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GUIDELINES FOR WRITING SCIENTIFIC PAPERS

It is very important for scientists to be able to communicate the results of their experiments in a written format.  You and your readers will both benefit from accurate, clear, and concise scientific writing.  There is a “set” format that turns out to be very helpful to you both as a writer and as a reader:  it is straightforward and makes it easy to find particular details in a paper.

The example below is a description of how to write a paper in the proper format. There are suggested wordings, and an example of a Figure and a Table. The “model” is not complete however, and I highly encourage you to refer to the discussions that we have had in class about the parts of a scientific paper and to scan science journals for other examples. In addition, the science library has several excellent guide books on writing scientific papers and lab reports. 

Finally, as you proofread your draft out loud, please refer to the list of TIPS TO AVOID COMMON MISTAKES IN WRITING SCIENTIFIC PAPERS!  

The RUBRIC included at the end of this lab manual is another useful guideline.  I will use this when grading your written work and figures. 

Writing a research paper is really hard….it takes time to focus your ideas (this is usually guided by our prelab assignments) and to articulate what you did and why. Precision is critical as is supporting your logic and though process with literature or theory. For this reason, writing is one of the best ways to learn. Because this writing is both “spare and detailed” it takes practice and guidance to get it right.  I’ve written as much guidance as I can (it's a lot to take in!) and promise that when I am marking up your papers, the goal is to help you “get the feel” of good scientific writing.  I know this is the first time that most of you have written this kind of paper. 

Finally, although the format is structured for reporting laboratory research, the basic writing tips and flow can apply to any research paper in any field – what was your question? How did you go about answering it? What did you learn? And what does it mean? 

Enjoy…….




The Informative Title of Your Article Will Go Here

Your_First_Name Your_Last_Name, and First_Name_Lab_Partner Last_Name_Lab _Partner
Saint Olaf College, Northfield, Minnesota 55057

The abstract should (i) describe the main objective(s) of the study, (ii) explain the approach, including the basic method but without methodological detail, (iii) summarize the most important results and their significance, and (iv) not exceed 300 words.   Abstracts should not include citations or abbreviations. The abstract IS a single paragraph that concisely summarizes your paper. It is NOT the introduction to the paper, but a stand-alone document meant to inform readers sufficiently about your work to let them decide if it is something they want to read.
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Introduction
 
 The introduction should (i) provide background that puts the manuscript into context and allows readers outside the field to understand the purpose and significance of the study, (ii) define the problem addressed and why it is important. You will need some citations to justify your thinking. 

(iii) Clearly articulate your hypothesis noting your reasoning. (iv) discuss why you took the particular approach used to study this problem and (v) how you will recognize whether or not your hypothesis is supported.  Remember, your work is based on previous knowledge.  You will include a review of relevant literature to introduce what is known to date about your problem (Lobban and Schefter, 1993). 

A good way to organize the introduction is to begin with the general and proceed to the specific.  Assume that the reader is at least moderately familiar with the general subject of the paper.  This “hour-glass model” will help you focus your paper especially if the last paragraph of the introduction is “In our study we ….”.  The “methods” and “results” sections are the narrow part of the hourglass and the “Discussion” will broaden out again covering the issues brought up in the “Introduction”.

Hint—you should write the first draft of your introduction with relevant background literature BEFORE doing your experiments. However, be ready to redo and edit this first draft as the data will prompt new insights and questions.  

Materials and Methods
In this section you will describe the laboratory and data analysis methods used in your project. Use subheadings similar to those below adding additional ones as needed.  You may choose to add a flow chart to show your experimental strategy as a figure.

Laboratory Methods 
This subsection is written in the first person past tense because you did it in the past. It should provide enough detail to allow suitably skilled investigators to fully replicate your study but it should NOT read like a cookbook. Solution recipes are important however. Avoid the phrase “and then”. Instead organize your description by method. You may want citations for the methods used (e.g. Bradford, 1976). 

Figuring out the right amount of detail for this section is tricky. Since you are assuming your readers have some lab experience it is not necessary to note that tubes were labeled or the particular way in which you prepared a dilution. The final concentrations, however, are important.  The number of tubes or every single temperature or concentration tested may not be necessary: it is often sufficient to say “five temperatures from 5-40oC or eight solute concentrations from 0.01 to 1M.  
Sometimes students make this section too brief. For example, “the cells were washed and suspended in medium” is not sufficient. Instead you would say, “the cells were pelleted at 5000xg for 5 minutes, resuspended in 0.05 M NaCl, pelleted again and finally resuspended at a concentration of 107 cells/mol in peptone-glycerol broth”.  If a procedure is repeated, you don’t rewrite all of the detail, but just say “washed as above”. 

