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A paper is a philosophical, logical argument. As such the components of an argument must be in a paper. For a paper to be successful it must past the test of providing a logical progression in thought from beginning to end and all items presented substantiated in the scientific method. If you are not familiar with the scientific method or logical argument look into what these are, they are the basis of science.

Components of a Paper

Title – this should convey the topic area. A better title will describe the significance, but only good papers can pull that off successfully. The title should be interesting and not too long. There is nothing worse than reading a good title and being excited about a paper to find the argument or the actual presentation of materials is not consistent with the title.

Abstract – this provides a small version of the paper. It has all components of the paper sections presenting just the most important aspects of each. The abstract should convey enough to allow the reader to judge the value of the paper and it basic logical argument. Most people in practice read the abstract and decide from this if to read the entire paper. The abstract starts out general (topic area), focuses quickly to the question or hypothesis. Next is the execution of the research, this is about 2/5 of the abstract. Then is the results which are about 2/5 of the abstract and then the conclusion which brings us back to the question or hypothesis, this is about 1/5 of the abstract. Note an effective abstract has an interesting and successful conclusion based on the other 4/5 of material previously in the abstract. Next to the title this is the most important section of a paper.

Introduction – this provides the general introduction to the topic area, not too long, enough to convince the reader the general area is important. Then the introduction starts to focus on specific areas that are important and need to be explored further in research (this in effect is what will be done in the research to be shown in the rest of the paper). The purpose here is to tell the reader what is missing in our knowledge and how filling that will be useful in some way. The writer is justifying the research to follow. The introduction also provides the reader some background information but contrary to what we think, it is not a literature review, it is telling the reader as much as they need to know to convince them that there are missing gaps and these should be filled. Only the gaps and areas that are missing that the paper addresses are brought out here. The last paragraph of the introduction is very important. The previous materials all leads to this. That paragraph should state what is to be asked in the paper. This can be done in several styles:
a) hypothesis statement with brief description of treatments, site etc., and expected  outcome (most easy and direct to understand and interesting)

b) statement of what was done and why (easy to understand what will be done but not clear as to why it was done)

c) statement of goals and done how (least informative and effective)

That final section needs to be very clear and concise. Also the scope of the work needs to be restrained to be able to give an interesting and useful story. Other words, the purpose of the study should be straight forward and focused to be able to give a sound argument in the following very limited amount of space in the rest of the paper.

Materials and Methods – this section should be kept to a minimum but sufficient to allow the reader to conduct the experiment and repeat it themselves. This is tricky, experience is needed in distilling the essential information. Direct the reader as much as possible to peer-reviewed materials that are easily accessible. It usually starts with the background information (site, soil, soil sampling, strains or cultures, weather etc.). It then gets specific to treatments and experimental setup. Then progresses to analyses and finishes with statistical analysis. Insure the statistical analysis is clear, appropriate and the level of significance is stated.

Results – this section can be tough to read and write. It needs to distill the findings in a simplistic way. It should be written as statements of findings with reference to tables and figures in parentheses. Every finding is not detailed. Just findings linked to addressing the objectives and hypotheses. Some times results and discussion are combined. This is done with practice, experience is needed to pull this off successfully as it can just ramble. Tables and figures need to be clear, legible, captions allowing the tables and figures to stand alone (other words, can you understand the table and figure without reading the rest of the paper?). This section should not repeat results anywhere, data is only presented once in a table and figure. Sometimes, it does not add to the argument to show a table or figure but just say the findings in the text. This section should be organized to allow linking the findings to address the objective(s).
Discussion – this section is not a restatement of the findings. Writers get confused because the discussion does start out with a reminder to the reader of the general topic importance and objective(s), it however is done in relation to the findings telling the reader a contribution has been made. The section then moves to detailing important features of the findings but importantly relating them to filling information gaps, significance, use and impact. It compares findings to previous research with emphasis on determining similarity, differences and how this work extends our understanding in a useful way. The section also conveys drawbacks and assumptions used in the work, it is better to bring out cautionary points here than have reviewers or the reader have them in their head. Are the assumptions valid and if not, does it reduce the validity of the argument? This needs to be consider by the writer and for sure will be considered by the reader.

Conclusion – this section is important obviously because often readers read the title, abstract, skim the tables and figures and read the conclusion to see if they should invest time to the whole paper. The conclusion needs to settle the argument. Did the findings substantiate the hypothesis or objectives, what is the contribution to our knowledge, how can it be applied and what is next? It should not finish on what is next as that diminishes the effect of the importance of the work to the reader (we remember the last things we read, see or hear most clearly). What is next should be before a final concluding statement that the reader is to remember if it adds to relaying the future significance and impact of your findings.

