How to Writea PhD Thesis

Getting Started

When you are about to begin, writing a thesis seems a long, difficult task.
That isbecauseit isalong, difficult task. Fortunately, it will seem less
daunting once you have a couple of chapters done. Towardsthe end, you
will even find your self enjoying it---an enjoyment based on satisfaction in
the achievement, pleasurein theimprovement in your technical writing,
and of cour se the approaching end. Like many tasks, thesiswriting usually
seemswor st beforeyou begin, so let uslook at how you should make a
Start.

An outline

First make up athesisoutline: several pages containing chapter headings,
sub-headings, some figuretitles (to indicate which results go where) and
per haps some other notes and comments. Thereisa section on chapter
order and thesisstructureat the end of thistext. Once you havea list of
chaptersand, under each chapter heading, a reasonably complete list of
thingsto bereported or explained, you have struck a great blow against
writer'sblock. When you sit down to type, your aim isno longer athesis---a
daunting goal---but something simpler. Your new aim isjust towritea
paragraph or section about one of your subheadings. It helpsto start with
an easy one: this getsyou into the habit of writing and givesyou self-
confidence. In an experimental thesis, the Materials and M ethods chapter
Isoften the easiest to write— just write down what you did; car efully,
formally and in alogical order.

How do you make an outline of a chapter ? For most of them, you might try
the method that | usefor writing papers, and which | learned from my
thesisadviser (Stjepan Marcelja): Assembleall thefiguresthat you will use
in it and put them in the order that you would useif you were going to
explain to someone what they all meant. You might aswell rehearse
explaining it to someone else---after all you will probably give several talks
based on your thesiswork. Once you have found the most logical order,
note down the key words of your explanation. These key words providea
skeleton for much of your chapter outline.



Once you have an outline, discussit with your adviser. Thisstep is
important: s’hewill have useful suggestions, but it also serves notice that
s/he can expect a steady flow of chapter draftsthat will make high priority
demandson hig’her time. Once you and your adviser have agreed on a
logical structure, shewill need a copy of thisoutlinefor reference when
reading the chapterswhich you will probably present out of order. If you
have a co-adviser, discuss the outline with him/her aswell, and present all
chaptersto both advisersfor comments.

Organisation

It isencouraging and helpful to start afiling system. Open a wor d-
processor filefor each chapter and onefor the references. You can put notes
in thesefiles, aswell astext. While doing something for Chapter n, you will
think " Oh | must refer back to/discussthisin Chapter m" and so you put a
noteto do soin thefilefor Chapter m. Or you may think of something
Interesting or relevant for that chapter. When you cometo work on
Chapter m, the mor e such notes you have accumulated, the easier it will be
towrite.

Make a back-up of these files and do so every day at least (depending on the
reliability of your computer and the age of your disk drive). Do not keep
back-up closeto the computer in case the hypothetical thief who fancies
your computer decidesthat s/he could use some disks or membory aswell.

A simpleway of making a remote back-up isto send it asan email
attachment to a consenting email correspondent, preferably onein a
different location. You could also send it to yourself. In either case, be

car eful to dispose of superseded versions so that you don't waste disk space,
especially if you have bitmap images or other largefiles.

Y ou should also have a physical filing system: a collection of folderswith
chapter numberson them. Thiswill make you feel good about getting
started and also help clean up your desk. Your fileswill contain not just the
plots of results and pages of calculations, but all sorts of old notes,
references, calibration curves, suppliers addresses, specifications,
speculations, lettersfrom colleagues etc., which will suddenly strike you as
relevant to one chapter or other. Stick them in that folder. Then put all the
foldersin abox or afiling cabinet. Asyou write bitsand pieces of text,
place the hard copy, thefiguresetc in these foldersaswell. Touch them and
fedl their thickness from timeto time - ah, the thesisistaking shape.

If any of your data exist only on paper, copy them and keep the copy in a
different location. Consider making a copy of your lab book. Thishas



another purpose beyond security: usually the lab book staysin the lab, but
you may want a copy for your own future use. Further, scientific ethics
requireyou to keep lab books and original data for at least ten years, and a
copy ismorelikely to be found if two copies exist.

If you haven't already done so, you should archive your electronic data, in
an appropriate format. Spreadsheet and word processor filesare not
suitable for long term storage. Archiving data by Joseph Slater isa good
guide.

