence. In the first example, the ethics
committee seemed fairly important. In the second example, the study, and the fact
that it was approved, seems more important, because the writer has chosen to place it
at the beginning of the sentence. The agent acting on the subject, the ethics
committee, has been placed at the end of the sentence. In fact, if you decided that it
was obvious that it was the ethics committee who approved the study, and that this
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information does not have to be included in the sentence at all, then it could be
completely removed from the sentence.

The study was approved.

If you think about this last example, then you can figure out one of the main reasons
the passive voice is preferred in scientific writing. We use it when the person who
carried out the process is not of interest or importance, and can therefore be removed
from the sentence. Compare these sentences.

| heated the mixture to approximately 24 degrees Celsius. When this temperature
was reached, | checked for a precipitate. | established that the precipitate was
present, and then | filtered this solution.

Box 12.1 Example of active voice

The mixture was heated to approximately 24 degrees Celsius. When this
temperature was reached, the flask was checked for the presence of a precipitate.
On establishing this was present, the solution was filtered.

Box 12.2 Example of passive voice

It doesn’t make much difference to the sentence when the person performing the
action is removed, does it? They are unimportant here, where the focus instead is really
on the process that is being carried out. As such, the passive voice is better for this type
of writing.

Another reason scientific writing prefers the passive voice is to reinforce the
impression of objectivity.

Generally speaking, students of virtually all university subjects are cautioned against
subjectivity. The aim in academic writing is to offer objective observations and analysis
based on a critical examination of facts and/or theory. When ‘I’ is used, there can be a
tendency for personal opinion to creep into writing.

As you saw in the examples above, the passive voice can completely eliminate the
actor from the sentence. There is no ‘I’. The reasoning behind scientific writing’s
preference for this is that with ‘I’ completely removed, what is left can only be an
impersonal observation and analysis of the facts.

In reality, it is worth noting that you could write an entire report in perfect passive
voice and still be subjective in your interpretation of wider literature, or selective in how
you reported your results. Increasing numbers of scientific journals specifically request
that articles are written in the active voice, both to aid clarity and cut down on word
count. However, as an undergraduate student, it is most likely that you will be
requested to write in the passive voice.

Be careful in your use of the passive when the reader is likely to require more detail
about who is performing the action. Consider the following example.
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It was suggested that this approach was flawed.

Who suggested this? Is this a commonly held opinion? Is this a point in the paragraph
where you should be referring to a specific study? Would your reader want
confirmation that you are aware of this study? You can still use the passive voice, but
this is an example of where you might want to keep the agent in the sentence in the
interests of clarity.

As mentioned previously, academic journals increasingly tend to prefer the active
voice. As such, it can be interesting to note when the passive voice is used in any
journal articles you read as part of your research. Why has the author chosen to omit
the agent performing the action?

Writing in the past tense

Scientific writing uses the past tense to write about things that have already taken
place: a process you carried out, or what someone else observed in the course of
carrying out an experiment.

This one is worth mentioning because it can be tempting to write your
methodology section like a recipe:

Weigh 50 g of flour into a bowl. Add 2 eggs and 100 ml semi-skimmed milk. Mix
thoroughly until the flour is wet through.

This is fine, but we wouldn’t use a similar construction in science:

Weigh 15 g sodium chloride, 7 g tryptone, and 7 g yeast extract. Add these
powders to 500 ml distilled water and mix until thoroughly dispersed.

The distinction is that a recipe is known to work, and the chef who wrote it wants you
to follow their instructions exactly so that you end up with a successful dish. In science,
you carry out your methodology for your own purposes, and you write this down to
explain how you arrived at the result you got. Your methodology is not guaranteed to
be the best version possible, and there may be hundreds of different reasons that
another researcher would want to vary your conditions. Methodologies are adapted
every day in labs around the world. Perhaps someone doesn’t have enough of a
particular material and needs an alternative, or perhaps someone is running an
experiment on a different scale. Instead of phrasing them like a recommendation, then,
we just write them as a report, as you can see here:

15 g sodium chloride, 7 g tryptone, and 7 g yeast extract were added to 500 ml
distilled water and mixed until thoroughly dispersed.

The present tense is for conclusions that you have drawn. The experiment which has
already been carried out should be described in the past tense. The fact or concept it
revealed should be discussed in the present tense.
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The future tense is usually used for suggestions about how your work might be
further developed, or put to different uses.

Conclusion

The aim of this chapter is not to give you a rigid set of rules which will restrict your
range of expression while you write. By giving you an understanding of what tone
means and how it is achieved, and helping you understand why certain
conventions exist, you now know how to create the appropriate tone in your
academic writing, and why it is important. Building up your own repertoire of
commonly used words and phrases will help you feel comfortable and confident in
expressing yourself. If you remember that scientific writing is a means of clearly
communicating your thoughts to a specific audience, then you will write with
clarity and coherence.



How to Say Exactly What
You Mean

Top 3 staff comments on grammar:

» Sentences are often too long.
» The students have difficulty putting their point across.
» There’s sometimes no understanding of basic punctuation.

Top 3 student comments on grammar:

» I’'m not sure how to use a lot of it, and it stresses me out.

» It's probably not the most important aspect of scientific writing, so how much do | really need to
focus on it?

» |t was never explained at school, and now it seems really complicated.

When you’re talking to someone, and you want to make sure you get your point
across, you have a variety of different ways at your disposal to help you do this. You
might try to speak especially slowly and clearly at key points. You might raise your
voice for emphasis, or hold eye contact, or use gestures. If, while you're talking, you
happen to notice that the person you’re talking to seems confused by one of your
points, then you can rephrase it. If they really don’t understand something, then they
might ask you a question, which would allow you to clarify your point.

In writing, punctuation carries out all of these tasks. You can use punctuation to
emphasize your points, to guide your reader through complex information, and to
make sure that you communicate your understanding clearly and logically.

This chapter will make sure that you feel completely confident using punctuation to
achieve this goal. Punctuation will be discussed in practical terms, in order to let you
see exactly how and when to use it. After this, we will then move on to basic sentence
structure. Again, practicality is key, discussing the advantages and disadvantages of
each type of sentence, and when you might want to use each kind in your writing to
help you express yourself.

After we've discussed everything you need to know, we will look at the most
common student errors in punctuation, how to fix these, and prevent them from
happening in the first place. As we said, punctuation in writing works in the same way
that your voice and facial expression, and gestures work in speech. If,
mid-conversation, you were to suddenly lower your voice, or break eye contact and
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look in another direction, or take pauses in odd places, then your listener would find it
difficult to follow what you were saying, and might even misunderstand you
completely. Erratic punctuation has the same effect.

Punctuation

A clear understanding of the essential rules of punctuation will help you to express
yourself more effectively, and feel more confident in your ability as a writer.

This section will not go into minute detail on every single fine point of punctuation,
with lots of theoretical knowledge that you do not need to know. Instead, it will simply
give you the tools you need to clearly and concisely convey your ideas to your reader.

The comma

The first piece of punctuation to look at in more detail is the comma. The comma is
probably the most widely used and most versatile piece of punctuation. It can do a
number of different jobs, which makes it very useful. However, this flexibility also means
that it is easy to use it incorrectly, which can then cause confusion for your reader.

This section will outline the six main uses of the comma. It will then look at the most
common errors that we see students make, and how these errors can be quickly and
easily corrected.

Commas separate introductory elements (or connectives) from the rest of the
sentence

Look at the following:

Firstly, appropriate materials were located and obtained.

However, this method did not prove helpful.

Consequently, it was decided that this approach could not be recommended.

In contrast, no reaction was observed in the second solution, despite our initial
predictions.

You can see the connectives are all in bold at the beginning of each sentence. They
might seem like small, unimportant words — but, as we discussed, they actually do an
incredibly important job: telling your reader exactly how to interpret the information
that follows. This aids clarity and flow, eliminates ambiguity, and ensures that your
writing has a logical progression.

Think of connectives as a signpost. They introduce the content, but they’re not part
of the content. As such, connectives at the beginning of sentences (introductory
elements) should be separated from the rest of the sentence with a comma.

