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Abstract

This document describes what I believe are the basic principles of good technical writing. The ideas described here are, apart from fairly minor exceptions, not my own. They are drawn from a range of excellent books and have also been influenced by various outstanding authors I have had the pleasure of working with. Thus, the ideas presented here represent some kind of a modern consensus. The ideas are quite different from the rather formal style of traditional scientific writing, where long complicated sentences written in the third person, passive style are typical. In fact, part of the motivation for writing these pages is to tell a wider audience that there is a better way of writing than what has in the past been accepted and even recommended. The approach described here emphasises simplicity and informality. It is better in an empirical sense: extensive tests carried out on different subjects confirm that, for almost all, it is much easier to understand writing in this kind of style.

Document Change History

Version 1.0,  11 September 2000: Derived from Norman Fenton's 'Good Writing' web pages.

Version 2.0, 21 September 2001. Minor changes including addition of student project guidelines
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Introduction

These pages are written primarily for students and research assistants, but obviously I feel that anybody could benefit from them. The emphasis is on written reports, rather than on web pages, although some of the principles are just as relevant for the latter. 

I do not expect everybody to agree with all the ideas; the principles of good writing, both syntactic and semantic, are a matter of taste. However, I do have quite strong feelings and I certainly expect my own students and research staff to abide by the principles described here when presenting their work to me. 

One of the good things about technical writing is that you really can learn to improve. I do not agree with those people who believe that being a good writer is a natural ability that you either have or don't have. We are talking here about presenting technical reports and not about writing novels (although I feel even the best novel writers could improve by adopting the principles described here). I speak from some experience in this respect, because in the last ten years I have myself learned these ideas and applied them to become a better writer. When I was writing my first book in 1989 an outstanding technical editor highlighted the many problems with my writing. Specifically I was guilty of many of the examples of bad practice highlighted here. You can improve your writing significantly if you are aware of what these bad practices are and how to avoid them.

The report begins by describing the 'syntax' of technical writing in Section 2 - this section explains the basic structure that you should follow for all reports. The main set of recommendations for good writing (the 'semantics') is contained in Section 3. There then follows two sections dealing with special topics - writing abstracts (Section 4) and writing mathematics (Section 5). 

Basic Structure for Reports

Although these pages are primarily about improving the content of your writing (by understanding principles of good style) it is important that you first learn what is the required structure of a technical document. Thus, this section describes the syntax of technical writing, as opposed to its semantics. Take careful note of this section: there is never any excuse to get the syntax wrong. The section covers: what every report should contain (Section 2.1); Sections and section numbering (Section 2.2); the role of introductions (Section 2.3); Figures and tables (Section 2.4). Finally there is a section about student project reports (Section 2.5)

1.1 What every report should contain
Make sure every report contains the following basic information:

· Title

· Author name(s), affiliation and contact details

· Date

· Version number

· Abstract (if more than 5 pages)

· Page numbers 

· Table of contents (if more than 10 pages)

· Conclusions (if more than 5 pages)

It is incredible how many reports I receive that fail to contain this basic information (students, for example, often fail to put their name on their reports).

The first five items above must appear on the front page.

Ideally, each page should have a header and a footer (in MS Word you create headers and footers from the View menu). The header should contain the author, title, and version number. The footer should contain the date and page number.

Page numbers should appear preferably in the form "Page n/m" where m is total number of pages. In Word it is easy to generate the number corresponding to total number of pages automatically - just insert the field "NUMPAGES" (click on Insert/Field menu and then just click on the NUMPAGES). 

Any report that is subject to a review procedure should also contain a 'change history' page, where the version numbers and dates are listed with the main changes that were made.

1.2 Sections and section numbering
Any report longer than 3 pages (in other words, anything other than a memo) should be broken up into sections using the following principles: 

· Sections should be numbered (preferably using Roman numerals. 1, 2, 3, ..). Whatever numbering convention you use you must be consistent. 

· Each section should have a proper heading which accurately reflects the material contained within it. 

· Long sections should be broken up into subsections which should be numbered n.1, n.2, etc where n is the section number. 

· Long subsections should be broken up into subsubsections which should be numbered n.m.1, n.m.2, etc where n is the section number, m is the subsection number. 