While you are getting organised, you should deal with any university
paperwor k. Examiners have to be nominated and they haveto agreeto
serve. Variousformsarerequired by your department and by the
university administration. Make surethat therate limiting step is your
production of thethesis, and not some minor bureaucratic problem.

A note about word processor s

One of thebig FAQsfor scientists: isthereaword processor, ideally one
compatible with MSWord, but which allows you to type mathematical
symbols and equations conveniently? One solution isLaTeX, which is
power ful, elegant, reliable, fast and free from http://www.latex-project.or g/
or http://www.miktex.org/. The standard equation editor for MSWord is
point and click, so extremely slow and awkward. In many versions, Word's
equation editor can bereached via hotkey Alt-equals, and takes pseudo
latex typed input (eg X_1 convertsto X subscript 1) upon the next space or
operator. It uses some different formats- eg () rather than the {} of latex to
group thingsand interpretsdivisonsrather than having to use \frac.
Here'salink: http://blogs.msdn.com/b/murrays/ar chive/2008/02/17/hidden-
math-featur es-in-wor d-2007.aspx

It has been useful to know these asit seems biologists and latex don't mix!

A timetable

| strongly recommend sitting down with the adviser and making up a
timetable for writingit: alist of datesfor when you will givethefirst and
second drafts of each chapter to your adviser(s). Thisstructuresyour time
and providesintermediate targets. If you merely aim " to have thewhole
thing done by [some distant date]", you can deceive your self and
procrastinate more easly. I f you havetold your adviser that you will
deliver afirst draft of chapter 3 on Wednesday, it focusesyour attention.

You may want to make your timetableinto a chart with itemsthat you can
check off asyou have finished them. Thisis particularly useful towardsthe



end of the thesiswhen you find there will be quite a few loose ends here and
there.

Iterative solution

Whenever you sit down to write, it isvery important to write something. So
write something, even if it isjust a set of notes or a few paragraphs of text
that you would never show to anyone else. It would be niceif clear, precise
prose leapt easily from the keyboard, but it usually does not. Most of us
find it easier, however, to improve something that isalready written than to
produce text from nothing. So put down a draft (asrough asyou like) for
your own purposes, then clean it up for your adviser toread. Word-
processor s arewonderful in thisregard: in thefirst draft you do not have
to start at the beginning, you can leave gaps, you can put in little notesto
your self, and then you can clean it all up later.

Your adviser will expect to read each chapter in draft form. S/hewill then
return it to you with suggestions and comments. Do not be upset if a
chapter---especially the first one you write--- returns covered in red ink (or its
electronic equivalent). Your adviser will want your thesisto be asgood as
possible, because hig’her reputation aswell asyoursis affected. Scientific
writing isadifficult art, and it takesa whileto learn. Asa consequence,
therewill be many ways in which your first draft can be improved. So take
a positive attitude to all the scribbles with which your adviser decorates
your text: each comment tellsyou a way in which you can make your thesis
better.

Asyou writeyour thess, your scientific writing isamost certain to
improve. Even for native speakers of English who writevery well in other
styles, one notices an enor mous improvement in thefirst draftsfrom the
first to the last chapter written. The process of writing thethesisislikea
coursein scientificwriting, and in that sense each chapter islikean
assignment in which you ar e taught, but not assessed. Remember, only the
final draft isassessed: the more comments your adviser addsto first or
second draft, the better.

Before you submit a draft to your adviser, run a spell check so that s’lhe
does not waste time on those. If you have any char acteristic grammatical
failings, check for them.



What isa thesis? For whom isit written? How should it bewritten?

Your thesisisaresearch report. Thereport concernsa problem or series of
problemsin your area of research and it should describe what was known
about it previoudy, what you did towards solving it, what you think your
results mean, and where or how further progressin thefield can be made.
Do not carry over your ideas from under graduate assessment: athesisis
not an answer to an assignment question. One important differenceisthis:
thereader of an assignment isusually the onewho has set it. She already
knowsthe answer (or one of the answers), not to mention the background,
theliterature, the assumptions and theories and the strengths and
weaknesses of them. Thereaders of athesisdo not know what the
"answer" is. If thethesisisfor a PhD, the university requiresthat it make
an original contribution to human knowledge: your research must discover
something hitherto unknown.

