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Abstract


This project guide introduces you to how to write up a research project.  It discusses structure, language, and various tips.  This guide on project writing is not meant for most lesson-plan projects.  Also, the writing style of this guide is nowhere near perfect.
Structure


You will be writing a technical report on your project.  This is rather similar to the structure that is used in academic journals, except you will include all the details of your project, rather than skipping over some details like journal articles do.  Technical reports are usually broken into sections as follows:


Title, Date, and Authors


Abstract(s)


Introduction


Literature Review


Model


Results


Conclusion


Bibliography


Appendices

Each section deserves its own large heading (use the “Heading 1” format in Microsoft Word, for example).  Sometimes you will need subsections.  For example, perhaps you used two different models, starting with a simple one and then introducing some complicating factors.  You would then have subsections inside the Model section, and possibly inside the Results section.

Next, we describe what goes in each section.

· Introduction: This will often be copied almost directly from your project proposal.  It tells the reader what the paper is about, and the general methods you will use.  It is often best to avoid mathematical notation in the introduction.  If you like, you can give a one- or two-sentence preview of your results in the introduction, to tell the reader why it’s important to study this topic.
· Literature Review: This is where you summarize the important related papers that you have found.  For each paper, you mention what it focused on and perhaps some of the results.  You also mention how your work is different than the papers you are citing.  For example, you might say something like “While their paper focuses on the deterministic case, we include stochastic demand in our analysis.”  In some cases, you will introduce notation from the papers, but in many cases it is not needed.

· Model: The model section is where you assign notation to important values, then combine them into formulas, equations, etc.  When you define a symbol, you might give a range of typical values, but typically you do not give it a single value.  Also, you do not usually give numeric computations in the Model section; those go in the Results section.
· Results: This is where you describe the experiments you have done, and show graphs or tables giving the results.  What experiments should you do?  Pick any parameter that you chose (for example, a service rate of 4 per hour), and vary it in some reasonable range (1 per hour to 30 per hour), and graph the results.  It is a good idea to sketch these graphs before you even start your modeling—you won’t know exactly what it will look like (concave up? concave down?) but it will give you something to aim for as you’re doing your computations.
· Conclusions: This is not just a repeat of the abstract.  Here, you summarize your results, mention simple extensions (to lay claim to them, sort of), and mention more difficult extensions.
· Bibliography: Here, list every book, article, and web site that you used.  In most writing, you wouldn’t list the ones that you didn’t cite in the body of the paper, but I want to see a reference for everything you looked at.  The format is not important to me.

· Appendices: Use appendices to show long detailed calculations that you summarize in the body of the paper.  Also, use them to include computer code, spreadsheets, etc.; you must include a copy of all computer code you wrote. And, include your proposal and my comments on it, and any drafts with my comments.
Professional Language
Your paper should be written in moderately formal language.  This means that you should avoid contractions like isn’t, weren’t, should’ve, etc.  Also avoid slang words such as “buck” instead of “dollar”.  

Understatement is the preferred option in this style of writing.  You would typically avoid certain words like “easy”.  For example, instead of writing “The integral in the first term is easy”, you would write “The integral in the first term is straightforward to compute”, or “It is not difficult to compute the integral in the first term.”    Instead of writing “Our algorithm is much better than that of Jones (1992)”, you would write “The new algorithm is 50% faster than that of Jones (1992)”—let the reader decide if that is much faster.
Most mathematical and engineering papers are written using “We” instead of “I”, even if there is only one author.  The idea is that the “we” is the author and the reader, journeying together on an adventure of discovery.  Also, most of the paper is written in the present tense, with occasional use of the past tense to describe historical data and experiments.  For example, you might write

We integrate formula (1) by parts and obtain….

but


We programmed the simulation in Matlab and found….
The difference is that mathematical formulas in some sense exist outside of time; an integral always equals what you get when you integrate by parts.  However, experiments happened at a certain point in time, sometime before you wrote your paper.

Your report is not the place for advertising or bragging.  Avoid any temptation to write “Using advanced methods, we…”, since your job in writing is to explain exactly what you did rather than skim over it (and what is advanced to one person may be simple to another).  If your project concerns a particular company, do not spend time telling the reader how great the company is.  For example (from a student paper), 

“Since the chain is so large and popular, it is important for the individual restaurants to run efficiently…”


First, the writer seems to be advertising about how successful the restaurant chain is.  Second, does the writer intend to say that efficiency is not important for small or unpopular businesses?
Assumptions


It is important to identify the assumptions that you make when setting up your mathematical model of a situation.  However, it is also important to avoid labeling things as assumptions when they are not.  An assumption, to me, is something that would require a fair amount of intellectual work to change.  Here are some examples and counter-examples:
· “Assume t is the length of time….” This is just defining notation; changing it would be simple to do (if tedious).  Instead, write “Define t to be the length of time…” or “Let t be the length of time....”
· “Assume that distance is measured in meters.”  Again, changing to centimeters or kilometers would probably not be difficult.  Instead, write “We measure distances in meters.”

· “Assume that 10 people arrive per hour.”  Changing this to 11 or 9 would probably not require much effort (possibly re-running some computations in Excel or Matlab), so it is a parameter setting rather than an assumption.  Instead, write “Suppose that 10 people arrive per hour.”, or “Let the arrival rate be 10 per hour.”

· “Assume that the cost is a linear function of amount ordered.”  This is indeed an assumption.  Changing from linear to nonlinear is often difficult.