Commas punctuate clauses in a compound sentence

A compound sentence contains two independent clauses (a clause which can stand on
its own). These sentences must have a comma and a coordinating conjunction to link
their two independent clauses. (This sentence type will be discussed in more detail later
in the chapter.)

e The equipment was set up, and progress was carefully recorded.
e We spoke to several study participants, and we asked our list of pre-agreed questions.
e Tantalum metal is covered by a thin layer of oxide, so it does not react with air or water.
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Commas separate dependent / subordinate clauses from the rest of the sentence

Dependent / subordinate clauses are parts of the sentence which contain additional
information which is of less importance than the main point of the sentence. They give
extra detail, or clarify the key point of the sentence in some way. However, they are
not essential to our understanding of the sentence.

If you are having difficulties trying to identify subordinate clauses in your writing,
then a good way of testing whether or not a clause is main or subordinate is to remove
it from the sentence. If the sentence that remains still makes sense, and still makes the
point you intended it to make, then what you removed is a subordinate clause. Don't
worry if this doesn’t seem clear just now — these sentences will be discussed in detail
later on p.175. For now, just remember this use.

e [ridium, first discovered in 1803, is the most corrosion-resistant element known.
e [ridium is the most corrosion-resistant element known.

Source: WebElements [http://www.webelements.com/]

Equally, subordinate clauses tend to be easily mobile. You can put them in a different
location within the sentence, and the sentence still makes sense.

e |[ridium, first discovered in 1803, is the most corrosion-resistant element known.
e  First discovered in 1803, Iridium is the most corrosion-resistant element known.

Source: WebElements [http://www.webelements.com/]

No matter where it goes, though, there must be either one or two commas
(depending on the position of the clause) to inform the reader that it is secondary
information.

Commas go around appositives

An appositive is a noun which names another noun. The idea is easiest to understand
by looking at some examples. The first name for the noun is underlined, and the
second name for the noun (the appositive) is in bold.

e The most abundant lanthanide, Cerium, is the principal component of
mischmetal alloy.

Source: WebElements [http://www.webelements.com/]

e Infectious diseases that cause degeneration of the central nervous system,
transmissible spongiform encephalopathies, can be found in humans and
animals.

Source: WHO [http://www.who.int/bloodproducts/tse/en/]


http://www.webelements.com/
http://www.webelements.com/
http://www.webelements.com/
http://www.who.int/bloodproducts/tse/en/
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Commas separate items in a list

You might already be familiar with this rule. You can choose to put a comma beside the
final ‘and’ in the list. This is known as an Oxford comma. It can sometimes be useful for
the sake of clarity, in case there is a risk that the final two items in the list might be seen
as a compound item.

e The cerebral cortex is made up of four sections: the frontal lobe, the parietal
lobe, the occipital lobe, and the temporal lobe.

e The major reaction components were sodium nitrates and phosphates,
aluminium, and iron oxides.

Commas separate coordinate adjectives
If English is your first language, then you might not be aware that there is a very
particular order in which adjectives are used. It goes as follows:
General opinion — specific opinion - size — shape — age — colour — nationality —
material.

You can see this order within a sentence in these examples:

e We selected a conical (shape) Perspex (material) container.
e The study focused on older (age) American (nationality) males.

When the adjectives each come from a different adjective category, as they do in the
examples given above, then they do not require a comma to separate them.

However, when the adjectives come from the same category, then a comma is
required. For example,

The samples were stored in a cold (specific opinion), dark (specific opinion) room.

The comma quiz

Try using commas to correct the following sentences and solidify your understanding of this
concept before moving on to the rest of the chapter:

1. In order to ensure consistency the same method of recording results was employed in each
experiment.

2. It is suggested that this approach should not be employed as this is an expensive time-
consuming technique.

3. The results obtained showed an increase but this did not change our initial hypothesis.

4. Lithium, an alkali metal is highly reactive.

5. The increase in the number of publications in this area according to some is due to additional
funding.

6. The process was observed by the principal investigator four postgraduates and seven
undergraduates a practice adopted for each experiment.

7. There are many groups including those in industry and policymaking who are likely to be
interested in the results of this work.

Table 13.1 Comma quiz - see p.184 for answers
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8. The diatomic elements are fluorine chlorine oxygen hydrogen nitrogen bromine and iodine.

9. For those going on to further study it is important to understand what postgraduate studies
involve as well as the possible careers available.

10. In contrast the second group of researchers opted to repeat the process five times in order
to demonstrate consistency.

Table 13.1 (Continued)

Semicolons
Students often avoid using semicolons in their writing. However, semicolons can be
very useful, and only have three easy rules surrounding their use.

Semicolons join two main clauses linked by sense

The first task they can perform is joining two main clauses that are linked by sense. You
saw earlier that commas can also do this when aided by a coordinating conjunction (for,
and, nor, but, or, yet, so). The semicolon provides a slightly stronger emphasis, making it
especially useful when you want to draw attention to contrasting pieces of information.
They can also help to indicate a sense of progression from one idea to the next. This can
help you emphasize development in your writing, while still keeping everything concise.

e The samples in the first tray exhibited a change; the samples in the second tray
remained the same.

e The participants in the first study reported overall weight gain; the participants
in the second study reported a loss.

The clauses on either side of the semicolon could stand as complete sentences on their
own. You could, if you chose, write them as two separate sentences. However, if the
sentences are connected by sense, and offer an important comparison of some sort,
then combining them by using a semicolon helps to draw your reader’s attention to this.

Semicolons punctuate two main clauses linked by a transitional phrase or a
conjunctive adverb

This use is similar to the one just discussed, except that there will also be a transitional
phrase or conjunctive adverb in the middle of the two clauses.

A conjunctive adverb works like the coordinating conjunctions we looked at in the
section on commas. They connect two complete ideas, and also help you to
understand how those ideas are related. The table below gives an example of some
common conjunctive adverbs.

Thus However Moreover Consequently
Also Besides Still Therefore
Otherwise Hence Finally Indeed
Then Meanwhile Likewise Accordingly
Next Instead Similarly Still
Nevertheless Conversely Furthermore Equally

Table 13.2 Common conjunctive adverbs
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The solution in the first beaker remained colourless; conversely, the solution in the
second beaker demonstrated a colour change.

Plant cells contain high levels of potassium, which is obtained from soil;
consequently, farmland requires potassium fertilizer in order to maintain adequate
levels for crop growth.

The study explained that the equipment required for this process had been
unobtainable; similarly, the materials required had been too expensive to obtain.

These conjunctions sometimes appear within clauses, in which case they only need to
be punctuated with commas. When they connect two main clauses, as they do in the
examples above, then they require a semicolon. They then require a comma

afterwards, because they act like an introductory element for the second main clause.

Separating phrases in a list

The next task that semicolons can perform is to separate long phrases in a list.

The results allowed three main conclusions to be drawn: that substance A had a
lowering effect on blood pressure; that substance B had no effect at all; and that
neither substance was well-tolerated by the test subject.

This can also be very helpful in avoiding confusion when some of the phrases in the list
contain commas.

There were three ways that the experiment might have been performed: the first
was efficient, but expensive; the second was time-consuming and dangerous; and
the third was expensive, lengthy, and difficult.

Can you see how the semicolons aid clarity in the previous example, and help to keep
the phrases within the list clearly separated?

The semicolon quiz

Try using semicolons, and commas, where appropriate, to correct the following sentences and
solidify your understanding of this concept before moving on to the rest of the chapter

1. Many studies omitted this detail in fact, it is vital.

. There were four important decisions made: the first seemed vital but it did not impact results.

. The results obtained showed an increase but this did not change our initial hypothesis.

. The diatomic elements are fluorine chlorine oxygen hydrogen nitrogen bromine and iodine.

2
3
4. Lithium, an alkali metal is highly reactive.
5
6

. The results confirmed our initial thought moreover they confirmed the hypotheses of several
other studies.

7. When considering how this might impact future work the researchers listed several possibilities.

8. As has been discussed there are several advantages to adopting this method such as time cost
adaptability and ease of use as a result several other research groups have followed our example.