Obvioudly your examinerswill read thethesis. They will be expertsin the
general field of your thesis but, on the exact topic of your thesis, you arethe
world expert. Keep thisin mind: you should write to make thetopic clear
to areader who has not spent most of the last three yearsthinking about it.

Your thesiswill also be used as a scientific report and consulted by future
workersin your laboratory who will want to know, in detail, what you did.
Theses ar e occasionally consulted by people from other institutions, and the
library sends microfilm versionsif requested (yes, still). More commonly
theses are now stored in an entirely digital form. These may be stored as
Jpdf fileson aserver at your university. The advantageisthat your thesis
can be consulted much more easily by resear chersaround theworld. (See
e.g. Australian digital thesis project for the digital availability of research
theses.) Write with these possibilitiesin mind.

It is often helpful to have someone other than your adviser(s) read some
sections of thethesis, particularly theintroduction and conclusion chapters.
It may also be appropriateto ask other members of staff to read some
sections of the thesiswhich they may find relevant or of interest, asthey
may be able to make valuable contributions. I n either case, only give them
revised versions, so that they do not waste time correcting your grammar,
spelling, poor construction or presentation.

How much detail ?

The short answer is: rather morethan for a scientific paper. Once your
thesis has been assessed and your friends haveread thefirst three pages,
theonly further readersarelikely to be people who are seriously doing



research in just that area. For example, a futureresearch student might be
pursuing the sameresearch and beinterested to find out exactly what you
did. (" Why doesn't the widget that Bloggs built for her project work any
more? Wher e sthe circuit diagram? I'll ook up her thesis." " Blow's
subroutine doesn't converge in my parameter space! I'll haveto look up his
thesis." "How did that group in Sydney manage to get that techniqueto
work? I'll order a microfilm of that thesisthey cited in their paper.") For
Important parts of apparatus, you should include workshop drawings,
circuit diagrams and computer programs, usually as appendices. (By the
way, theintelligible annotation of programsisabout as frequent as porcine
aviation, but it isfar more desirable. You wrotethat line of code for a
reason: at the end of theline explain what thereason is.) You have
probably read the theses of previous studentsin the lab where you are now
working, so you probably know the advantages of a clearly explained,
explicit thesisand/or the disadvantages of a vague one.

Makeit clear what isyours

If you use aresult, observation or generalisation that isnot your own, you
must usually statewherein the scientific literaturethat result isreported.
The only exceptions ar e cases where every researcher in thefield already
knowsit: dynamics equations need not be followed by a citation of Newton,
circuit analysisdoes not need a reference to Kirchoff. The importance of
thispracticein scienceisthat it allowsthereader to verify your starting
position. Physicsin particular issaid to bea vertical science: resultsare
built upon resultswhich in turn are built upon results etc. Good
referencing allows us to check the foundations of your additionsto the
structure of knowledge in the discipline, or at least to trace them back to a
level which we judgeto bereliable. Good referencing also tellsthe reader
which partsof the thesis are descriptions of previous knowledge and which
partsareyour additionsto that knowledge. In athesis, written for the
general reader who haslittle familiarity with theliterature of thefield, this
should be especially clear. It may seem tempting to leave out areferencein
the hope that a reader will think that a niceidea or an nice bit of analysisis
yours. | advise against thisgamble. Thereader will probably think: " What
aniceidea---1 wonder if it'soriginal?". Thereader can probably find out
viathenet or thelibrary.

If you arewriting in the passive voice, you must be mor e car eful about
attribution than if you arewriting in the active voice. " The sample was
prepared by heating yttrium..." does not makeit clear whether you did this
or whether Acme Yttrium did it. " | prepared the sample..." isclear.



Style

Thetext must be clear. Good grammar and thoughtful writing will make
thethesiseasier toread. Scientific writing hasto be alittle formal---more
formal than thistext. Native English speakers should remember that
scientific English isan international language. Slang and informal writing
will be harder for a non-native speaker to under stand.

Short, ssimple phrases and wor ds are often better than long ones. Some
politiciansuse " at thispoint in time" instead of " now" precisely because it
takes longer to convey the same meaning. They do not care about elegance
or efficient communication. You should. On the other hand, therewill be
times when you need a complicated sentence becausetheideais
complicated. If your primary statement requires several qualifications,
each of these may need a subordinate clause: " When [qualification], and
wher e [proviso], and if [condition] then [statement]” . Some lengthy
technical wordswill also be necessary in many theses, particularly in fields
like biochemistry. Do not sacrifice accuracy for the sake of brevity. " Black
Iswhite" issimple and catchy. An advertising copy writer would loveit.

