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The task of writing scientific reports based on independent practical or theoretical surveys is an important part of science. No matter whether you work in scientific research, industrial development or state administration, writing reports will be an important part of your professional life. The KJM2010 course is designed to provide training in the skills needed to be competent in planning and executing a short research project. Under individual supervision you shall plan a project, conduct the laboratory work, calculations and literature research your topic calls for, and finally present your conclusion in a report. The scientific report is a genre in its own, and many will say a difficult one. At least the first few times you encounter it. In this short note you will find practical advises on how to write a proper scientific report. 
1. Getting started
The most common error to do when we start on a scientific assignment like this one is to believe that the report is the last task to encounter on your project. The time and effort of this part of the job demands is often underestimated. When left to the last moment, we most often find ourselves short of time to tie all the strings of information together leaving holes in the story. In fact, to make a good report, the publication should be on your mind from the very start of the project. It is therefore a good habit to line out the basic structure of your report along with the initial planning of the project. And it may be the best remedy against writers block.  

“But I don’t know anything about the contents of the report before I have done the job“:  you may argue. Yes, you do. You will not have the detailed information needed, and you will not have the answers to all the questions, but when you have read the following parts of this note, you may find that you have quite a good idea about what pieces of information you need to tell your “story”. And even better: You may find that your total project benefits from this early planning of the publication. You start to ask yourself essential questions about your hypothesis and methods and may discover problems at an early stage. No matter how preliminary the initial sketches of your report are at the beginning, it will pay off at the end of the project. You may need to adjust the angle or change the main title, but as the information starts to flow in you can fill inn the subsections of the report as you go along. 

It is also important to start your literature study immediately. Define what you need information about and start the initial search as early as possible. Even though some articles may be directly available through SciFinder, a lot of material has to be ordered. You will need time to read all the material and you will find that you need several additional searches for supplementary information as your knowledge on the subject expands. If you need to contact other scientists or government agencies etc. in search of information, it is important to keep in mind that people are not just sitting in their offices waiting for your call. They may be away from office, in meetings, on sick leave, or simple to busy to help you at the moment and it may take weeks to get access to the information you need. When you plan the schedule of your project it is therefore important to account for the hours you need to spend on literature search and reading. Search early, search often!
2. Planning your project
Step 1: Do a brain-storming on your initial idea
When you start your scientific project with the project description and tentative title from your supervisor, you will have a more or less defined idea in your head what your project is about. As the report represents the answers to your scientific survey your project planning naturally represents the questions. When you do your planning it is a good idea to write down these questions. By doing so you may find that what seemed quite simple when we think about it, rarely is that simple when put down on paper. Questions often bring up further questions and force you to dig deeper into the subject. During this initial brain-storming you should try to cover all aspects of the project with question marks:

· What are the idea and my main focus of this study?

· What shall I cover (and not cover) in this study?

· Why is this subject important (motivation)?
· What background information do I need? Where do I get it?

· What laboratory work or calculations will I need to do?

· Do I have the reagents and equipment needed?

· What do I know (and not know) about my methods? 

· How can I interpret and discuss my results?

· What other scientific work can my study be compared to? 

· What will be the implications/consequences of my results?

· Who are the reader group of this survey?

· How can I best present this subject to my readers?

These are points that you naturally will have to cover in any scientific project whether it is a small survey or a huge million dollar international project. Each of these points may be divided into multiple sub questions depending on the complexity of your task. When you have your list of questions ready it is time to move on to the next step.

Step 2:  Discuss the project with someone  
With your now thought through project and list of questions in hand, try to present your project and initial ideas to someone else. In this case it will naturally be your supervisor during the course. He/she will tell you whether or not you are on the right track and point out weak areas where you need more information. Together with your supervisor you should now try to delimit your assignment. That is to define what your survey is about, and what it is not about. Following this discussion you will have to make more detailed plans for your literature studies, laboratory work or calculations, but before going further with these plans you should take the time to move on to the next step and establish a text file with a rough sketch of your report. 