9. Some researchers like frequent informal meetings to discuss progress others prefer a more
formal approach.

10. The protocol was followed carefully however the results still presented problems.

Table 13.3 Semicolon quiz - see p.184 for answers
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Colons

Like semicolons, we've found that students tend to avoid using colons in their writing,
because they’re not very sure of how to use them properly. However, the colon is
actually a very simple piece of punctuation. It only has two jobs, both of which can be
very useful in your writing.

Colons introduce a formal list

First of all, the colon can be used to introduce a formal list, that is, a list which is
important or particularly long. This might be particularly useful if you are providing the
reader with a list of equipment or materials used in an experiment, or a list of
parameters used to select participants, and you want to make sure that they know this
list is important.

e Participants were selected on the basis of the following criteria: age, sex,
activity level, and body mass index.

e The following equipment was used: a burette, a burette stand, a clamp, a
beaker, and a pipette.

Can you see how the colon has been used in both examples? The reader is forced to
pause, and then pay particular attention to the list that follows. This makes it a useful
piece of punctuation to use when you want to draw the reader’s attention to
something.

Announcing an explanation or amplification

The colon only has one other task that it can perform: indicating that an explanation or
an amplification is about to follow. Can you see how it did that in the previous
sentence?

e There was one common factor in all of the findings: raised levels of
chloride ions.
e  Every previous researcher identified the same key difficulty: cost.

Can you see how the job the colon does here is very similar to the job it does before a
list? Again, it forces the reader to pause before continuing with the sentence. The
reader has to reflect on the part of the sentence they have just read, and then pay
attention to the information that follows.

You are unlikely to use colons too often in one piece of writing. They are fairly
dramatic pieces of punctuation, and best used to draw your reader’s attention to
important pieces of information, as you have seen. When you are writing your product
draft, look out for places where they could be usefully employed to grab your reader’s
attention and ensure that you get your point across.
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The colon quiz

Try using colons to punctuate the following sentences and solidify your understanding of this
concept before moving on to the rest of the chapter.

1. One key detail was omitted, time. There was one common finding across all studies, raised
levels of magnesium in the bloodstream.

2. There were four important decisions made; the first seemed vital, but it did not impact
results.

3. The results obtained showed a change in the following, temperature, mass, and reactivity.

4. The diatomic elements are fluorine chlorine oxygen hydrogen nitrogen bromine and iodine.

5. The coursebook contains the following schedule equipment list reading list details of work
experience and referencing guidelines.

6. The participants raised one important objection lack of information on interview structure.

7. This study is primarily focused on sensory neuroscience the study of how sensory information
is processed by the nervous system.

8. The papers were divided into three distinct categories based on content papers which
focused on clinical interventions papers which focused on a public health approach and
papers which focused on policy.

Table 13.4 Colon quiz - see p.185 for answers

Most common mistakes in student writing

Now that you have a practical grasp of all the punctuation you need, you can use it
with confidence to ensure that you communicate clearly with your reader. You are
probably unlikely to find yourself instantly using every single piece of punctuation
flawlessly in your process drafts. This is fine, and nothing to worry about. As was
discussed previously, the process draft is simply the place to get words on the page as a
way of working through your own understanding and ideas.

Instead, when you are writing your product draft, you can look carefully at how to
communicate your content as clearly as possible by using appropriate punctuation.
Which points need to be broken down in order to be clearly explained? Which
comparisons require emphasis? Are there any lists that you want to make sure your
reader pays attention to?

Equally, you should try to keep a careful eye out for any punctuation errors you
know you tend to make. Look back at the questions after each section. Were there any
that you found difficult? Look out for these pieces of punctuation in your product draft,
and check that you’ve used them correctly.

These are the most common errors that we find in student writing. Check your work
to see if you can find any of them.

Comma splicing

In the section on the comma, we saw that it is a very versatile piece of punctuation,
able to perform six tasks in your writing. While it is versatile, it is also weak. This means
that one job it cannot do alone in your writing is linking two main clauses.

The samples in the first tray exhibited a change, the samples in the second tray
remained the same.
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The clauses on either side of the comma could stand on their own as complete sentences,
which makes them main clauses. Commas are too weak to join two main clauses.
So how can we correct this? We have three options:

1. Use a semicolon instead

The samples in the first tray exhibited a change; the samples in the second tray remained
the same.

2. Make them two separate sentences

The samples in the first tray exhibited a change. The samples in the second tray remained
the same.

3. Use a comma and a coordinating conjunction

The samples in the first tray exhibited a change, but the samples in the second tray remained
the same.

Table 13.5 Ways to correct comma splices

Run-on sentences

A run-on sentence is similar to a comma splice, in that two main clauses have been
joined inappropriately. While the comma splice incorrectly uses a comma to do this,
the run-on sentence uses nothing at all.

The next part of the process was time-consuming work was started on it
immediately.

Here, we have two main clauses jammed together with no attempt to use punctuation
to link them. This is corrected in exactly the same way as the comma splice sentence:

1. Use a semicolon

The next part of the process was time-consuming; work was started on it immediately.

2. Make them two separate sentences

The next part of the process was time-consuming. Work was started on it immediately.

3. Use a comma and a coordinating conjunction

The next part of the process was time-consuming, so work was started on it immediately.

Table 13.6 How to correct a run-on sentence

The overall effect of the comma splice and run-on sentence error is to fatigue and
confuse your reader. This is because too many important facts and ideas are run
together, with no time to fully absorb what they mean, and no guidance on how to
interpret them.
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Misused semicolons

Semicolons either tend to be completely absent, or used in place of commas.
Remember the basic rules:

e Are you connecting two main clauses? A semicolon can be used here.
e Are you writing a long and complex list? Semicolons might help you keep things clear.

Colons
Colons tend to be entirely absent. You now know how they can be used.

e Have you made a statement which you now want to explain? A colon can be used
here.
e Are you introducing an important list? A colon can be used here.

Sentence types

There are four basic sentence ways that sentences can be structured. Understanding
how each is constructed will improve the style of your writing by showing you the
most effective way to present different types of information. It will also help you to
avoid structural problems, and proofread more effectively.

Before sentence types are discussed in detail, you need to understand clauses.

A clause is a group of words which express a thought. Some clauses can stand on
their own, while others need a main clause in order to make sense.

Look at the previous sentence:

Some clauses can stand on their own, while others need a main clause in order
to make sense.

The bold section of the sentence could stand alone as a complete sentence. We don’t
need any more information for it to make sense. However, the other half of the
sentence cannot stand alone. We would not know what ‘others’ referred to without the
information at the beginning of the sentence. It requires the first half of the sentence to
provide context. Try reading it aloud if you are unsure.

Clauses that can stand on their own are known as independent clauses. Clauses
which require help in order to make sense are known as dependent clauses.

Simple sentences contain one independent clause.

A compound sentence contains two independent clauses.

A complex sentence has one independent clause and at least one dependent clause.
A complex / compound sentence has two independent clauses and one dependent
clause.

| read books. (Simple)

| read books and | write reviews. (Compound)

I read books, which are usually fiction. (Complex)

I read books and | write reviews, which are occasionally published.
(Complex / Compound)
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Simple sentences

Simple sentences are particularly useful in our writing when we want to express one
idea or thought very strongly, and make sure our reader pays attention to it.

e Our results were inconclusive.
e The implications of the experiment are clear.
e This result has great significance for the wider field.

Compound sentences

A compound sentence consists of at least two independent clauses. It can be
punctuated in the following ways:

A coordinating conjunction and a comma

A conjunction is a linking word. A coordinating conjunction means that the information
before and after the conjunction is of equal importance. The coordinating conjunctions
are as follows:

For, and, nor, but, or, yet, so

These conjunctions help us understand the relationship between pieces of information.

e The study was well-funded, but we still ran out of money.
e Several attempts were made to ensure consistency, yet the results still indicated
problems.

A semicolon

Semicolons can be used to link the independent clauses in a compound sentence. This
is particularly useful if you want to present two contrasting but linked pieces of
information, and draw your reader’s attention to this comparison.

e Some students enjoy group work; others find it draining.
e The investigator assumed this approach would be successful; this was not the case.