Analysis including the mathematics used 
Include the rationale for your analysis approach. State the basic assumptions, define what you are trying to determine and include units.  Define and cite any parameter values that you used from literature e.g., molar absorptivity. This section is critical as it explains what you “did with the data” and how to expect to see the processed results.  For example, the reaction rate was determined from the slope of a plot of “concentration vs. time” as determined by linear regression. 


Results
Describe the results of the experiments in the context of your hypothesis and any alternate predictions. The results were obtained in the past so are written in past tense. They may be divided into subsections with subheadings as appropriate.  It is a good idea to prompt your reader with the goal of each measurement by the title of the subsection and a topic sentence such as “To determine if lysozyme was purified by ionic strength fractionation on the CM-52 ion exchange column, we measured the specific activity of lysozyme from each fraction.

Results should be stated directly and, when appropriate, the relevant table or figure should be mentioned parenthetically. For example “the protein concentrations were maximal in the fractions eluted at low salt concentration (Fig. 1)”.  

Processed data should be reported. For example, “The specific activity of lysozyme in the egg white was 817 U/mg: in comparison that of the 1 M salt fraction was 29,000 U/mg, a 35-fold purification”. 



Figure 1. Lysozyme activity for four different types of eggs was measured by the loss of absorbance due to cell wall breakdown. The X represents the data from the white egg;  represents the data from the light brown egg;  represents the data from the dark brown egg; and the    represents the data from the green egg.  

Figures can be either be inserted in the text or accumulated in a Tables and Figures section at the end.  Clearly label your axes and include a caption beneath the figure or above the table.  If a figure or table is in your paper, then you must refer to it in the text! Do NOT, however, include raw data tables or the exact same information in a Table and a Figure. You should point out features of the data such as a linear relationship (this is a result). If appropriate, include summary statistics (e.g., means ± SD).  


	Table 1. Fraction of Tetrahymena reciliated after one hour (mean±SD). The Tetrahymena were deciliated and allowed to reciliate at the temperatures indicated. 

	Reciliation temperature (oC) (number of trials)
	% (±SD) reciliated

	15 (3)
	10.2 (2.5)

	25 (4)
	99.8  (1.3)

	35 (2)
	31.2 (7.9)


Note that the Figure “title” and “key” symbols are only in the paragraph style figure legend found below the figure. Symbols can be found in the font called “wingdings”. Lines are “fit” only if there is a theoretical reason do so (e.g., a known linear relationship or a specific model such as the Machaelis-Menten model. Table titles and legends are located above the Table with enough information to know what the values are and mean (Table 1). 

Discussion and Conclusion
This section should include an interpretation of your data and any conclusions that can be drawn. Explain how the results relate to the hypothesis presented as the basis of the study and relate your results to prior studies with citations. NEVER apologize for your data!  Finally provide potential future directions for research. 

 Discussions are written in the present:  the results you observed are now discussed as though they are real and just as real as other people’s results.  A discussion usually proceeds from the specific to the general (remember the hourglass model of a paper).  Begin very short with a summary of your results in a sentence or two.  Remind the reader of the important trends, etc. without repeating everything.  Relate your results to your own initial hypothesis or question.  Be sure to remind the reader of the results your hypothesis would predict and compare the prediction to what you observed. Don’t forget that “negative” results can be important too, after all, it is possible that you did everything perfectly!  It is also possible that your variable had “no effect” and that your data significantly show this.  Furthermore, in biological systems, sometimes the variability is high and this is an interesting fact!


The next paragraph (s) relate your results to other published work.  The discussion should point out the significance of your findings in this context.

Finally, research is rarely ever “done” so frequently a final paragraph of the discussion will lay out the next steps in the project. 
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TIPS TO AVOID COMMON MISTAKES IN WRITING SCIENTIFIC PAPERS!