" Objects of very different albedo may beilluminated differently so asto
produce similar reflected spectra” islonger and usesless common words,
but, compared to the former example, it hasthe advantage of being true.
Thelonger examplewould befinein a physicsthesis because English
speaking physicists will not have trouble with thewords. (A physicist who
did not know all of those wordswould probably be glad to remedy the
lacuna either from the context or by consulting a dictionary.)

Sometimesit iseasier to present information and arguments as a series of
numbered points, rather than asone or morelong and awkward
paragraphs. A list of pointsisusually easier to write. You should be car eful
not to use this presentation too much: your thesis must be a connected,
convincing argument, not just a list of facts and observations.

One important stylistic choice is between the active voice and passive voice.
The active voice (" | measured thefrequency...") issimpler, and it makes
clear what you did and what was done by others. The passive voice (" The
frequency was measured..." ) makesit easier to write ungrammatical or
awkwar d sentences. If you use the passive voice, be especially wary of
dangling participles. For example, the sentence " After considering all of
these possible materials, plutonium was selected" implicitly attributes
consciousness to plutonium. This choiceisa question of taste: | prefer the
active becauseit isclearer, morelogical and makes attribution smple. The
only arguments| have ever heard for avoiding the activevoicein athesis



are (i) many thesesarewritten in the passive voice, and (ii) some very polite
peoplefind theuseof " 1" immodest. Usethefirst person singular, not
plural, when reporting work that you did yourself: the editorial 'we' may
suggest that you had help beyond that listed in your acknowledgments, or it
may suggest that you are trying to share any blame. On the other hand,
retain plural verbsfor " data": " data" istheplural of " datum”, and lots of
scientistslike to preserve the distinction. Just say to yourself " onedatum is
" "thesedataare.." several times. An excellent and widely used reference
for English grammar and styleis A Dictionary of Modern English Usage by
H.W. Fowler.

Presentation

Thereisno need for athesisto be a master piece of desk-top publishing.
Your time can be mor e productively spent improving the content than the
appearance.

In many cases, a reasonably neat diagram can be drawn by hand faster
than with a graphics package, and you can scan it if you want an electronic
version. Either isusually satisfactory. A one bit (i.e. black and white),
moder ate r esolution scan of a hand-drawn sketch will be bigger than aline
drawing generated on a graphics package, but not huge. While talking
about the size of files, we should mention that photographs look pretty but
take up alot of memory. There'sanother important difference, too. The
photographer thought about the camera angle and the focus etc. The

per son who drew the schematic diagram thought about what components
ought to be depicted and the way in which the components of the system
interacted with each other. So the numerically small infor mation content of
theline drawing may be much more useful information than that in a
photograph.

Another note about figures and photographs. In the digital version of your
thesis, do not save ordinary photographs or other illustrations as bitmaps,
because these take up alot of memory and arethereforevery sow to
transfer. Nearly all graphics packages allow you to save in compr essed
format as.jpg (for photos) or .gif (for diagrams) files. Further, you can
save space/speed things up by reducing the number of colours. I'n vector
graphics (asused for drawings), compression is usually unnecessary.

In general, students spend too much time on diagrams---time that could
have been spent on examining the arguments, making the explanations
clearer, thinking mor e about the significance and checking for errorsin the
algebra. Thereason, of course, isthat drawing iseasier than thinking.



| do not think that thereisa strong correlation (either way) between length
and quality. Thereisno need to leave big gaps to makethethesisthicker.
Readerswill not appreciate large amounts of vague or unnecessary text.

Approaching theend

A deadlineisvery useful in someways. You must hand in thethesis, even if
you think that you need one moredraft of that chapter, or someone else's
comments on this section, or some other refinement. If you do not have a
deadline, or if you arethinking about postponing it, please take note of
this: A thesisisa very large work. It cannot be made perfect in a finite time.
Therewill inevitably bethingsin it that you could have done better. There
will be inevitably be sometypos. Indeed, by somelaw related to Murphy's,
you will discover one when you first flip open the bound copy. No matter
how much you reflect and how many times you proof read it, therewill be
somethingsthat could beimproved. Thereisno point hoping that the
examinerswill not notice: many examinersfeel obliged to find some
examples of improvements (if not outright errors) just to show how
thoroughly they haveread it. So set yourself a deadline and stick toit.
Makeit asgood asyou can in that time, and then hand it in! (In retrospect,
therewas an advantage in writing athesisin the days before word
processor s, spelling checker s and typing programs. Students often paid a
typist to produce the final draft and could only afford to do that once.)