Complex sentences

Complex sentences contain one independent clause, and at least one dependent
clause. This means that there will be one main piece of information, and then a piece
of information that relies on the other half of the sentence to provide meaning. The
independent clause is in bold, the dependent clause is not.

e After she’d written the first draft, she emailed her tutor.
e The solution was carefully observed, in order to ensure accurate results.

Note that the independent clause can occur in the first or second half of the sentence.
If you're having difficulty deciding which part of the sentence is the dependent /
subordinate clause, then try to look out for subordinating conjunctions.
Look at the two example sentences above. The dependent / subordinate clause is
introduced by the following words / phrases:
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In order
After

As discussed earlier in the chapter, compound sentences use coordinating conjunctions,
which indicate that the information on either side of the sentence is of equal
importance. Subordinating conjunctions, on the other hand, indicate that the
information that follows is of less (subordinate) importance.

The following table contains a list of the most common subordinating conjunctions
and the relationship they suggest between the pieces of information in the sentence:

Relationship Subordinating Conjunction

Cause / Effect because, since, so that

Comparison / Contrast although, even though, though, whereas, while
Place and Manner how, however, where, wherever

Possibility / Conditions if, whether, unless

Relation which, who

Time after, as, before, since, when, whenever, while, until

Table 13.7 Subordinating conjunctions

Compound-complex sentences

Compound-complex sentences contain two independent clauses and one dependent
clause. Look at the example below.

We decided that the article was too complicated, but our students, who like
challenging themselves, thought that we were wrong.

Compound-complex sentences are long, and are usually trying to convey complex
information. It's important to be clear on which information is of primary

importance, and which is of secondary importance, and then punctuate appropriately.
If you're unsure, then the sentence can usually be broken down to make it easier to
handle, like this:

We decided that the article was too complicated. However, our students, who
like challenging themselves, thought that we were wrong.

That’s not to say that compound-complex sentences should be avoided. They can be a
very effective way of expressing detailed information. However, if you are going to use
them, ask yourself whether

A. All the information contained in the sentence needs to be there and
B. If the information might be easier to understand in a simpler sentence structure.
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When you’re editing

Look for long sentences

1 Do they have a main point? If not, think about creating two or more short
sentences.

2 If it does have a main point, then make sure that any subordinate clauses are clearly
demarcated with commas.

3 Could the information be presented more effectively using parallel structures?

4 Are there compound / complex sentences? Look for main clauses. Have you
punctuated these properly?

Look for compound sentences

1 Has the sentence been punctuated correctly? If it has, look more carefully. Might it
actually be more effective and easier to understand as two separate sentences?

2 If you are drawing attention to the contrast between two pieces of information,
would a semicolon help underline this comparison?

Look for simple sentences

1 Is this a complete sentence? Make sure that it’s not a fragment masquerading as a
sentence.

In practice

As we said when we looked at punctuation, do not worry about trying to implement all
of this immediately in your writing. Write your process drafts as normal, without
worrying about structure. Then, when you come to your product draft, think about
exactly what information you want to convey in each paragraph. Do you want to draw
your reader’s attention to a comparison? Use a compound sentence. Do you want to
state a single fact clearly, or make an important statement? Use a simple sentence. If
you have a detailed piece of information you want the reader to understand, then use a
complex or compound-complex structure to carefully express your main points and
supporting detail.

No matter which sentence type you choose to employ, it's important to think about
how your reader will interpret the information offered within each structure.

For example, if you accidentally put important information inside a subordinate
clause, then you are signalling that it is of less importance than the rest of the sentence,
to the extent that it could safely be removed without losing the main meaning of the
sentence. This is likely to cause confusion, and the reader might completely
misinterpret your meaning.

If you have a very important fact or finding that you want to make sure your reader
pays close attention to, then burying it in a very long sentence is a bad idea, because it
will get lost amongst other information.

Let’s look at an example paragraph to see how this all works in practice.
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Describe the role played by neurons in the central nervous system

Neurons are the main component of the central nervous system (Bear et al., 2016).
They are each made up of a soma, an axon, and dendrites. There are specialized
types of neurons that do specific jobs: sensory neurons, interneurons, and motor
neurons. They can also be subdivided by morphology: bipolar, multi-polar, and
pseudo-unipolar. Neurons send and process information via chemical and electrical
signalling. This is known as neurotransmission, which is enabled by ion channels
which allow charged ions to flow across the cell membrane.

(Adapted from Bear et al., 2016)

Box 13.1 Paragraph with varying sentence structures

Let’s look at the first two sentences.

Neurons are the main component of the central nervous system. They are each
made up of a soma, an axon, and dendrites.

We have two simple sentences here, each of which states a fact. You could choose to
structure it differently.

Neurons, which are each made up of a soma, an axon, and dendrites, are the main
component of the central nervous system.

Now we’ve made it a complex sentence. The information about neuron structure has
been turned into a subordinate clause, and nested in the middle of the sentence. Do
you think this changes how you interpret the sentence? Does the information about
structure carry quite the same importance? Is it easier, or more difficult, to take in the
information now that it’s all contained in one sentence?

What about the end of the paragraph?

Neurons send and process information via chemical and electrical signalling. This is
known as neurotransmission, which is enabled by ion channels which allow
charged ions to flow across the cell membrane.

Do you think that ‘this is known as neurotransmission’ would be stronger as a simple
sentence? Or do you feel that it is important to attach a subordinate clause explaining
how it takes place? Would you prefer to completely restructure it?

Neurons send and process information via chemical and electrical signalling. This
process is enabled by ion channels, which allow charged ions to flow across the
cell. This sending and processing is known as neurotransmission.
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There is no right or wrong answer in any of these alternatives. The aim is to
demonstrate how much more control you, the writer, have over your work when you
have a grasp of sentence structure. This means, in turn, that you can fully demonstrate
your understanding of your work in your written assignments.

Conclusion

An understanding of punctuation and sentence structure gives you control over
your writing, and allows you to communicate clearly and precisely. You now
understand how to trim long sentences in order to assist your reader’s
understanding of your work, and when shorter sentences are more appropriate to
make strong, impactful points. Now that you're familiar with different types of
sentence, you know which to use to ensure that you fully and clearly convey your
points. You now have a practical understanding of the punctuation you need in
order to write effectively. Instead of giving you an exhaustive overview of every
little detail of grammar, we’ve given you just what you need to write effectively.
You are now in charge of the grammar, instead of the other way round. This is of
value in any kind of writing, and will definitely be useful in the long term.



Editing and Proofreading
Your Work

Top 3 staff comments on editing and proofreading:

» We always tell students they should produce multiple drafts, but their assignments often
suggest that they haven’t done this.

» The lack of drafting is possibly due to poor time management. Students don’t recognize the
importance of drafting.

» It’s frustrating when you read an assignment that could have been substantially improved with
some time spent on editing. Lots of small errors make work look careless.

Top 3 student comments on editing and proofreading:

» |’'m never exactly sure what I’'m doing right or wrong, so how can | check for things that need to
be fixed?

» | just don’t have time.

» If | leave it until too close to the deadline, the idea of reading through and finding mistakes just
makes me more nervous.

While students often see ‘checking their work’ as one task, editing and proofreading

are actually two very different activities. You will find that you will work more quickly

and more effectively, and produce cleaner final drafts if you keep them separate.
Let’s look at each in more detail, and how they can benefit your work.

What is editing?

Editing involves looking at several different aspects of the assignment. It doesn’t look at
the fine detail in terms of wording and punctuation, but instead examines the work on
a deeper level. It deals with how the content has been conveyed via your structure.
Editing might reveal that the work could be better organized in order to effectively
present your ideas.

Before you begin to edit, we recommend taking a couple of days away from your
draft. It can be difficult to be objective and look at it as a whole when you’ve been
focused on details. After you've taken a break, you can come back to it with fresh eyes
and look at the following.

168
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Check content

First of all, no matter which type of assignment you’ve been set: have you actually done
what was asked of you? Check the question again. Make sure you have fully responded
to the command in the question, and not just written generally on the topic. The
content needs to be entirely relevant to the question / task set. If you are at all unsure
on how to do this, then look back again at the chapter on deconstructing the question.