· No numbered decomposition smaller than subsubsection should be considered. Use bullet points, itemized lists, numbered lists, numbered examples, etc instead. 

In what follows we will use the word component as the general terms for a section, subsection or subsubsection. Thus components are the building blocks of the document.

There are no hard and fast rules about ‘how long’ a component should be. It is more important that each numbered component contains a coherent content that is accurately summarised by its heading. However, in each document, component lengths at the same level should not be drastically different. For example, a document of 20 pages which contains 3 sections, one of 18 pages and the others with one page each, is an indication of poorly structured thinking.

At every level of decomposition there must always be AT LEAST TWO components. Thus, for example, a section can contain either no subsections or at least two subsections, but must never contain a solitary subsection. So the following structure is NOT allowed:

1. Part One

2. Part Two

2. 1 Part TwoPointOne

3. Part Three

(Here Section 2.1 is called a ‘hanging’ subsection.. There must never be hanging components)

However, the following is OK:

1. Part One

2. Part Two

2.1 Part TwoPointOne

2.2 Part TwoPointTwo

3. Part Three

So it is perfectly acceptable to have some sections without any subsections.

1.3 The crucial role of 'introductions'

The following rules explain the nature of ‘Introductions’ at different levels of decomposition:

At the section level, the first section should be an introduction and overview of the entire report. It should end by giving a walkthrough of the subsequent sections.

Where a section is broken into subsections the text immediately before first subsection should be an introduction and overview of the entire section. It should end by giving a walkthrough of the subsequent subsections.

Where a subsection is broken into subsubsections the text immediately before first subsubsection should be an introduction and overview of the entire subsection. It should end by giving a walkthrough of the subsequent subsubsections.

In other words, at each level of decomposition, preceding the first main component at that level there should be an introduction and overview of the set of components at that level. This introductory text should say what is contained in each of the components. Thus:

1. Section One (Introduction)

This is the introduction to the entire report. This report is about blah blah blah.

This report contains two main sections. Section 2 covers …. Section 3 covers …..

2. First main section

Since this section is broken into two subsections, the text here should just state what the purpose of this section is and what is covered in Section 2.1 and Section 2.2

2.1 Section TwoPointOne

The text for section 2.1 goes here

2.2 Section TwoPointTwo

Since this subsection is broken into two subsubsections, the text here should just state what the purpose of this subsection is and what is covered in Section 2.2.1 and Section 2.2.2

2.2.1 Section TwoPointTwoPointOne 

The text for section 2.2.1 goes here 

2.2.2 Section TwoPointTwoPointTwo

The text for section 2.2.2 goes here 

Section Three

The text for section 3 goes here.

1.4 Figures and tables 

· Every figure and table in your document should be numbered and labelled, as in Figure 1. 
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Figure 1: A very fine footballer

· Every reference to a figure or table should use the number of the figure or table. Thus, never write something like "the figure below shows a footballer", but write "Figure 1 shows a footballer". Spatial references to figures without numbering are nearly always ambiguous. Moreover, when you reformat your document you may find that the figure that was once 'below' actually appears on the top of the next page. 

· Every figure or table which appears in the document must be cited at some point in the document (this is a consistency requirement). 

1.5 A Structure for Student Project Reports

The following is an indication of the kind of structure that should be used in the write-up of a student project (individual). In this example I will assume the project is about building a Bayesian network tool for predicting software faults.

· Abstract (see How to write good abstracts) less that one page

· Table of Contents

· Chapter 1. Introduction (see the crucial role of introductions)

· Chapter 2. Background/motivation. Should set out the context for the work - why the chosen topic is important/interesting. In the example this would address the issues of why people are interested in predicting software faults and why a Bayesian network approach might be useful. This chapter could also provide an overview of previous work in software fault prediction and why it is lacking.

· Chapter 3. Research. This chapter should describe your own research into the topics (if it covers more than one key topic then there should be a chapter for each), with full references. In the example, there are actually two topics you would need to investigate: software fault prediction and Bayesian networks, but the former could go in Chapter 2.  For Bayesian networks you would be expected to provide an overview of what they are, how they are used, the tools that support them, and other similar BN applications. 

