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Writing a Paper or Lab Report in Scientific Format

· Think about your readers’ needs

· Scientific papers are divided into sections: Title, Abstract, Introduction, Materials and Methods, Results (or Observations), Discussion, Literature Cited (or References)

· Common stylistic problems
There are many books devoted to writing and to scientific writing in particular. This is to give you ideas about what scientific writing is, and a simple plan for how to do it.  Early on, you may be writing a lab report or a term paper for a course. Later, you may want to submit a manuscript to a journal for publication, or apply for a scholarship or a job. Remember, there are many books on style and composition - here we are discussing the form and function of a scientific report.

The most important rule for any writing - think about your readers’ needs. 

What does this mean? Imagine for a moment, now, and then as you write and revise your report, that you are reading it for the first time. Is your information in a logical order? Are your sentences understandable and your paragraphs well organized? Have you described your ideas and results and analyses fully enough, or is there needless detail? Your goal is to teach your reader something, perhaps even to surprise or delight, but never at the end to puzzle, mystify or frustrate.
Who is your reader? For now, your reader is probably your professor or your lab demonstrator. These readers will know a lot about what you are trying to say, but they need to see if you do. The easier your paper is to read and the more complete it is, the better your grade. Later, your reader may be a colleague, or another student, or maybe an editor or a potential employer. These readers might not know much about what you are trying to say, but you can assume that they are bright enough to keep up with you, if you give them understandable information in a sensible sequence. Here, ease of reading can translate into a higher grade, better acceptance of your ideas, publication of your paper, or getting a scholarship or a job.

Regardless of your audience, a beautifully typed paper whose content lacks clarity or intellectual merit will not help you. A useful strategy, unless your paper is for academic credit where you are supposed to be working alone, is to have a friend (preferably more than one!) read a draft and make written comments on it.  If they are puzzled or unsure of your meaning, then assume you have not been completely clear. Rewrite that section(s), even if you think your draft-reader was just being obtuse. Your object is to make your thoughts generally understandable, and it is more likely that you could not see your writing objectively. A friend, who takes the time to read your draft, and criticize it rigorously, is doing you a great service. So, be thankful when they point out your errors and inconsistencies. Another strategy, if working alone, is to leave yourself time between drafts (ideally 1-2 days) so that your errors will be easier for you to detect by yourself. This is not always possible, but it is more likely if you do not leave things to the last minute.
On the other hand even the most brilliant ideas and prose will seldom be given their due if poorly presented. Whenever possible, type your reports and have them printed on a good quality printer. Even neat handwriting is more difficult to read than type. It makes for a physically longer report and, since people’s script develops quirks (even if stylist or artistic) this requires an extra decoding step. Since your goal is to make life easy for your reader, typed copy is essential. A typed report will not give you higher marks by itself, but anything that puts your reader into a better mood cannot hurt. Remember that your reader is likely to have dozens of papers to grade, and other commitments. Furthermore, I recommend typing it yourself, for several reasons. Most people can type faster than they write neatly, and those that cannot yet do so will improve with practice. Secretarial help is expensive, and is becoming uncommon even in many businesses. Word processors simplify editing, and most have spell check; the best also have grammar check.

When trying anything for the first time, there is no substitute for a good example.  

For report writing, you should consult scientific journals, to compare advice here to what scientific writers actually do.  Notable for their clarity of format are biological journals like the Canadian Journal of Botany and Canadian Journal of Microbiology.

Sections of a Report

Scientific papers are divided into sections, for efficient communication of your work and thoughts to your reader. Most commonly these are (in order): 

· Title,

· Abstract (or Summary),

· Introduction,

· Materials and Methods,

· Results (or Observations),

· Discussion, and

· Literature Cited (or References).

Essays and review papers do not have standardized sections. Nevertheless, generally there is an abstract, introduction, middle section, conclusions, and references. Headings are useful for organizing your thoughts, and for allowing your reader to skip to relevant parts.