It's surprisingly easy to include material that is tangentially related to the question
set, but that is not actually directly relevant. It’s also surprisingly difficult to make
yourself remove material like this. In early assignments, its natural to feel anxious about
wanting to do well. Students often deal with this by trying to include absolutely
everything they know in their assignment, whether it's relevant or not. This will not
help you get better grades. In fact, given that markers often have ‘relevance’ and
‘structure’ as part of their marking criteria, it’s actually more likely to hurt your chances
of doing well.

If you find it difficult to delete material like this after taking the time to write it, open
a new word document while you’re editing. When you remove material from the main
draft, paste it into this document, and save the document as something like
‘supplementary information’. It will be useful later for exam revision, or a later
assignment. Whatever you use it for, putting it in a new document, instead of just
deleting it, will make it easier to remove from your draft.

Editing your report

If you are writing a report, does each section contain the appropriate content? You can
go back and look at Chapter 2 for a detailed breakdown if you are still unsure what
should go in each section, or use the following as a checklist for editing purposes.

Abstract

The abstract should act as a concise summary of the whole report. It does a crucial job
in allowing the reader to get an overview of your work and decide whether they want
to read the entire report.

It should do the following:

Clearly state your objective.

Briefly describe the methods used.

Succinctly describe the most important results.

Summarize the conclusions that can be drawn from those results.

Possible issues

Don’t be tempted to start giving details of results in the abstract. This is the place for a
summary of key results, not an exhaustive list of all of them.

Introductions

The introduction should clearly state your research question, justify why the question is
worth answering, and set your work in context. It should do the following:

e State the research question.
e Explain why the research question is worth examining.
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e Briefly summarize relevant literature in order to provide context.
e Clearly and concisely define any key concepts and / or terms.

Possible issues

Make sure you draw a link between wider literature and your work. The literature is
there to provide context for your report, not simply as proof that you have read what'’s
on the reading list.

Methods

This section of the report should describe your methods and materials clearly and in
enough detail that someone else could repeat your experiment. It should:

be written in the past tense, since these are actions you have already carried out;
be written in the passive voice, since you are focusing on the process;

contain an explanation of why you chose this particular method;

contain an explanation of why you used these specific materials;

be structured in a way that makes it as easy as possible for the reader to find the
information they need.

Possible issues

Materials and methods can be included as two headings within this section to avoid
confusion if necessary.
Be careful not to wander into talking about results at this point.

Results

This section of the report should clearly describe your results. It should be as
unambiguously written as possible. Explanations of the results should not take place
here. The results sections should:

e describe your results;
e highlight any particularly important results;
e ensure that any graphs and tables are clearly labelled.

Possible issues

This is not the place to interpret results. Make sure this section is only descriptive, and
save interpretation for the discussion section.

Graphs and tables that are poorly labelled, or not labelled at all, only confuse your
reader.

Discussion

The discussion section of the report should clearly and coherently explain your results,
and talk about the wider significance of your findings. It should:

interpret your results;

link your findings to other literature in the field;

assess whether the questions raised in the introduction have been answered;
critically analyse any limitations you think the work had (problems with
experimental design);
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e be written in the past tense when describing actions you carried out in the past;
e be written in the present tense when discussing the implications of your work.

Possible issues

Make sure you relate your interpretation of your results back to the introduction.

Don’t just discuss literature that agrees with your findings. Be prepared to explain
any differences or contradictions.

Draw out any patterns in your results and explain these. Equally, don’t conceal any
unexpected results.

Are there wider practical or theoretical implications? Discuss these.

Editing your essay

Introductions

The introduction plays a crucial role in the essay. We’ve found that students can often
become worried about how to start essays, which leads them to leave the introduction
until last. However, the introduction actually has a very specific set of tasks to perform,
which makes it easy to write.

If you are writing an essay, then you should make sure that your introduction:

deconstructs the essay question;

clearly defines any important terms;

clearly states the essay’s purpose / argument;

tells the reader in detail the main points the essay will make;
gives an indication of the essay’s conclusion.

When you are writing your introduction, you should cover each of the bullet points
listed in the box above. After you have done this, you will have produced a paragraph
which acts as a set of guidelines for you as the writer, and for your reader. You can refer
back to it as you write to remind yourself of the purpose of the essay, the points that
you promised you would cover (which should each correspond to one paragraph), and
the conclusion you should be working towards.

This is not to say you should be inflexible. If, as you are writing, you realize there is
an extra point you want to cover, or you want to modify your conclusions, then you
can go back to the introduction to reflect this. Make sure, though, that you are not
deviating from the essay question, or including irrelevant material.

When the introduction is finished, it should act like a signpost for your reader,
clearly describing your essay’s destination, and the steps it will go through to get there.
A good introduction lets your marker know that you have understood the question,
and allows them to anticipate how your essay is going to proceed.

A rushed or jumbled introduction, on the other hand, makes your reader’s life more
difficult. Instead of giving them the information they need at the outset of your essay, you
are asking them to search for all this as they read the body of your work. Likewise, your
life is made more difficult, because, without a clear introduction, it is very easy to wander
from the essay question, and for there to be gaps and repetitions in the body of the work.

We've found that problems with introductions tend to arise when you’ve not fully
carried out the note-taking and planning stage, but have started to write the essay
anyway. This often leads to an overly general introduction which doesn’t really say
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anything at all, or an introduction which doesn’t match up with the content of the
essay, both of which are very confusing for your reader, and for you.

It’s easy to want to do this when you are anxious about a deadline and just want to
start writing. However, you are only really making the whole process more time-
consuming and stressful. If you are not fully informed on the topic, and confident
about what you want to say, then you run the risk of producing an essay which omits
key pieces of information, and which sounds uncertain and unfocused, both of which
are issues which will cause your grade to drop.

You'll also spend the writing time constantly heading back to your reading list to fill
in the gaps in your knowledge. This can lead you to doubt your abilities, and this lack
of confidence will be reflected in your writing. It will also make the writing experience
itself unpleasant and stressful, which is something we’d like to avoid.

Overall

Take the time to produce a clear and thorough introduction. Don’t worry about
making it stylish. Aim for clarity. Follow the steps listed above, and write clearly and
thoroughly. The finished introduction should account for around 10 per cent of the
overall length of the essay.

Essay body

The body of the essay contains the majority of the content, and is where you will pick
up most of your marks. There are a number of different points you should check.

Each paragraph should make one clear point. That point should be backed up,
where appropriate, with data that demonstrates to the reader how you have arrived at
this conclusion. You should check each paragraph to make sure that any statements
you have made are adequately supported by evidence. Conversely, if you have tables /
figures / data, then you should contextualize these by explaining to the reader what
they mean, and how they are relevant to your discussion.

There should be a logical progression from one paragraph to the next. Sections and
paragraphs can have headings if you feel that this makes your structure clearer and
easier to follow.

The body of the essay should consist of paragraphs which are:

e fully relevant to the essay question;
e built on each other in a logical flow;
e linked;

e built around one main point.

We've found that problems with the body of the essay tend to arise when:

1 You've not taken the time to plan before you start writing
This will usually lead to a very confused first draft. As we discussed, it's fine for the
process draft to be unstructured and require revision, but if you start to write with
no idea at all of what you want to say, you’re unlikely to produce much of value that
can be edited later.

2 Your internal paragraph structure could use extra work
Paragraphs need to have one unifying idea, which is followed coherently
throughout. This is aided by using the paragraph structure types we suggested in
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the previous chapter. If you are remotely unsure about how to build a paragraph,
then it’s easy to end up with paragraphs that lack focus, and wander from one point
to another, disrupting the overall structure of your essay.

3 You've not done all the research and thinking you need to do before writing
This is likely to lead to paragraphs which contain statements or ideas without
adequate evidence to back them up, or which are not contextualized in the wider
scientific literature. As such, the paragraphs are likely to be rather short and weak.
Alternatively, you might have paragraphs full of unexplained data. These might be
overly long, but deficient in actual content in terms of your contribution, which is
ultimately what your marker is looking for.