· Chapter 4. Requirements. This chapter should describe the requirements for the system you have built, together with how the requirements were captured.  You should use UML notation of use cases.

· Chapter 5.  Design. This chapter should describe the high-level design of the system, preferably using class diagrams. 

· Chapter 6. Implementation. This chapter should provide an overview of the implementation, providing information about low-level design decisions not covered in the previous chapter. You should include screen shots. You should not include the full source code, but you should include code fragments that illustrate key points about your implementation. 

· Chapter 7 Testing. Describe what your test plans were and how you carried them out. At the very least you should explain how you tested against the use cases.

· Chapter 8 Conclusions and recommendations: include the personal stuff (what you have learnt, what was good/bad, what worked/didn't, what you would do differently next time etc) and general recommendations (in the example this would be about building BN applications and software fault prediction)

· References

· Appendices (Log of meeting, work plan, detailed class diagrams etc)

General principles of good writing

This section covers the following

· General tips

· Sentence and paragraph length 

· Words to avoid

· Unnecessary words

· Using nouns instead of verbs

· Active versus passive style 

· Personal versus impersonal

1.6 General rules and tips

· Always have in mind a specific reader and assume that reader is intelligent but uninformed. It may be useful to state up front what the reader profile is. 

· Before writing decide what the exact purpose of the report is. Make sure that every sentence makes a contribution to that purpose, and makes it at the right time. 

· Use language that is simple, concrete, and familiar. 

· At the beginning and end of every section check your writing according to this principle: first tell your readers what you're going to tell them, then tell them it, and finally tell them what you told them. 

· Make your report attractive to look at, but do not add meaningless frills. 

· Keep a good dictionary beside you when you are writing. Before using a word which 'sounds good', but whose meaning you are not sure of, check it in the dictionary. 

· Once you have finished the first draft of your report, read it through carefully, trying to put yourself in the shoes of your potential readers. 

· Once you are reasonably confident about the state of your report, ask a friend or colleague to read it before you submit it formally 

1.7 Sentence and paragraph length

The English schools system produces students who feel ashamed to write short sentences. In my view this is a great failing of our education system. There is nothing clever about writing long, complex sentences. For technical writing it is simply WRONG. You must get used to the idea of writing sentences that are reasonably short and simple. In many cases shorter sentences can be achieved by adhering to the following principles:

1. A sentence should contain a single unit of information. Therefore, avoid compound sentences wherever possible - be on the lookout for words like AND, OR, WHILE which are often used unnecessarily to build a compound sentence. 

2. Check your sentences for faulty construction. Incorrect use of commas is a common cause of poorly constructed and excessively long sentences.

Example (this example fixes some other problems also that are dealt with below)

Bad: "Time division multiplexed systems are basically much simpler, the combination and separation of channels being affected by timing circuits rather than by filters and inter-channel interference is less dependent on system non-linearities, due to the fact that only one channel is using the common communication medium at any instant."

Good: "Systems multiplexed by time division are basically much simpler. The channels are combined and separated by timing circuits, not by filters. Interference between channels depends less on non-linear features of the system, because only one channel is using the common communication medium at any time."

3. Use parentheses sparingly. Most uses are due to sheer laziness and can be avoided by breaking up the sentence. NEVER use nested parentheses under any circumstances if you want to retain your reader.

Learning about some of the principles described below, such as using active rather than passive constructs, will go some way toward helping you shorten your sentences. 

A paragraph should contain a single coherent idea. It is easier to read a text where paragraphs are not excessively long. You should try always to keep them to less than half a page. On the other hand, successive paragraphs which are very short may also be very difficult to read. Such an approach is often the result of poorly structured thinking. If you need to write a sequence of sentences that each express a different idea then it is usually best to use itemized or bulleted lists to do so. The fact that the sentences need to be written in sequence suggests that there is something that relates them. The idea that relates them should be used to introduce the list. As an example, look at the numbered in this section.