How many copies?

Talk to your adviser about this. Aswell asthosefor the examiners, the
university libraries and your self, you should make some distribution
copies. These copies should be sent to other researcherswho areworking in
your field so that:

they can discover what marvellouswork you have been doing before
it appearsin journals,

they can look up thefine details of methods and results that will or
have been published more briefly elsewhere;

they can realise what an excellent researcher you are. Thisrealisation
could be useful if a post- doctoral position were availablein their
labs. soon after your submission, or if they werereviewers of your

r esear ch/post-doctor al proposal. Even having your namein their
bookcases might be an advantage.

Whatever the University's policy on single or double-sided copies, the
distribution copies could be double-sided paper, or digital, so that forests
and postage accounts are not excessively depleted by the exercise. Your



adviser could help you to make up a list of interested and/or potentially
useful people for such a mailing list. Your adviser might also help by
funding the copies and postageif they are not covered by your scholar ship.
A CD with your thesiswill be cheaper than a paper copy. You don't haveto
burn them all your self: companies make multiple copiesfor several dollars
a copy.

The following comment comes from Marilyn Ball of the Australian
National University in Canberra: " When | finished writing my thesis, a
postdoc wisely told meto give a copy to my parents. | would never have
thought of doing that as| just couldn't imagine what they would do with it.
I'm very glad to have taken that advice as my parentsreally appreciated
receiving a copy and proudly displayed it for years. (My mother never
finished high school and my father worked with trucks - he fixed ‘em, built
‘em, drove'em, sold 'em and junked 'em. Nevertheless, they enjoyed having
a copy of my thesis.)"

Per sonal

In theideal situation, you will be able to spend a large part---perhaps a

maj ority---of your timewriting your thesis. Thismay be bad for your

physical and mental health.

Typing
Set up your chair and computer properly. The Health Service,
professional keyboard usersor perhaps even the school safety officer
will be ableto supply charts showing recommended relative heights,
healthy postures and also exer cises that you should do if you spend a
lot of time at the keyboard. These last are worthwhileinsurance: you
do not want the extra hassle of back or neck pain. Try to intersperse
long sessions of typing with other tasks, such asreading, drawing,
calculating, thinking or doing resear ch.

If you do not touch type, you should learn to do so for the sake of
your neck aswell asfor productivity. There are several good
softwar e packages that teach touch typing interactively. If you use
onefor say 30 minutes a day for a couple of weeks, you will be ableto
touch type. By thetime you finish the thesis, you will be able to touch
type quickly and accurately and your six hour investment will have
paid for itself. Be careful not to usethetyping exercisesasa
displacement activity.

Exercise
Do not give up exercisefor theinterim. Lack of exercise makesyou
feel bad, and you do not need anything else making you feel bad



whilewriting a thesis. 30-60 minutes of exercise per day is probably
not timelost from your thesis: | find that if | do not get regular
exercise, | sleep less soundly and longer. How about walking to wor k
and home again? (Walk part of theway if your homeisdistant.)
Many people opine that a walk helpsthem think, or clearsthe head.
You may find that an occasional stroll improvesyour productivity.

Food
Do not forget to eat, and make an effort to eat healthy food. Y ou
should not losefithessor risk illnessat thiscritical time. Exerciseis
good for keeping you appetite at a healthy level. | know that you have
little time for cooking, but keep a supply of fresh fruit, vegetables
and bread. It takeslesstime to make a sandwich than to goto the
local fast food outlet, and you will feel better afterwards.

Drugs
Thesiswritershavealong tradition of using coffee as a stimulant and
alcohol or marijuana asrelaxants. (Use of alcohol and coffeeislegal,
use of marijuanaisnot.) Used in moderation, they do not seem to
haveill effects on the quality of thesis produced. Excesses, however,
are obvioudly counter-productive: several espressi and you will be
buzzing too much to sit down and work; several drinks at night will
slow you down next day.