The body of the essay is likely to be successful when a sound understanding of the
essay question is coupled with a grasp of paragraphing structure. Try to remember that
each paragraph should only cover one main point, and that the reader should be led
through your overall essay in a logical progression.

Conclusions

The conclusion should:

e clearly restate the question;
e summarize how each of your main points has been covered;
e not contain any new material.

Conclusions can sometimes cause students confusion. Much like introductions, though,
they have a very specific job to do. Once you know what that is, you should find them
easier to write.

Conclusions should restate the purpose stated in the introduction, and summarize
the points you made in the body of the essay. You should then state your conclusion(s).
Conclusions sometimes contain recommendations for future research, but this might
not be appropriate in the early stages of your degree.

We’ve found that problems with conclusions tend to arise when:

1 Your ideas have changed while you were writing, and now the essay is no
longer coherent and unified
This whole issue can be neutralized if you follow the process/product model we
suggested in Chapter 11. The process draft is the place to iron out this kind of issue.
If you haven't followed this model, then you will need to go back and look carefully
at your introduction, consider carefully how it needs to be rewritten to reflect your
changed ideas, and adjust the structure of the body of the essay to make sure it fits
your new approach.

2 You start to rewrite the whole essay in the conclusion
The key here is to be concise. You are being asked to summarize the main points of the
essay, not rewrite them in full using slightly different wording. Its easy to want to write
it all again if you are anxious about convincing the reader you understand the subject
but, as you did your job properly in the body of the essay, this won’t be required.

Remember that your conclusion has two main tasks it needs to perform. If you can
ensure it does these, then it will be a successful conclusion. Keep it concise. Like the
introduction, it should account for around 10 per cent of the overall length of the essay.
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When you read over your essay as a whole, you should try to go through the
following stages to ensure that you have produced a coherent piece of work, and to
ensure that you spot and address any issues.

Look carefully at your introduction. Take note of the points you said you would
cover. Now look at the paragraphs in the body of the essay. Does each paragraph
contain one point, and does that one point match up to what you said you would
cover in your introduction? If not, ask yourself:

e Is this paragraph relevant to the essay question? If not, remove it.
Is this a point that developed as | wrote, and now deserves to be added to the
introduction?

e Should the listing of points in the introduction be made more specific?

Now look at the paragraphs in the body of the essay. You should be able to sum up
each paragraph in one sentence. Write this in the margin. To make this step even more
effective, look at this summary of the paragraph, and check whether the paragraph
style suits the point. If, for example, the paragraph compares two materials, then a

compare / contrast style paragraph would be best.

If you cant sum up the paragraph in one sentence, then take a closer look at it. Is

the topic too big, meaning that you can’t sum it up in one sentence? Look at how this
can be broken down into two or more paragraphs. If it’s not too big, but still can’t be
summed up in one sentence, then read the paragraph carefully. Has your point shifted
or progressed at some point, so that the paragraph is no longer unified? Again, look at
whether you should make a new paragraph.

After you have done this, you should have a collection of sentences summarizing

each paragraph.

Do these points cover everything you set out to discuss in the introduction? Is there
a point that you now notice is missing? If so, expand that missing point into a
paragraph.

Do any of the points repeat themselves? If so, read those respective paragraphs
again. Have you repeated yourself, perhaps with slightly different phrasing? This is
very easy to do, especially if you're anxious to make sure the reader has fully
understood the point you’re trying to make. Remove one of the repetitive
paragraphs, and make sure the remaining paragraph is as clearly written as possible.
Read the sentences through in order. Is there logic to how they are arranged? Does
each build on the last? Make sure that there is some sort of flow, whether it comes
from coherent discussion, or describing the stages in a process.

What is proofreading?

Editing, as you've seen, is about looking at the ‘bigger’ aspects of your work: ensuring
that the content is appropriate to the question asked, that each section contains
appropriate content, and that the overall piece of work is coherent and does the job
asked of it.

Proofreading is primarily about spotting errors in punctuation and spelling.

Although these types of errors might seem less important than understanding of
content, or appropriate structuring, an accumulation of errors can make your work look
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careless. On top of that, certain errors can make your work difficult to understand,
hindering you from fully conveying your understanding and ideas.

Proofreading requires a careful eye for detail. If you become bored or fatigued, then
you will miss mistakes. Try the following steps to improve your proofreading skills:

Only proofread for one kind of error at a time

Proofreading demands a high level of concentration. It's best to make sure that
concentration is not divided by trying to find every possible type of error at once. This
is where paying attention to feedback from previous assessments can be of great
benefit. If your markers have pointed out, for example, that you have a tendency to use
semicolons incorrectly, and that there are certain words you persistently misspell — then
look out for those particular errors.

If you know that you have problems with a particular piece of punctuation, then
highlight or circle each instance of that punctuation mark, and check that you have
used it correctly.

Try to avoid spending hours at a time proofreading

Proofread for 20 minutes maximum. It's a task that demands a lot of attention. If you
set aside hours to proofread, then it’s easy to lose concentration and miss mistakes,
because you will become tired and bored.

Read your work aloud, exactly as punctuated

This is a gold standard for proofreading. Your ear will instantly pick up on errors that
your eye will simply glide over on the page. We have used this technique with students
from first-year to PhD level, and it always yields excellent results. You might also find
that reading your work aloud will help you spot instances where paragraph or sentence
order should be changed in order to make the work read more logically. In the longer
term, it will also give you a sense of how small punctuation errors can damage flow in
your writing, which will help you avoid these problems in future.

This will not only result in a cleaner assignment, but will also benefit your writing
style as a whole, as you will learn to pick up on awkward phrasings, or overly long
sentences. If you find it difficult at first, then ask a friend if they are willing to read it
aloud for you. Sometimes hearing your work in someone else’s voice helps give you the
distance you need in order to be critical of it.

Take some time away from the assignment

It can sometimes be difficult to get enough distance from an assignment to proofread
it effectively. If you’ve been working on something for several weeks, then you can
become too familiar with the document, and stop seeing errors. On top of that, if you
are anxious about getting a good grade, then it can be easy to get caught up in the
content as you read.

If you’ve been proofreading from the screen, try printing the document and
proofreading from the page. On top of this, change the font of the document. As
mentioned before, making the work seem unfamiliar helps you to gain distance from it
and, in turn, to be more critical of the quality.
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Pay attention to the formatting guidelines

Students often express annoyance and confusion at the fact that different departments
often have different referencing and formatting guidelines in place. In turn, markers
often express annoyance and confusion that students have not adhered to clear
formatting guidelines. It might seem awkward at first, but once you get into the habit
of reading the formatting guidelines carefully before you start, and following them
from the outset, it becomes much easier to adjust to different rules. On top of this, if
you go on to postgraduate study, and have to write for publication, you’ll find that
different journals all have their own variations on formatting. It’s good to get into the
habit now of adhering to the rules as required.

Pay close attention to details such as which unit of measurement you should use,
how to abbreviate terminology, and whether certain pieces of terminology need to be
italicized. Making sure that you follow guidelines properly helps your work attain a
higher standard, and look more professional.

Conclusion

Editing and proofreading are integral to the recursive writing process, not last-
minute additions just before the essay is handed in. As you can see, many of the
ideas here refer back to previous discussions of structure and tone. Making sure
that you carry out both processes properly will substantially improve the quality of
your work. This chapter has offered strategies to ensure that you know how to
thoroughly check every level of your work to make sure you do yourself justice in
the final draft.

You should also consider editing and proofreading a way for you to provide
feedback on your own work, giving you valuable information on your own writing
habits. If possible, try to keep notes of the types of issues that require correction at
the proofreading stage, and check these each time you have a new assignment.
This should let you track progress in your writing throughout your degree.
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Making the Most of Feedback

Why is feedback important?

Writing is part of learning. We've found that students have the tendency to treat each
assignment as a discrete experience, instead of thinking reflectively about how their
skills are developing over the course of their studies. This chapter will encourage you to
think carefully about the feedback you receive on your written work, and how you can
use it to shape your next assignment and develop as a writer.