Step 3: Prepare a sketch of your report

At this point it is a good idea to make a preliminary title. With your tentative title, delimited task and list of questions, it is now time to establish a text file with the most rudimentary structure of your report: Title page and rough titles of subsections and sub-subsections (se also section 3). Establish a literature list where you can fill in the full references as you find them. Fill in the questions preliminary in the areas of your report where you feel they belong. Do not use a lot of time on this point and don’t fill inn any details or discussion yet. It is just a rough sketch of the structure.
Now that you have started on your report, it is easy to add and edit information as your work provides answers. One huge task is broken down into many smaller ones. When you finally are ready to write your report and put together “the story”, you will find most pieces of the puzzle is right on the table in front of you - And many of them are already in the right place.

-

How do you eat an elephant? One piece at the time
3. The structure of the report
The structure of the scientific report can be described as the opposite of an Agatha Christie novel: We want to reveal the “plot” to the reader as early as possible, and we want the reader to understand every step of the process, every piece of information as clearly as possible. The reader should not have to read through the entire report to find out what it is all about. This is reflected in the form and structure of the scientific report. You guide your reader step by step through to the conclusion. To help your reader understand your project, the classic scientific report is divided into standard subsections that follow in a standard order.  
Abstract

It is common to start with a short abstract or summary with a short résumé of your task and findings. This should be very brief (max. one page). This is often the last part you write.
Table of contents

Don’t forget your table of contents. It helps your reader to navigate through your report.

Introduction

In the introduction section you prepare your reader for the subject. It should not be to long (rule of thumb: max. 20% of the text), but it needs to cover three essential elements:
1. A general introduction to the subject (what is new)
2. Definition of your task (delimitation)
3. The motivation of the study

Start wide and narrow in the subject so that the reader understands where in the scientific world this is heading, what your project is about,  and not to forget why this is an interesting/important task to investigate (the motivation of the study). Who the report is intended for (the reader) may determine the type and how much information you need to include. You may want to express explicit hypotheses at this point and indicate how you are going about to test them. But remember: Be very brief at this point. 
Material and methods

If you are going to present data that you have generated by your own laboratory work, theoretical calculations, field work, use of models or other statistical manipulation of data, you need a Material and method section in your report. The only time you are allowed to skip this section is if your project is a pure literature survey in which you do not generate any new material yourself. 
In this section you briefly present the instruments, methods, materials, substances, models etc. that you have used to generate your data and results. Again remember to be brief. This is not an opportunity to write a full scale dissertation on each instrument. Include only information that is necessary for the reader to understand your work on this project. Use instead references to guide the reader to more detailed information. If very detailed information are essential, for instance to be able to replicate the experiment, you can always add the complete procedure in an appendix. In some scientific communities it is common to call this section Experimental instead of Material and method.  

Results and discussion

This is the section where you present and discuss what you have discovered during your work. This is where you put all the pieces of information together to a bigger picture to answer the questions of your project. Depending on the task, it may be natural to divide this section into sub-sections. 
It is very important to keep the objectivity in mind here and not say more (or less) than the data are good for. It is important not to exclude data or information that “does not fit” arbitrarily. If we are going to exclude data or information from an analysis, we need to have a very solid reason to do so. And we must always tell the reader the number of data points excluded and of what criteria we have done so (e.g. statistical exclusion of outliers). 
You will need a scientific discussion of your results. That is, to tell the reader how you interpret your data in terms of your initial task. You cannot just present a big load of data, tables and figures, and leave it to the reader to figure out what this means. Figures and tables should be clear, and the reader should be able to understand their purpose in the “story”. All data presented should be presented with a significant number of digits. You will have to guide your reader logically though the results in order to understand how and why this answers your initial questions. You should compare (refer) your work to previous work in the same field. And finally, you should point out important implications or consequences of your findings. 