Others
Other peoplewill be sympathetic, but do not take them for granted.
Spouses, lovers, family and friends should not be undervalued. Spend
sometime with them and, when you do, have a good time. Do not
spend your time together complaining about your thesis: they
already resent the thesis because it is keeping you away from them. If
you can find another student writing a thesis, then you may find it
therapeutic to complain to each other about advisersand difficulties.
S/he need not bein the samedisciplineasyou are.

Coda

Keep going---you'renearly there! Most PhDswill admit that therewere
times when we thought about reasons for not finishing. But it would be
crazy to give up at thewriting stage, after yearsof work on the research,
and it would be something toregret for along time.

Writing a thesisistough wor k. One anonymous post doctoral resear cher
told me: " You should tell everyone that it's going to be unpleasant, that it
will messup their lives, that they will haveto give up their friends and their
social livesfor awhile. It'satough period for almost every student." She's
right: it iscertainly hard work, it will probably be stressful and you will



have to adapt your rhythm toit. It isalso an important rite of passage and
the satisfaction you will feel afterwardsiswonderful. On behalf of scholars
everywhere, | wish you good luck!

A suggested thesis structure

Thelist of contents and chapter headings below is appropriate for some
theses. | n some cases, one or two of them may beirrelevant. Results and
Discussion are usually combined in several chaptersof athesis. Think
about the plan of chaptersand decide what isbest to report your work.
Then make a list, in point form, of what will go in each chapter. Try to
make thisrather detailed, so that you end up with alist of pointsthat
correspondsto subsections or even to the paragraphs of your thesis. At this
stage, think hard about thelogic of the presentation: within chapters, it is
often possible to present theideasin different order, and not all
arrangementswill be equally easy to follow. | f you make a plan of each
chapter and section before you sit down to write, the result will probably be
clearer and easier toread. It will also be easier towrite.
Copyright waiver
Your institution may have aform for this (UNSW does). I n any case,
this standard page givesthe university library theright to publish the
work, possibly by microfilm or other medium. (At UNSW, the
Postgraduate Student Office will give you a thesis pack with various
guide-lines and rules about thesis format. Make surethat you consult
that for itsformal requirements, aswell asthisrather informal
guide.)
Declaration
Check thewording required by your institution, and whether thereis
a standard form. Many universitiesrequire something like: " |
her eby declare that this submission ismy own work and that, to the
best of my knowledge and belief, it contains no material previously
published or written by another person nor material which to a
substantial extent has been accepted for the award of any other
degree or diploma of the university or other institute of higher
lear ning, except wher e due acknowledgment has been madein the
text. (signature/name/date)”
Title page
This may vary among institutions, but asan example:
Titlelauthor/" A thesis submitted for the degree of Doctor of
Philosophy in the Faculty of Science/The University of New South
Wales' /date.



Abstract
Of all your thesis, thispart will bethe most widely published and
most read becauseit will be published in Dissertation Abstracts
International. It is best written towardsthe end, but not at thevery
last minute because you will probably need several drafts. It should
be adistillation of thethesis: a concise description of the problem(s)
addressed, your method of solving it/them, your results and
conclusions. An abstract must be self-contained. Usually they do not
contain references. When areferenceisnecessary, its details should
beincluded in thetext of the abstract. Check theword limit.
Remember: even though it appears at the beginning, an abstract is
not an introduction. It isarésumé of your thesis.

Acknowledgments
Most thesisauthors put in a page of thanksto those who have helped
them in matter s scientific, and also indirectly by providing such
essentials as food, education, genes, money, help, advice, friendship
etc. If any of your work is collaborative, you should make it quite clear
who did which sections.

Table of contents
Theintroduction startson page 1, the earlier pages should have
roman numerals. It helpsto have the subheadings of each chapter, as
well asthe chapter titles. Remember that thethesis may be used asa
referencein thelab, soit helpsto be ableto find thingseasly.

Introduction
What isthe topic and why isit important? State the problem(s) as
simply asyou can. Remember that you have been working on this
project for afew years, so you will bevery closetoit. Try to step
back mentally and take a broader view of the problem. How doesit
fit into the broader world of your discipline?

Especially in theintroduction, do not overestimatethereader's
familiarity with your topic. You arewriting for researchersin the
general area, but not all of them need be specialistsin your particular
topic. It may help to imagine such a person---think of some

resear cher whom you might have met at a conference for your
subject, but who wasworking in a different area. Sheisintelligent,
has the same general background, but knowslittle of theliterature or
tricksthat apply to your particular topic.