· “Assume that the random variations are negligible.”  This is also an assumption.  Working randomness into a non-random model is often difficult.

· “Assume that the order quantity cannot be changed from one month to the next.”  While changing this would require a fair amount of work, this is really more a choice of focus for the paper rather than something that we really believe might be true.  Instead, write “We focus on the case where the order quantity cannot…”
While it is acceptable to make unrealistic simplifications to get an initial model, you should not give the impression that you really believe them.  For example, instead of writing


“We assume that the weather will be exactly as forecasted.”


you should write


“As a first approximation, in Section 3.1 we suppose that the weather will be exactly as forecasted.  In Section 3.2, we allow for variations from the forecast.”
If you were reading the paper, which of those statements would make you doubt the authors’ judgment?
Explanations


Despite what you might read in the mathematical literature, it is not a good idea to introduce a big complicated formula and then explain it.  Instead, build up to it piece by piece.  For example, instead of writing:


“The general model for this problem is T= (r*U + (L-2A)/p + 2*(S) + r*O)*60, where r is the…”


you should write


“The time required is the sum of the acceleration times, the turning times, and the straightaway times.  The time taken for each acceleration is ….  Each of the turns (U  of them) takes r seconds.  The straightaways (each of length (L-2A)) take…; thus, the overall time is T= (r*U + (L-2A)/p + 2*(S) + r*O)*60.

Referencing Papers

Try to copy as little as possible from sources you have read.  Do not even have the text of other people’s work in front of you as you write—otherwise you may end up paraphrasing too closely.  Plagiarism (passing off someone else’s work as your own) is perhaps the worst academic offense.  It has ruined careers.  And, if you copy something and your co-author doesn’t know about it, it can ruin your co-author’s career too.


You might think that it is acceptable to quote long passages (e.g. more than a sentence) if you include the citation.  While that is not plagiarism, it does not show me what you think.  Your report should be almost all your own writing. 

The style of references in your bibliography is not important to me.  You may use MLA, APA, or any other style you like, or none at all—it is not worth spending time reformatting bibliography entries.  As long as you have the basics for each entry (authors, journal title, article title, year, volume, number, pages, URL if any) you are fine.

What is important to me is how you write your citations in the body of the paper.  I suggest the following style: “Jackson (1955) found that…” or “Alpher, Bethe, and Gammow (1948) conjectured that…”  Notice that professional titles (Dr. or Prof.) and first names are not used.  Some people like to use numbered citations, such as “This is an extension of [3], with…”; this is the style in some journals, but it has the downside that adding a reference can force you to renumber the others.  You should not start a sentence with such a numerical reference: “[7] conjectured this to be true. [3] shows that…” is not acceptable.  Some people like to use superscript numbers for citations; I find this confusing in a mathematics paper where other superscripts are used as exponents, so please avoid it.

Writing the Title

Bean (2001, page 209) gives the following advice on choosing your title:


'... three of the most common conventions for academic titles:
1. Question. Some academic titles simply state the question that the body of the paper will address ("Will Patriarchal Management Survive Beyond the Twentieth Century?")
2. Summary of thesis or purpose.  Some academic titles summarize the paper's thesis or purpose ("The Relationship Between Client and Therapist Expectation of Improvement and Psychotherapy Outcome")
3. Two-part title with a colon.  Academic titles are frequently split into two parts, separated by a colon.  The most common approach is to present key words form the issue to the left of the colon and key words from the thesis to the right ("Money and Growth: An Alternative Approach"). Another common pattern is to start with an interest-arousing "mystery phrase" that does not become clear until the reader reads the article.  Following the colon, the writer usually summarizes the article's key issue or thesis ("Fine Cloth, Cut Carefully: Cooperative Learning in British Columbia"). '

Prof. Ross adds: 4. A humorous title ("Nineteen dubious ways to compute the exponential of a matrix")

Here are some titles of papers that Prof. Ross has written, organized according to the above system:
1. "Can we prevent the gaming of ramp constraints?"
2. "Useful Bounds on the Expected Maximum of Correlated Normal Variables"
3. a) "Dial-Up Internet Access: A Two-Provider Cost Model"
I want you to practice each of the top 3 styles (and the 4th if you like).  Put the titles you didn't use into an appendix.

In case you were wondering, my wholesale copying of Bean's 3 ways to write a title is probably more than "fair use" can justify, even with the proper citation.  Don't do that in your own papers.

Writing as a Process

When you write, the whole process is important, not just the final product.  It often helps to look at where you started, and see how the paper changed through various drafts.  So, as a last appendix, include a copy of your proposal and my comments on it, and any drafts you did along the way (with my comments).
Examples of Non-Professional Language

Most of these come directly from student papers.  Try to re-write each one to be more formal or grammatically correct.
1. This was not a lot of variance.  
2. First off, we plotted the data.  We saw…

3. The demo software was too complicated to get any good results.  It came with a 192-page manual that was just too much to decipher in time to be of use.  [note from Prof. Ross: if this happens to you, send me e-mail ASAP and ask for help.]
4. There are no real cut and dried formulas to use to optimize …

5. Well it would be nice if I could just keep…

6. For the model I will show mathematically seventeen variables and six constraints to show how to maximize space on a twelve by twelve inch piece of raw material.

7. It will look something like this:

8. All of the squares must add up to be 144 squared inches and that will look like so:

9. Lawn services are used to help give your property an ascetically pleasing look.  And to keep that look, you must obviously keep the lawn mowed.
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