References – these should be plenty, used appropriately, the writer must have read each paper and not relied on other papers to site the same stuff, the citations must be consistent with each other in format, these should be as recent as possible.
I hope that it has been conveyed that a paper is a philosophical argument that is logical in progression. Any component that is not sound breaks the logic chain and invalidates the argument. An argument does not need to be the only possible explanation or hypothesis. It just needs to be logical. It can even at a later date be shown to be wrong in the interpretation of natural phenomenon, the argument however and its logic should not be able to be shown to be wrong. Think about how much of the ideas of the great philosophers are actually wrong, their arguments at the time and to some extent today, are still valid. As scientists we are a continuation of a great line of philosophers (this is why a Ph.D. is called a Doctor of Philosophy, because students are being trained in development and execution of logical arguments). Let’s be proud of contributing to that lineage of logical thought, the most effective way is by reading and writing excellent papers, that is the means of recording ideas and also peer-review to determine the validity of arguments.

Writing a Paper or Thesis Research Chapter
The most successful model for writing papers I have seen and experienced is the following:

Done before any research

a) Start with an observation, it can be from preliminary research, a previous student, from the literature, from producers, from traditional ecological knowledge etc. The observation and exploring it further should have important consequences and worthy of further exploration.

b) State on paper what you wish to accomplish and how it is important, this should fit into two paragraphs maximum.

c) Hit the current literature thoroughly exploring every avenue possible and related topic to get the background and insure what you wish to do has not been done before. If so, that is OK, revise your hypothesis or goals to go further than previous work, again “why is it useful to do so”. Keep file folders with topic areas of papers.
d) Formulate an hypothesis and objective(s) for research, this is usually done through your thesis proposal and close consultation with your advisor and committee.

e) Sketch out the paper, writing a short introduction, place great emphasis on the hypothesis and objective section. Write out your materials and methods, using this to actually conduct your experiment. Think about all the parameters you need to characterize your experimental unit, your field site, the environment etc. It is best to think now what you need than later (example, it is often easy to forget to characterize your soil for classification and for chemical, physical and biological conditions while you are conducting your work and before you know it one is scrambling to get basic soil characterization done for the paper or thesis). Consider the stats you will do to help determine your experimental design (randomization, replicates, treatments, balanced design, uni-variate or multi-variate, parametric or non-parametric design, time series analysis, significance level, test of assumptions, do you want associative or predictive statistics?). Consult with your advisor, committee and statistical experts. From my experience, Grad Stats in our Faculty provides a bare minimum skill set to do your stats, it is good for those doing balanced Block Designed Experiments. If you are doing something else as many will, you need to go further. It will be tough to sketch out the results and discussion if you are doing innovative and new science. However have an idea and write out potential outcome results of what you expect. Put down what the outcomes imply in terms of addressing the hypothesis and objectives. Always be thinking about the conclusions, what are the implications of the findings?
Done while conducting the research

a) revise the materials and methods

b) keep up to date with the literature, do regular searches and look at every new issue of the journals in your field, most journals provide a free email table of contents when a new issue comes out or you can do automatic literature searches with Web of Science

c) always, always write absolutely everything you do in your laboratory and field notebook. You should have a daily log in your laboratory and field notebook stating what you did in detail, even paste graphs, tables and maps into your notebook and field book, particularly when calibrating, setting up experiments etc.
d) keep track of files used to setup experiments and record data

e) keep up to date in transferring your notebook to files and data sheets to files electronically

f) while at the bench, in the field, driving to your site think about all the above, talk to others about your work, think about what you are doing, understand each step

g) do your calculations and stats as you can, don’t wait

Done when research is finished
a) develop tables, maps and figures with your advisor
b) narrow down which ones you will use in the paper with your advisor

c) do the stats if they have not been done

d) develop a list of points of importance results and see how these address your hypothesis and objectives, after doing so consult with your advisor

e) sometimes, do to uncontrolled circumstances execution of the study was not as planned (weather, instrumentation, logistics etc.), does the hypothesis and objectives need to be revised in light of the different execution?

f) Revisit the literature for anything new, but you have been doing this all along

g) Write the results and discussion

h) Revisit the introduction and insure everything in it is directly related to laying out the argument, the hypothesis and objectives

i) Write the conclusion

j) Give the paper to your advisor for review

k) Save the abstract for last, now write it after seeing comments from your advisor

l) It usually takes a minimum of 2 revisions by your supervisor of the entire paper before it is ready to distribute to your committee, usually it takes 3 times, the more planning, the fewer times it takes. It takes a minimum of two weeks to get comments back and you should plan for three weeks. The more planning and care in writing the sooner the paper gets back to you.  Also, give your supervisor and committee advanced notice (two weeks minimum) before giving them a chapter, this way you will not be surprised to find out they will not be available to read the paper for a month or so. I have seen students that have waited more than 6 months for their supervisor to read a thesis chapter or paper. 
m) You will always, always, always need to go back to your laboratory and field notebooks and excel files, insuring these were done clearly while doing the research saves a lot of time and avoids problems while writing. 

Final Comment – a paper should be fun and easy to read. Good writing, focus, clarity, interesting question, good execution, current, innovative, objective and structured in a logical argument all help in making a paper fun and useful to read and write. 