Theintroduction should beinteresting. If you borethereader here,
then you are unlikely to revive hislher interest in the materials and
methods section. For thefirst paragraph or two, tradition per mits

prosethat islessdry than the scientific norm. If want to wax lyrical



about your topic, hereistheplaceto doit. Try to makethereader
want to read the heavy bundlethat hasarrived uninvited on his/her
desk. Gotothelibrary and read several thesisintroductions. Did any
make you want to read on? Which oneswere boring?

This section might go through several draftsto makeit read well and
logically, while keeping it short. For thissection, | think that itisa
good idea to ask someone who isnot a specialist toread it and to
comment. Isit an adequate introduction? Isit easy to follow? There
Isan argument for writing this section---or least making a major
revision of it---towardsthe end of thethesiswriting. Your
introduction should tell wherethethesisisgoing, and this may
become clearer during thewriting.

Literaturereview
Wher e did the problem come from? What is alr eady known about
this problem? What other methods have been tried to solveit?

Ideally, you will already have much of the hard work done, if you
have been keeping up with theliterature asyou vowed to do three
year s ago, and if you have made notes about important papers over
theyears. If you have summarised those papers, then you have some
good starting pointsfor thereview.

If you didn't keep your literature notesup to date, you can still do
something useful: pass on the following advice to any beginning PhD
studentsin your lab and tell them how useful thiswould have been to
you. When you start reading about a topic, you should open a spread
sheet file, or at least a word processor file, for your literaturereview.
Of courseyou writedown thetitle, authors, year, volume and pages.
But you also write a summary (anything from a couple of sentences
to a couple of pages, depending on therelevance). In other columns
of the spread sheet, you can add key words (your own and theirs) and
comments about itsimportance, relevance to you and its quality.

How many papers? How relevant do they have to be before you
include them? Well, that isa matter of judgement. On the order of a
hundred isreasonable, but it will depend on thefield. You arethe
world expert on the (narrow) topic of your thesis: you must
demonstratethis.

A political point: make surethat you do not omit relevant papers by
resear cherswho areliketo beyour examiners, or by potential



employersto whom you might be sending the thesisin the next year
or two.

Middle chapters

In some theses, the middle chaptersarethejournal articles of which
the student was major author. Thereare several disadvantagesto
thisformat.

Oneisthat athesisisboth allowed and expected to have mor e detail
than ajournal article. For journal articles, one usually hasto reduce
the number of figures. In many cases, all of the interesting and
relevant data can go in thethesis, and not just those which appeared
in thejournal. The degree of experimental detail isusually greater in
athesis. Relatively often aresearcher requestsathesisin order to
obtain more detail about how a study was perfor med.

Another disadvantageisthat your journal articles may have some
common material in theintroduction and the" Materials and
Methods" sections.

The exact structurein the middle chapterswill vary among theses. In
sometheses, it is necessary to establish sometheory, to describethe
experimental techniques, then to report what was done on several
different problemsor different stages of the problem, and then
finally to present a model or a new theory based on the new work.
For such athesis, the chapter headings might be: Theory, Materials
and Methods, {first problem}, {second problem}, {third problem},
{proposed theory/model} and then the conclusion chapter. For other
theses, it might be appropriateto discuss different techniquesin
different chapters, rather than to have a single Materials and

M ethods chapter.

Her e follow some comments on the elements Materials and M ethods,
Theory, Results and discussion which may or may not correspond to
thesis chapters.

Materials and M ethods
Thisvaries enormously from thesisto thesis, and may be absent in
theoretical theses. It should be possible for a competent resear cher to
reproduce exactly what you have done by following your description.
Thereisagood chancethat thistest will be applied: sometime after
you have left, another researcher will want to do a similar



experiment either with your gear, or on a new set-up in aforeign
country. Please writefor the benefit of that researcher.

In some theses, particularly multi-disciplinary or developmental
ones, there may be mor e than one such chapter. In this case, the
different disciplines should beindicated in the chapter titles.

Theory
When you arereporting theor etical work that isnot original, you will
usually need to include sufficient material to allow the reader to
under stand the arguments used and their physical bases. Sometimes
you will be able to present the theory ab initio, but you should not
reproduce two pages of algebra that thereader could find in a
standard text. Do not include theory that you are not going torelate
to thework you have done.