By the time you have completed and submitted a piece of coursework, it can be
difficult to be objective about your work. You’ve spent a lot of time researching this
subject and planning and writing the assignment. As a result, you are very close to the
topic. You are also likely to be very focused on what grade you are going to achieve,
and what kind of feedback you might receive. When you get your assignments back, it
can be tempting to simply look at the grade, read over the written feedback, and then
set it aside before moving on to the next piece of coursework.

However, feedback is a valuable way for you to develop your skills and improve your
grades at every stage in academic life, from first-year undergraduate level to PhD
studies and professional academic life.

While we find that students are often keen to read the feedback on their
assignments as soon as they get it back, we also find that students can often have a
tendency to view each assignment in isolation, failing to recognize that the feedback
they receive on one report can be useful for other pieces of work too.

Markers offer feedback in order to help you improve your work in the future. They
not only look at your understanding of the subject content but also offer advice on
skills they want you to develop throughout the course of your degree: the ability to
summarize complex information; the ability to apply new knowledge to solve
problems; the ability to evaluate approaches and methods; the ability to synthesize
disparate pieces of information; and the ability to understand how your own work fits
into a wider context. Demonstrating these abilities through your writing will determine
your success in a variety of different assessment types: reports, dissertations, exams.
Taking the time to read the feedback carefully and looking over your assignment with
an objective eye will, therefore, help you to identify which areas you can strengthen for
future assignments.

How to use feedback effectively

Before you look at your own assignment in more detail, you should make sure that
you have a copy of the marking criteria for your subject. This will allow you to see
what areas the marker will have focused on when they were assessing your work, and
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should also help you gain an understanding of the skills your marker wants you to
exhibit and develop in your work. Standard areas might include: your ability to
adhere to formal structure as well as present complex information in a logical,
coherent manner; the depth of your understanding; your use of evidence, and your
ability to demonstrate its relevance to the assignment purpose; the quality and
breadth of your reading, and your ability to contextualize your own work within
that; and so on.
Table 15.1 is an example of a typical marking scheme.

Level

Grade

Descriptor

Excellent

A well-written and well-structured answer that demonstrates

a comprehensive level of knowledge. Full understanding

of concepts. Data is clearly presented and fully discussed.
References are used appropriately. Formatting guidelines have
been followed. There might be some very minor issues present.

Very Good

A mostly well-written answer that demonstrates a wide
knowledge of the subject, and evidence of additional reading.
Good understanding of concepts. Data is mostly clearly
presented and discussed in the context of wider literature.
Formatting guidelines have been followed. There might be some
minor issues present.

Good

The quality of the writing and structure is variable throughout.
Knowledge is generally solid, and evidence of reading is present,
although limited. Essential ideas are understood. Gaps or
misunderstandings in the data, leading to flawed conclusions.
Some errors in formatting. Overall, there is likely to be at least
one major content issue (gap or misunderstanding).

Satisfactory

Overall, work is limited in terms of understanding, reading
and discussion. Gaps and errors in data. Evidence of additional
reading, but limited, inappropriate, or misunderstood. Writing
and structure occasionally erratic, leading to problems in
communication. Several formatting problems.

Weak

Poorly written and structured. Understanding of basic concepts
is poor, with serious flaws. Data misunderstood and poorly
presented, with serious gaps. Reading limited. Very poorly
formatted, with multiple referencing problems.

Poor

Lack of evidence of understanding of basic concepts and subject.
Additional reading is severely limited and poorly grasped. Data
is inappropriate and misunderstood. Very poorly written, with
understanding inhibited as a result. Severe formatting and
referencing errors.

Very Poor

No attempt made to answer question.

Blank

Table 15.1

Typical marking scheme




Making the Most of Feedback 179

Now that you’ve familiarized yourself with the marking scheme, carefully read over
your assignment again, thinking about those areas that the marking scheme
specifically mentions. Try to imagine that it was written by someone else. Read it aloud
(or ask someone else to read it aloud for you). Which section of the marking scale do
you feel describes it best? Look back at Chapter 3, and consider why the marker set a
specific task, and what you were being asked to demonstrate in this particular
assignment. Have you demonstrated this? In our experience, students often
demonstrate a disconnect between their understanding of what an assignment should
be, what they produced, and the feedback they received. Bridging these gaps by
reflecting on the whole process will help you understand the strengths and weaknesses
of your work.

Now read over your work again, this time with this particular assessment in mind.
In retrospect, were there any parts that you were uncertain about while you were
writing? Or that you wish you’d been able to spend more time on? Are there any
parts that you would change now that you have some distance from the assessment?
Is this reflected in parts of the work which now perhaps seem a little weaker than the
rest to you?

Now look at the grade and marker feedback again. Do you agree with it, now that
you've read over your work with a clearer understanding of the marking criteria and
reflected on your own work?

Although it might seem unnecessary, now that the work has been graded, it can be
a valuable exercise to try to write these sections again, bearing in mind your new
understanding: gained through understanding the marking criteria, through reading
your marker’s feedback, and through your own reflections on the process.

Look at every level of the work to see what could be improved. For example:

e Were your sentences too long, tacking important ideas together without giving you
an opportunity to expand on them?

e Were there grammatical errors that might have confused your reader?

e Was your word choice imprecise, giving the impression that you didn’t fully
understand a concept, and preventing you from explaining it well?

e Was your paragraphing erratic, giving the impression that your thinking was
incoherent?

e Did your work lack connectives, giving your reader the sense that your ideas were
disconnected and without context?

This exercise will let you understand how to strengthen those areas which appeared
weak, and will ensure that you get the maximum benefit from the whole experience. It
will also boost your confidence by showing you that you do have the ability to write at
the highest level expected by your marker. If you're still confused about the grade you
have been given, then most tutors would be willing to discuss this in more detail.
Tutors spend a lot of time marking, and like to know that students are reading their
feedback carefully, and using it as a means to improve their work.

Moving on from the assignment, what steps can you take next to enhance the skills
and understanding your marker was looking for?

The assessment of your subject understanding is obviously crucial. Try to do any
extra reading that your marker might have recommended. You should speak to your
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course tutor or learning adviser if you are having difficulty grasping key concepts, or
cannot see how / why your understanding is flawed.

You should also, however, consider broader skills. Even feedback which might seem
to be entirely about your understanding of the content might have relevance for your
writing skills. Did your writing make your explanation of a concept unclear, perhaps
leading your marker to think that you didn’t fully grasp the concept? Was your wording
ambiguous? Was your description of a process overly wordy and poorly structured?
How might you do things differently to avoid this in future?

Look back over the previous chapters of this book, especially those which relate to
areas that your marker has identified as a strength or a weakness.

Peer review

Some university courses encourage a practice known as peer review.

Peer review is an activity which involves getting groups of students to assess each
other’s work, and offer feedback. This can be a very productive process. Looking at
other students’ work through a marker’s eyes can help you to get a sense of what is
considered a ‘good’ report, and why. You can then use this knowledge to inform your
work, because you’ve put yourself in the marker’s role, and now have a better idea of
what they’re looking for. This gives you greater control over the writing process,
reinforcing the idea of an audience in your head from the outset.

Setting up an informal peer review group with other students on your course is a
good way to help you understand and use the feedback you receive more effectively.
It’s often best to structure these sessions around a specific set of questions. Here’s an
example of a piece of work, and some questions that might be asked of it:

Describe the structures involved in memory and olfaction.

One of the reasons (phrasing is a bit clumsy) that smell (is olfaction a better
academic word to use here?), memory and emotion seem to be connected has to
do with the structure of the brain (Wilson and Stevenson, 2003). The amygdala,
olfactory complex, and hippocampus are all part of a larger structure known as
the limbic system. (should that have been the topic sentence?) The amygdala,
which is involved in processing memories to do with emotions such as fear and
anger (is that all it does?), plays an important role. It is located close to the primary
olfactory complex, which deals with olfaction. The amygdala has direct
connections to the hippocampus, which deals with short and long-term memory. It
can be seen to be important, for survival reasons, that mammals develop and store
memories to do with fear and anger. However, the idea that only one specific part
of the brain, the limbic system, deals with these emotions has been contested by
some neuroscientists (Heimer, 2007). (should this be the beginning of a new
paragraph?)