Conclusion

In the conclusion you sum up your main conclusions in short version. In this section you will have to provide answers to all parts of the task you defined in the introduction. If your task consists of three sub-questions, then all three questions should be answered. This does not necessarily mean a positive or negative conclusion (confirmation or rejection). The data you have access to could prove to be inconclusive, but you still have to address the subject. You should not bring up new information in the conclusion, but you are allowed to point to future work, need for further surveys, consequences of your conclusions etc. But remember, the conclusion should be relatively short, to the point and strictly objective.  

Acknowledgement

Acknowledgement is a short section, usually following the conclusion, where you can acknowledge (say thanks) the contribution of others. It could be colleagues, organisations or financial supporters that have made contribution to the project, but still do not qualify to be an author of the publication.   

References

The list of reference contains a complete list of all external sources of information that you have used to support your study. You will find more about references in section 4. 

Appendixes
In larger reports it is common to provide information that is important and relevant to the study, but that because of its volume or type is inconvenient to incorporate into the general text. This could be large amount of detailed laboratory information, relevant raw-data or maybe maps, illustrations or figures.
4. The use of references
In a scientific report it should be absolutely clear for the reader what part of the material that is the work of the author and what information that is obtained from other literature. Correct citation is extremely important in science and failure to provide proper references to the information you use will be considered bad science or in worst cases scientific fraud. In science we need to build our own research on top of the work of others. If we don’t provide good references we do not only deny other scientists credit for their work, but we also deny the readers of our report access to the material we have used to support our work. Finally lack of references will disrupt the communication, quality control and progress within our scientific community. Form, length or language of the source of information does not matter. The point is that it is not your own material and that you need it to support your own study.
So when and how do we use scientific references in our report? Since your reports will be heavily based on a literature study, it will obviously be packed with references as you present the material you have found during your search. But also other parts of your report may call for references. You may want to use references to explain your motivation for the study, or background information on analytical instruments or methods if your assignment includes laboratory work. If you do theoretical calculations you probably need provide details of program origin, statistical methods or background theory. As you move on to the discussion of your results you may again call references to compare your results to other studies and point out the significance of the conclusion. In short: We may call references throughout the entire report from the introduction to the end. 
A correct scientific reference consists of two parts: A ”tag” in the text that identifies the reference and point out to the reader that a reference is used, and a complete list of references (end of the publication) that provides the exact identity and source of the individual references. There exist a one-to-one relation between the identity tags and the individual entries in the reference list: The source of all tags shall be identified by an entry in the list, and all references in the list shall be used somewhere in the text. 
In scientific work we find two major systems for reference identification in use: 

1) Name tags. In this system the tag in the text consists of the surname of the author and year of publication: “this substance is believed to be influential on human reproduction (Brown 1979). Later work concludes that this is caused by the structure mimicking oestrogen (Nelson 1989, Nelson and Brown 1990, Lee et al.1992)” Notice that in case of two authors both names are mentioned, and in case of multiple authors the name of the first author is followed by et al. (which means and co-workers). In the following reference list the individual references are organised alphabetically after the name of the first author (all authors of the publication are listed).
2) Number tags. In this system the tag in the text is simply a running number in brackets: “this substance is believed to be influential on human reproduction [1]. Later work concludes that this is caused by the structure mimicking oestrogen [2,3,4]” This method provides more compact text and is often the preferred by scientific journals. The numbers are assigned in increasing order though out the report, but the number is used to call the same reference if used again later in the publication. In the reference list, the individual references are organised by number. 
Both systems have their advantages and disadvantages, and it may or may not be your choice which one to use. But remember to be consequent in how to tag your references and organise the reference list. 

The tag should be placed in the text as close as possible after the information it refers to. Usually this means in the same sentence or at least in the same section for more complex information. If information from different sources is presented put together in the same section it should be clear what reference is pointing to which piece of information.
In the reference list the complete information a reader needs to find the publication should be available: Scientific articles, books, reports, newspaper articles, magazines, personal communication, and internet pages, complete information is needed no matter what kind of source. Author(s), organisation, title, journal or publisher, issue, page numbers and year are usually needed to identify the source. Following you will find some examples:
Article: 
Vega KJ, Pina I, Krevsky B. Heart transplantation is associated with an increased risk for pancreatobiliary disease. Ann Intern Med 1996 124(11): 980-3.
Report: 
Field MJ, Tranquada RE, Feasley JC, editors. Health services research: work force and educational issues. Washington: National Academy Press; 1995. Contract No.: AHCPR282942008. Sponsored by the Agency for Health Care Policy and Research.
Book: 