Headings can be hierarchical, for example I, II, III; A, B, C; 1, 2, 3; a, b, c; i, ii, iii. I have used a less formal system in this article. Blank lines help, too.

A. Title

The title might indicate the topic you will be discussing, for example: Lab 4 - Dependence of photosynthetic activity on wavelength of incident light. Or, it might summarize the take‑home message of your paper, for example: hyp loci control cell pattern formation in the vegetative mycelium of Aspergillus nidulans.  Either way, the title gives your reader their first clue of your paper’s contents, and sets up an implicit contract that your report must then fulfill. Currently, titles are often a one-sentence summary of the main message.
B. Abstract (Summary)
Although it is the first section, the Abstract should not be written until the rest of the paper is done because it is a brief summary of everything else.  It should be understandable by itself, and briefly tell your reader the main messages in paper. 

For example: Aspergillus nidulans grows by apical extension of multinucleate cells called hyphae, which are subdivided by the insertion of crosswalls called septa... This requires coordination between localized growth, nuclear division, and septation. I searched a temperature sensitive mutant collection for strains with conditional defects in growth patterning and identified six mutants...which we called hyp for hypercellular. Phenotypic analyses...of hyp mutants... suggest a mechanism for coordinating apical growth, subapical cell arrest, and mitosis.

Here I described my question, methods and major conclusions, but without details. The ellipses (…) show that I have not reproduced the entire abstract, generally 200-250 words.

C. Introduction

The principal functions of the introduction are to put your work into a general context and to define the particular question(s) you will address. First, you must provide a theoretical, practical, and/or historical background so that your reader will be able to understand what you did and why it was worth doing. Second, you must identify your particular topic.

The first part of the introduction is a mini-review where your statements must be supported by references.  For example in the hyp paper, you would discuss what is known currently about fungal morphology and about nuclear division and growth controls, each time referring to published work. This can help you to clarify your ideas. You should be finding and reading appropriate references from early on, and jotting down ideas as you go. However, leave writing this section until after you have a good draft of the discussion. Your ideas about your work and its significance might change considerably.

A “statement of purpose” comes after the “review” part of the introduction.  For example, “Here we describe the characterization of ... five genes that appear to play roles in mycelial cell pattern formation... The hyp mutants have abnormally short subapical cells...but complete the asexual life cycle at restrictive temperature suggesting that they mislocalize growth cues that are required to establish wildtype mycelial growth patterns.” 
There are several methods for citing your sources, one of the most common is called the "name‑date" method.  For example, “Septa are formed with a uniform spacing along vegetative hyphae (Fiddy and Trinci, 1976), and septum formation is dependent on mitosis, nuclear positioning and attainment of a critical cell size (Wolkow et al. 1996).  For each reference, the complete citation must be given in the Literature Cited (Reference) section, discussed later.  Papers with three or more authors are given an abbreviated format in the text: et al. meaning “and the rest”.

You must avoid extensive use of direct quotations from your references, which are out of place in scientific writing.  A citation is not an excuse to let another author speak for you.  Instead, you should state in your own words what you have learned from your reading, while crediting the ideas and facts by use of citations. You can learn how to do this by reading the literature.

D. Materials and Methods 

Here you describe how you did your experiments and analyzed your results. This is the easiest section to write, and is generally done first. You need not describe every detail if you used a method that was published elsewhere; you cite your source.  For instance, “Nuclei in fixed hyphae were stained with the DNA‑specific stain, mithramycin, following the method of Heath (1980).” Remember to have full details of where to find Heath (1980) in your reference list.

Try to get a good balance between detail and citation. Even if every thing you do has been done exactly like the cited method, it helps to give a short description.  This makes your paper easier to read, which you will remember is the most important rule of writing. So for example, although if you followed Heath’s (1980) method exactly you might say, “Briefly, fixed hyphae were stained for 5 min in 100µg/ml mithramycin (a gift of Pfizer, Pointe Claire-Dorval, PQ) in PIPES buffer, rinsed in plain buffer and mounted in Citifluor (Marivac, Halifax NS).” If your reader wants more information, it is in Heath’s paper.  You would need to describe any changes from your published “standard”, and explain substantial ones. The first time you mention a chemical or piece of equipment you must give its source, which helps those repeating your work. In my example, mithramycin and Citifluor were mentioned for the first time, unlike PIPES.