(Adapted from Wilson and Stevenson, 2003; Heimer et al., 2007)

Box 15.1 Example of peer-reviewed paragraph
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Remember to use the marking criteria, too. How would you assess this paragraph if
you were to use the criteria we discussed earlier? Look at the same key areas that the
marker would focus on: knowledge and understanding, evidence of wider reading,
clear presentation of data. It might not be possible to judge all this in the excerpt we
have here, but it still gives you a sense of the kind of questions that you should ask of
your own work.

In this particular paragraph, for example, you could ask bigger skills-based
questions, as well as the specific issues highlighted above. How effectively has the
writer synthesized different ideas? Not very well, from the broken look of the
structure. Have they presented complex information in a way that helps you to
understand it?

Asking questions like these helps you clearly see how writing acts as an expression of
your thinking. It might well be that this student does have a deep knowledge of these
concepts, and understands how to synthesize them into a coherent understanding, but
their writing does not express this. As their marker, you would only be able to grade
them on the work they have presented to you. This is why the structuring strategies we
have discussed, from sentence structure to paragraphing, are vital tools in allowing you
to demonstrate your abilities.

Put yourself in the marker’s shoes again. What about this paragraph? What would
you comment on? What wider observations might you make? A couple of comments
have been made to start you off.

Discuss the neurological functions involved in the processing of music.

Attempting to understand how the brain deals with music is complex (this topic
seems really big). The frontal areas of the brain seem to be involved when music
elicits an emotional response (Warren, 2008). The brains of musicians and
non-musicians seem to deal with musical input differently. Parts of the brain which
deal with issues such as motor tasks seem to exhibit structural changes. (I don’t see
the link between these two sentences.) There are similarities in how the brain deals
with music and how it deals with language. For example, Broca’s area is implicated
in both. Rhythm and tonality both involve complex processes crossing several
different structures. When the rhythm is particularly complex, even more parts of
the brain become involved, such as the cerebellum. Damage to the amygdala can
affect the emotional perception of music, according to a study carried out by
Gosselin, Peretz, Johnsen and Adolphs in 2007. Brain damage can impact musical
ability, depending on the part of the brain which is affected, and the role it
performs in terms of musical ability.

(Adapted from Warren, 2008)

Box 15.2 Example of possible marker comments
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Conclusion

We talked at the beginning of Chapter 12 about the nature of communication in
written work. If you were reading a piece of your written work aloud to your tutor,
then you would be able to get a decent sense, from facial expressions, of how they
felt about your work. If they seemed confused, you could adjust the speed or
volume of your voice, or provide extra explanations, or analogies. They could ask a
question outright if they wanted, and you could answer, reassuring them about
any apparent problems with your work.

We cannot do this in the same way in an essay, or in a report. The conversation
remains one-sided and oddly delayed until your work is graded and returned to
you, at which point your reader can respond to what you've said.

You should regard the tutor / marker’s feedback on your work, then, as a
valuable contribution to the conversation. You can get the most from it by
responding to it, as opposed to passively reading it. In turn, you can implement
your improved understanding of what readers / markers are looking for when you
are writing your process drafts.

Remember that feedback is not simply a judgement of your work, but also an
opportunity to take control of your work and improve in future assessments. Using
feedback in this way will ensure that you can extract the maximum benefit from it.

Table 15.2 shows a theoretical model of learning goals known as Bloom'’s
taxonomy. It is widely used by teachers and tutors as a way of designing
coursework and exams to help students work towards key educational goals. Look
closely at it, and think back to the sample marking criteria, or your actual marking
criteria. Think about the skills you employ when producing a piece of written work.
Does it help you understand what markers want to see in your work, and what they
value most?

Level 1 — Remember The ability to recall and replicate facts

Level 2 — Understand The ability to explain concepts

Level 3 — Apply The ability to take existing information and apply it to a new
problem

Level 4 — Analyse The ability to draw connections between ideas, identify

patterns, and identify similarities and differences

Level 5 — Evaluate The ability to judge the value of something, based on objective
analysis
Level 6 — Create The ability to create new and original work through hypothesis

or synthesis or investigation

Table 15.2 Bloom’s taxonomy (Bloom et al., 1956)



Conclusion

We started this book by expressing the hope that by giving you a thorough working
knowledge of how scientific writing works, you would feel confident enough to take
control of your writing, and see yourself as a scientific writer.

In order to do that, we led you through all the stages of producing a piece of
written work, from deconstructing the question to dealing with feedback, providing
background information along the way to help you understand how and why certain
conventions are in place. Each section of the book, Understanding Different Types of
Scientific Writing, Preparing to Write, and Getting Down to Writing, was designed with
practicality as the guiding principle: giving you information you could put into practice
immediately.

Central to our approach is reminding you that writing is a two-way street, with you
at one end, and your reader at the other. Writing is about communication. Keeping in
mind the principles behind all forms of good communication, clarity, concision, and
coherence should help you to build the foundation of the development of your own
writing style.

We also want to stress that writing ability is not static. As you produce each new
piece of written work, you will continue to develop as a writer. Remember, as we said,
to reflect on the writing process, about what seems difficult, and what seems easy, and
how to continue to improve. Look carefully at your feedback and use it as a way to
move forward. Simply by engaging with the ideas in this book, you have already
started to reflect on yourself as a writer, and laid the groundwork for further
improvement.
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Quiz answers

Concision and simplicity (p. 148)

A WN =

Detailed descriptions are necessary to understand the process.

Establishing a protocol is vital to ensure understanding of all methods used.

The majority of clinicians consider the technique effective.

The findings demonstrate that the technique had an impact on the quality of the end
product.

A survey of the literature revealed new treatment options. If there is a review, these options
will be reconsidered.

The comma (p. 156)

1

10

In order to ensure consistency, the same method of recording results was employed in each
experiment.

It is suggested that this approach should not be employed, as this is an expensive, time-
consuming technique.

The results obtained showed an increase, but this did not change our initial hypothesis.
Lithium, an alkali metal, is highly reactive.

The increase in the number of publications in this area, according to some, is due to
additional funding.

The process was observed by the principal investigator, four postgraduates, and seven
undergraduates, a practice adopted for each experiment.

There are many groups, including those in industry and policymaking, who are likely to be
interested in the results of this work.

The diatomic elements are: fluorine, chlorine, oxygen, hydrogen, nitrogen, bromine(,) and
iodine.

For those going on to further study, it is important to understand what postgraduate studies
involve, as well as the possible careers available.

In contrast, the second group of researchers opted to repeat the process five times in order to
demonstrate consistency.

The semicolon (p. 158)

1
2

1N

184

Many studies omitted this detail; in fact, it is vital.

There were four important decisions made; the first seemed vital, but it did not impact
results.

The results obtained showed an increase, but this did not change our initial hypothesis.
Lithium, an alkali metal, is highly reactive.

The diatomic elements are: fluorine, chlorine, oxygen, hydrogen, nitrogen, bromine(,) and
iodine.
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The results confirmed our initial thought; moreover, they confirmed the hypotheses of several
other studies.

When considering how this might impact future work, the researchers listed several
possibilities.

As has been discussed, there are several advantages to adopting this method, such as time,
cost, adaptability(,) and ease of use; as a result, several other research groups have followed
our example.

Some researchers like frequent informal meetings to discuss progress; others prefer a more
formal approach.

The protocol was followed carefully; however, the results still presented problems.

The colon (p. 160)

1

There was one common finding across all studies: raised levels of magnesium in the
bloodstream.

There were four important decisions made; the first seemed vital, but it did not impact
results.

The results obtained showed a change in the following: temperature, mass, and reactivity.
The diatomic elements are: fluorine, chlorine, oxygen, hydrogen, nitrogen, bromine(,)

and iodine.

The coursebook contains the following: schedule, equipment list, reading list, details of work
experience(,) and referencing guidelines.

The participants raised one important objection: lack of information on interview structure.
This study is primarily focused on sensory neuroscience: the study of how sensory information
is processed by the nervous system.

The papers were divided into three distinct categories based on content: papers which
focused on clinical interventions; papers which focused on a public health approach; and
papers which focused on policy.
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