1.8 Words to avoid

You should read this section carefully - there are words in here which you may actually get penalised for using

The golden rule on words to avoid is:

Never use a difficult word or phrase when there is a simple alternative. 
For example, you should never use the following words because there is a simpler alternative (given in brackets).

utilise (use)

facilitate (help)

at this time (now)

Also unless you are talking about building maintenance, never use the verb ‘render’ as in:

The testing strategy rendered it impossible to find all the faults.

The 'correct' version of the above sentence is:

The testing strategy made it impossible to find all the faults.

In other words, if you mean 'make' then just write 'make' not 'render'. 

Here are some other examples of commonly used words that have much simpler (and better) alternatives:

	BAD
	GOOD

	endeavour
	try

	terminate
	end, stop

	transmit
	send

	demonstrate
	show

	initiate
	begin

	assist
	help

	necessitate
	need


In general you should only ever use the 'bad' words here if some special context means it is really necessary to do so.

In many cases there is no simple rule for transforming a sentence with unnecessarily long words, but the following examples should give you some idea of the improvements that can be made.

	BAD
	GOOD

	The precise mechanism responsible for this antagonism cannot be elucidated
	We do not know what causes this antagonism

	… with enough ancillary labour to assist …
	with enough extra labour to help

	The stability of the process is enhanced by co-operation
	Co-operation improves the stability of the process 


1.9 Unnecessary words

Many sentences contain unnecessary words that repeat an idea already expressed in another word. This wastes space and blunts the message. In many cases unnecessary words are caused by ‘abstract’ words like nature, position, character, condition, situation as the following examples show:

	BAD
	GOOD

	The product is not of a satisfactory nature
	The product is unsatisfactory

	The product is not of a satisfactory character
	The product is unsatisfactory

	After specification we are in a position to begin detailed design
	After specification we can begin detailed design

	We are now in the situation of being able to begin detailed design
	We can now begin detailed design


In general, you should therefore use such abstract words sparingly, if at all.

Often writers use several words for ideas that can be expressed in one. This leads to unnecessarily complex sentences and genuine redundancy as the following examples show:

	WITH REDUNDANCY
	WITHOUT REDUNDANCY

	The printer is located adjacent to the computer
	The printer is adjacent to the computer

	The printer is located in the immediate vicinity of the computer
	The printer is near the computer

	The user can visibly see the image moving
	The user can see the image moving

	The input is suitably processed
	The input is processed

	This is done by means of inserting an artificial fault
	This is done by inserting an artificial fault

	The reason for the increase in number of faults found was due to an increase in testing
	The number of faults found increased because of an increase in testing

	It is likely that problems will arise with regards to the completion of the specification phase
	You will probably have problems completing the specification phase

	Within a comparatively short period we will be able to finish the design
	Soon we will be able to finish the design


Another common cause of redundant words is when people use so-called modifying words. These often turn out to be meaningless. For example:

	BAD
	GOOD

	absolutely critical
	critical

	considerable difficulty
	difficulty

	utterly wrong
	wrong


Similarly, the following words can be fine when used with a concrete reference, but in many case they are not: 

· appreciable 

· approximate 

· comparative 

· definite 

· evident 

· excessive 

· fair 

· negligible 

· reasonable 

· relative 

· sufficient 

· suitable 

· undue 

1.10 Using nouns instead of verbs

One of the worst, but most common, examples of poor writing style is where authors turn verbs into nouns or use abstract nouns rather than active verbs. The following examples show the major improvements you can achieve by getting rid of nasty noun constructions:

	BAD
	GOOD

	He used to help in the specification of new software
	He used to help specify new software

	Measurement of static software properties was performed by the tool
	The tool measured static software properties

	Clicking the icon causes the execution of the program
	The program executes when the icon is clicked

	The analysis of the software was performed by Fred
	Joe analysed the software

	The testing of the software was carried out by Jane
	Jane tested the software

	It was reported by Jones that method x facilitated the utilisation of inspection techniques by the testing team
	Jones reported that method x helped the testing team use inspection techniques


The last example is a particular favourite of mine (the bad version appeared in a published paper) since it manages to breach just about every principle of good writing style. It uses a noun construct instead of a verb and it includes one of the forbidden words (facilitated). However, one of the worst features of this sentence is that it says "It was reported by Jones" instead of simply "Jones reported". This is a classic example of use of passive rather active constructs. We deal with this in the next section.