Ringsven MK, Bond D. Gerontology and leadership skills for nurses. 2nd ed. Albany (NY): Delmar Publishers; 1996. pages.
Proceedings: 
Kimura J, Shibasaki H, editors. Recent advances in clinical neurophysiology. Proceedings of the 10th International Congress of EMG and Clinical Neurophysiology; 1995 Oct 15-19; Kyoto, Japan. Amsterdam: Elsevier; 1996.

Dissertation: 
Kaplan SJ. Post-hospital home health care: the elderly's access and utilization [dissertation]. St. Louis (MO): Washington Univ.; 1995.

Patent: 
Larsen CE, Trip R, Johnson CR, inventors; Novoste Corporation, assignee. 
Methods for procedures related to the electrophysiology of the heart. US patent 5,529,067. 1995 Jun 25.
News article: 
Lee G. Hospitalizations tied to ozone pollution: study estimates 50,000 admissions annually. The Washington Post 1996 Jun 21;Sect. A:3 (col. 5).

In press: 
Leshner AI. Molecular mechanisms of cocaine addiction. N Engl J Med. In press 1996.

Internet:
The Norwegian Institute of Public Health. Facts about CONOR - Cohort of Norway, [http://www.fhi.no/eway/default0.asp?e=0&pid=225] access date 27th jan. 2006. 
Pers. com: 
Gadmar TC. Department of Chemistry, Univ. of Oslo, P.b.1033, 0315 Oslo, pers. com. 2006.
5. Layout, form and presentation
Depending on the subject your report should be dimensioned to include about 10-30 machine written pages (12 point Times Roman, single line spacing) + graphs, figures and tables. Evaluation is focused on quality, not quantity. If you worry that your report seems to be too short or too long, discuss this matter with your supervisor well in advance of the deadline. 
The front page of your report should at least include the title, your name (the author) and the year. You may also find it natural to include information like: ”Report from KJM2010”, “University of Oslo” and “Supervised by …”. Maybe you would like to include a picture or other illustration on the front page.

It is a difficult but important task to make a good title. The title is the entry portal for your publication and should provide the reader with a good clue on what this is all about. In science we try to avoid the spectacular titles of the tabloid press. These short and fancy titles are designed to sell newspapers, but unfortunately often disappointing and misleading when we read the article. Titles like “The major breakthrough in theoretical chemistry”, “The column of the future” or “All you need to know about nanotechnology” will not be taken seriously in the scientific community. The rule of thumb is that a good title should be wide enough to cover your subject completely, and narrow enough to define the border of your assignment. It is also a good idea to include major keywords in your title.
After the front page, your report should contain a short abstract followed by a table of content. Your main text should be typed in 12 point Times Roman or equivalent fonts on numbered pages. Tables and figures should be large enough; half a page to one page is usually a good size. Remember to include good and explaining legends to your figures and tables. Legends are placed under figures and over tables. Number your figures and tables and refer actively to them at proper places in the text. This binds the material together and leads your reader through your presentation of the subject. Remember also to add references to your legends if the material origins from an external source.
The language of the report is kept in an objective form. Usually by avoid using the personal forms like I, my, me etc.  This may seem strict but this form underlines the objectivity; that it is “the data that speaks” and not our personal interest or opinions as scientists. Be aware of the tense use. 
6. Last minute checkpoints
No matter how well we planned, the finishing of a project before deadline always seems to be hectic in the end. Here is a few last advises before handing in your project:

· Read through your entire report from start to end. 

· It is always a good idea to run a spell check. 

· Check your list of references. All used in the text and none forgotten.

· Check that the number of your figures and tables are correct.

· Check that your table of content points to the correct page numbers.

Good luck!
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