When writing this section, concentrate at least as much on the
physical arguments as on the equations. What do the equations
mean? What are theimportant cases?

When you arereporting your own theoretical work, you must include
rather more detail, but you should consider moving lengthy
derivationsto appendices. Think too about the order and style of
presentation: theorder in which you did the work may not be the
clearest presentation.

Suspenseisnot necessary in reporting science: you should tell the
reader whereyou are going before you start.

Results and discussion
Theresultsand discussion are very often combined in theses. Thisis
sensible because of the length of a thesis: you may have several
chaptersof resultsand, if you wait till they are all presented before
you begin discussion, the reader may have difficulty remembering
what you aretalking about. The division of Results and Discussion
material into chaptersisusually best done according to subject
matter.

Make surethat you have described the conditions which obtained for
each set of results. What was held constant? What werethe other
relevant parameters? Make suretoo that you have used appropriate
statistical analyses. Wher e applicable, show measurement errorsand
standard errorson the graphs. Use appropriate statistical tests.



Take careplotting graphs. Theorigin and inter cepts ar e often
Important so, unlessthe ranges of your data makeit impractical, the
zeros of oneor both scales should usually appear on thegraph. You
should show error barson thedata, unlesstheerrorsarevery small.
For single measur ements, the bar s should be your best estimate of the
experimental errorsin each coordinate. For multiple measurements
these should includethe standard error in thedata. Theerrorsin
different data ar e often different, so, wherethisisthe case,
regressions and fits should be weighted (i.e. they should minimizethe
sum of squares of the differences weighted inversely asthe size of the
errors.) (A common failing in many simple softwar e packages that
draw graphsand do regressionsisthat they do not treat errors
adequately. UNSW student Mike Johnston haswritten a plotting
routine that plots data with error barsand performsweighted least
squareregressions. It isat

http://www.phys.unsw.edu.au/3r dyearlab/graphing/graph.html). You
can just 'paste your datainto theinput and it generatesa .psfile of
the graph.

In most cases, your results need discussion. What do they mean?
How do they fit into the existing body of knowledge? Arethey
consistent with current theories? Do they give new insights? Do they
suggest new theories or mechanisms?

Try to distance yourself from your usual perspective and look at your
work. Do not just ask yourself what it meansin terms of the
orthodoxy of your own research group, but also how other peoplein
thefield might seeit. Doesit have any implications that do not relate
to the questions that you set out to answer ?

Final chapter, references and appendices

Conclusions and suggestionsfor further work
Your abstract should include your conclusionsin very brief form,
because it must also include some other material. A summary of
conclusionsisusually longer than thefinal section of the abstract,
and you have the space to be mor e explicit and mor e careful with
qualifications. You might find it helpful to put your conclusionsin
point form.

It is often the case with scientific investigations that mor e questions
than answers are produced. Does your work suggest any interesting
further avenues? Aretherewaysin which your work could be



improved by futureworkers? What arethe practical implications of
your work?

This chapter should usually be reasonably short---a few pages
per haps. Aswith theintroduction, | think that it isa good idea to ask
someone who is not a specialist to read this section and to comment.

References (See also under literaturereview)
It istempting to omit thetitles of the articles cited, and the university
allowsthis, but think of all the timeswhen you have seen areference
in a paper and goneto look it up only to find that it was not helpful
after all.

Should you reference web sitesand, if so, how? If you cite ajournal
articleor book, thereader can goto alibrary and check that the
cited document and check whether or not it sayswhat you say it did.
A web site may disappear, and it may have been updated or changed
completely. So referencesto theweb are usually less satisfactory.
Nevertheless, there are some very useful and authoritative sour ces.
So, if therules of your institution permit it, it may be appropriate to
citeweb sites. (Be cautious, and don't over use such citations. In
particular, don't use a web citation where you could reasonably use a
"hard" citation. Remember that your examinersarelikely to be
older and more conservative.) You should givethe URL and also the
dateyou downloaded it. If thereisa date on the siteitself (last
updated on .....) you should included that, too.

Appendices
If thereismaterial that should bein the thesis but which would
break up theflow or borethereader unbearably, includeit asan
appendix. Some thingswhich aretypically included in appendices
are: important and original computer programs, datafilesthat are
too largeto berepresented simply in theresults chapters, picturesor
diagrams of resultswhich are not important enough to keep in the
main text.