1. Keep things simple – the simpler the better.  Declarative sentences and using one word over and over make the paper clearer. 
2. Phrases like “a study of” are not used in titles…of course you did a study!!!
3. “Data” are plural…. And were collected in the past!
4. Introductions flow from the general question (with citations) to the specific – your question… NOTE the Discussion follows this format in reverse – specific discussion of your results to placing them in the context of the literature and next steps.
5. Hypotheses MUST have a rationale.  
6. Some experiments don’t have hypotheses per se – exploratory, simple measurements—so don’t force them to.
7. Lay out any comparisons to be made in the introduction and then follow through. 
8. Methods describe what you did, but not every single step and not necessarily in temporal order (i.e, “first we” and “then we” are rarely found in a paper). 
9. Standard steps like setting the spectrophotometer to zero or using the proper measuring device are assumed… you are good and wise scientists.
10. Methods are NEVER EVER written as “orders” nor as bullet points. This section is a story and  NOT a cookbook! 
11. Results must be stated in paragraph form and illustrated with effective graphs and tables. These must be referenced in the text parenthetically (Table 1). 
12. Raw data does not appear anywhere in the paper – data processed and formatted in a way to support your point does. When processed, the figure legend or text indicates that it is “averaged”, rates (how in methods), logarithmic etc. 
13. Discussion sections should place your data in context of the goal of the paper, past research and outline the next steps. When “next experiments” are proposed, explain what they will accomplish in the context of the problem addressed.
14. Use subscripts and superscripts – H2O and 14CO2.
15. Spell out a number if it appears at the beginning of a sentence.  “100 μl of sample was added to 5 tubes.” should be “One hundred μl of sample was added to 5 tubes.”
16. Use a 0 before a decimal.  For example, use “0.05 M Tris-HCl”, not “.05 M Tris-HCl”.
17. Citations are parenthetical at the end of the sentence e.g.,  (Jones and Smith, 2002) or Jones and Smith (2002) discovered….
18. Take out ALL unnecessary words.  Read your draft aloud.
19. Take your paper to the Writing Center – they may not know the science but they know if you have sentences and logic!  Remind them the language must be spare and direct.
20. Ask 2-3 others to read your paper for mistakes before handing it in!
21. Don’t forget page numbers!

GRADING RUBRIC FOR CHBI 227 PAPERS
Below is a scheme for how I will grade your laboratory papers out of 100 points.  Look this over as you write your paper and again when it comes back to you.


Organization of Paper  (10 pts)
1. Title informative, professional address given
2. Introduction, Methods, Results, Discussion, Acknowledgements present and easily located 
3. References appropriately cited in text and referenced in reference section

Abstract (10 pts)
1. Summary of the entire study in context.
2. Only one paragraph with one or two sentences devoted to the subject and reason for the study, the methodological approach, the key result(s) and what they mean.

Introduction (15 pts)
1. Background material includes an introduction to the topic and an explanation of the importance of the area/study
2. Includes a review of relevant literature and observations that led to the hypothesis or question
3. Includes a description of the question being studied or the hypothesis being tested
4. Includes an introduction to the techniques used to answer the hypothesis or study the question
5. Flows from general to specific

Materials and Methods (10 pts)
1. Experimental methods and design clearly outlined – so that experiment could be repeated but without excessive detail 
2. Data analysis methods clearly explained

Results and supporting figures and tables (20 pts) 
1. Are related to the question being studied—i.e., topic sentences used.
2. Processed data are presented.
3. Descriptive narrative that points out the important highlights or trends of the data, without including discussion or detail of the data that renders the figures and tables unnecessary. 
4. Figures and tables referred to in the text
5. Tables and figures able to “stand alone” and include appropriate content, legends, axes labels, sample size, etc.
6. Figures and tables are easy to interpret

Discussion (15 pts) 
1. Brief summary of results given
2. Results discussed in context of hypothesis/question.
3. Results discussed in context of what was previously known and how this work furthers that body of knowledge
4. Includes speculation as to the significance of the data and why these results were found
5. Includes directions for future study
6. Flows from specific to general

Overall style/presentation (20 pts)
1. Well constructed sentences
2. Good transitions between topics/ideas/paragraphs
3. Easy to read and concisely written
4. Scientific style


TETRAHYMENA DECILIATION: INDEPENDENT PROJECT – PEER REVIEW FORM

We will use the lab time with week to engage in peer review. Each paper will be reviewed by two of your peers who will fill out the following form. We will use the various writing guidelines and tips to guide our comments. The most useful comments are specific and constructive. 

Paper Title:___________________________________________________________________

Paper Author: ______________________________________

Reviewer: __________________________________________

1.   This paper addresses the following question:







2.  This question is interesting and important because (this is a good place to consider grounding in the literature):








3. I understand how the experiments were conducted and how they were designed to address the question asked.  Briefly explain.






4a. The results are:  





4b. The figures and/or tables are effective because:   







5a. The discussion includes an explanation of the results in the broader context of (another great place to cite literature including the text):     






5b.  These results and discussion include next steps OR could be modified to include the following next steps: 








6.   I particularly like the following features of this paper/project:









7.  The following aspects of the writing could be improved: 
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