1.11 Active versus passive style

Consider the following two sentences: 

1. Joe tested the software 

2. The software was tested by Joe 

Both sentences provide identical information. The first is said to be in the active style and the second is said to be passive style. In certain situations it can make sense to use the less natural passive style. For example, if you really want to stress that a thing was acted on, then it is reasonable to use the passive style. However, many scientists routinely use the passive style simply because they believe it is more 'formal' and 'acceptable'. It is not. Using the passive style is the most common reason for poorly structured sentences and it always leads to longer sentences than are necessary. Unless you have a very good reason for the change in emphasis, you should always write in the active style.

The following examples show the improvements of switching from passive to active:

	BAD
	GOOD

	The report was written by Bloggs, and was found to be excellent
	Bloggs wrote the report, which was excellent

	The values were measured automatically by the control system
	The control system measured the values automatically 

	It was reported by the manager that the project was in trouble
	The manager reported that the project was in trouble


1.12 Personal versus impersonal
Whether to use personal (first person) or impersonal (third person) style is a subject that causes fierce debate. Some writers insist that a report is not truly scientific if it is written in the first person style. There is no rational justification for such an assertion. Moreover, there are now very few scientific journals which still insist on third person writing. The most important justification for using first person style is that it is more natural and results in simpler sentences. Poor sentence structure, notably using passive rather than active style, is most commonly caused when authors are forced to write in the third person. Consider the following examples:

	BAD
	GOOD

	The current research work of the author is also described
	I also describe my current research work

	In the previous report of the authors the rationale for the proposed method was discussed in detail
	We discussed in detail the rationale for the proposed method in our previous report

	However, it was the writer’s belief that this situation should not have occurred
	However, I believed that this situation should not have occurred

	Examination and discussion of the of the results obtained, are necessary before a decision can be taken
	We must examine and discuss the results before we decide


In many situations avoiding the first person can also introduce ambiguity. For example, consider the statement 

"Recent experiments involving formal inspections have resulted in ..."

It is not clear whether the writer is referring to his/her own experiments, other researchers' experiments, or a combination of the two. 

Even worse than ambiguity is where use of third person rather than first introduces genuine uncertainty. For example, consider the following:

"It is not possible to state the exact mode of operation of the drug".

This leaves serious doubts in readers' minds. It might mean that the authors do not know how the drug works, but it might also mean that the operation of the drug is impossible.

One final word about personal versus impersonal writing. Many authors, who are reluctant to use first person but realise that they cannot write a sentence naturally without it, opt to use the expression 'one' as in "One can conclude from the experiment ...". I have some simple advice about this: DON'T. It sounds pompous and ridiculous. If you feel uneasy about saying "I" then say "We".

Abstracts

Abstracts should appear on the front page of a report. There are two types of abstracts: descriptive and informative. A descriptive abstract says what you do in the paper without providing any of the results. An informative abstract says what the paper contains, including summarising the main results. You should always write informative abstracts. Compare the following two abstracts describing the same case study:

Version A (descriptive)
This report describes a major case study to evaluate the effectiveness of using a certain formal method during software development. <general blurb about formal methods removed> We describe the background of the particular method used and discuss the claims made in favour of these methods. We describe the experimental set-up and the particular software under investigation. We present a range of results indicating the circumstances under which formal methods may be effective. We explain the measurements that were used, along with the rationale for using them. We compare the results of the measurements at different life-cycle phases. We consider the different uses of the system. Finally, we present a number of strong recommendations.
Version B (informative)
VDM is one of the best known formal methods used in software development. We describe a case study to evaluate whether higher quality code results from the use of VDM. The case study involved an air traffic control system developed over three years. Some of the modules in the system were developed using VDM (160 modules making approximately 400 KLOC) while the rest of the modules (300 making approximately 700 KLOC) were developed informally. We found that, prior to release, the fault density of formally developed modules was not significantly different to the informally developed modules (4 faults per KLOC being typical). However, the fault density in the 6 months post-release was significantly lower for formally developed modules (on average 0.6 faults per KLOC compared to 1.4 faults per KLOC). We also found that more faults were found during the early development phases in the formally developed modules. This favourable evidence to support formal methods is countered by the following observations: i) the formally developed modules generally took 25% longer to complete than similar sized informal modules. ii) the formally developed modules were those concerned with the critical functions and were developed by more experienced and better qualified staff with a strong mathematical background; iii). the non-formally developed modules included all of the interface code so faults discovered in the first 6 months post-release were inevitably more likely to be in this part of the system. Despite these reservations we believe that the post release fault-density for the formally developed modules was very low. We therefore recommend that companies should consider using formal methods such as VDM for the most critical components, providing that they have well trained staff with a very good mathematical background.
Obviously Version A is shorter, but only because the general blurb about formal methods has been removed. Version A actually tells the reader nothing about the case study. This writer is challenging the reader to read through the entire report in order to find out the basic results. Version B, on the other hand tells us all the key information about the case study without including anything superfluous. Version B does not tell us that the paper contains a discussion about formal methods - it does not need to since we know that a paper investigating formal methods must contain some such discussion. Version B is better in every respect. Even if we do not have time to read the paper (and most readers never get further than the abstract) it tells us what we really need to know. It even makes us more likely to read the paper because it will identify and target key readers.

Since informative abstracts are so obviously superior to descriptive ones why do the majority of scientific writers still insist on providing descriptive abstracts which infuriate us and insult our intelligence. The answer is simple: laziness (although in some cases it may be due to the fact that the author really has nothing to say!). Descriptive abstracts are often written before the work has even been carried. In other words the abstract is merely a plan for the author. Now plans are fine and necessary in order to complete a piece of work. But if you were delivering any product you would not use your original project plan as a replacement for the product description. So never use a descriptive abstract.

Writing which includes mathematics

Rule 1: All variables should be in italics to distinguish them from normal text:

Incorrect: The value of a increases when a is less than 100.

Correct: The value of a increases when a is less than 100.

Rule 2: When including equations in your work these should be set out on a separate line, and preferably labelled. The dangers of not doing so are that: 

· the equation may end up stretching onto the next line 

· readers may find it difficult to understand where the text is separated from the equation 

· it is generally much harder to follow. 

Here is an example:

Incorrect: 
The value of x can be computed as x = 1/y + f(z). In this equation f(z) represents a particular function of z.

Correct
The value of x can be computed as:

	x = 1/y + f(z)
	
	
	
	
	Equation (1)


where f(z) represents a particular function of z.

The only exceptions to rule 2 are when the equation involves just 2 variables separated by an operator, such as x=y or x>2y. In these cases you do not need to leave a space between the symbols so there is no chance the equation will run over the line.

Rule 3: Never start a sentence with a mathematical symbol of any kind, since this can create genuine ambiguity as well as just being hard to read. For example:

Incorrect: We have computed the value of x in terms of y and z. z is in turn expressed as a function of another variable.

Correct: We have computed the value of x in terms of y and z. The variable z is in turn expressed as a function of another variable.

Conclusions

It is possible to learn how to improve your technical writing. This short report provides a number of guidelines to help you do so. The crucial points are:

· Make sure all reports conform to the basic structure (title page with appropriate details, page numbers, appropriate section numbering, and introductions to each section)

· Use language that is simple, concrete, and familiar. 

· Do not write long sentences;

· Avoid long, pompous words when there is a short simple alternative (especially avoid the words: utilise, facilitate, endeavour, necesitate);

· Avoid unnecessary words;

· Do not turn verbs into nouns;

· Use active rather than passive style

· Use personal rather than impersonal style

· Write informative (rather than descriptive) abstracts

and most importantly:

· Keep things as simple as possible

Good Writing References

You should try to get hold of a copy of at least one of the following books, all of which provide a far more comprehensive treatment than I can cover in these pages: 

· Kirkman J, 'Good Style; Writing for Science and Technology', E & FN Spon, London 1992 

· O'Connor M, 'Writing Successfully in Science', Chapman and Hall, London 1991 

· Turk C, and Kirkman J, 'Effective Writing: Improving scientific, technical and business communication', E&FN Spon, London 1989 
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