If you have no reference to cite for details of your methods, you must state every essential step so that your reader could repeat your experiment. Give recipes for solutions, how and when they were applied, for how long.  Following a published example will help with style. Avoid shopping lists for standard glassware and equipment. Be sure to indicate aspects of your procedure that, if done otherwise, might well have caused the results to be different. These facts will be important in comparing your results to what others may have seen when using similar procedures.  

Generally, you will have to explain how your data were collected. How were your specimens grown and/or what growth phase were they in.?  If cell numbers were monitored, how was this done and at what intervals?  If morphology was examined, what aspects were considered and how were they described or quantified? For experimental reports, quantification is a more rigorous form of reporting than description, but often they are combined. Avoid ‘many’, ‘some’, or ‘a few’ in favour of ‘>80%’, ‘half’, or ‘≤10%’.

Finally, write this section in the third person, past tense, and passive voice.  Do not say, “I boiled three flasks.” Do say, “Three flasks were boiled.”  Above all, do not write this like a cookbook.  Do not say, “After 24 hrs, examine the tubes for growth.” Do say, “After 24 hrs, tubes were examined for growth.”  

E. Results  (or Observations in a descriptive paper)

Here you state and show what you saw or measured.  Do not make major conclusions or discuss the data.  That comes in the next section. Data are not presented "raw"; they are analyzed so that they are meaningful.

For example, if you monitored growth rates by taking four cell samples every hour, then average the counts, don’t use each of the four individual counts. Most important here are the final values, expressed as the average number of cells per ml, plus or minus a measure of variation like standard deviation. You must also state what measure of variability you used, and the overall statistical significance.

What about photographs, a special kind of raw data? They must be typical or representative (or occasionally exceptional)—depending on the point you are trying to make—and indicated as such.

Generally, scientific data should be given as tables and figures (graphs and photos), each with a number and a title.  The text in the Results section should act as a tour guide, leading your reader from item to item (every figure or graph must be referred to, and in order), and drawing attention to the highlights, especially to those that will be important in making conclusions. What, if anything, all this means is given in the discussion. 

Results are written in present or past tense, preferably active voice. Present tense is more appropriate when describing results that you think represent absolute values.  (The size of human red blood cells is about 7 µm, and you would expect any other researcher to find the same number.)  Past tense is more appropriate when describing unique aspects of your results, such as a percentage increase in reaction rate at an elevated temperature.  It is possible after all, that if someone repeats your work they may not find quite that exact percentage increase, although you expect them to find enough of an increase to agree with you that temperature has a stimulatory effect. 

F. Discussion
This section has two purposes:
1. to draw conclusions from your results, and
2. to compare your results to:

i) what others have seen, or

ii) what might have been expected in light of theory or hypothesis.
It is impossible to fully interpret your own data without referring to related work.  If you are writing a paper describing the differences between certain cells in two tissues in your own research, you must refer to what others have seen before in that or other species.  If nobody has looked at these particular cells before, still there is work on what some other cells look like, and so you should be comparing your cells to those.  Where your results are different from what is expected, you should be proposing possible explanations.  This, of course, might well involve you even more deeply in the literature, as you research the different functions of various organs or in the metabolism of separate species.

Of all the sections, the discussion offers you the greatest opportunity for creativity. Use it, but do so wisely—remember, scientists must be constrained within the facts and laws of nature. 

G. Literature Cited (References)
Often, shortcomings in a paper can be traced to inadequate amount or quality of reading.  It is distressing to read a 15-page report and see that only two sources are referred to over and over again.  Your ideas must be supported by a variety of authoritative sources. For details on how to find these sources, see Library Lore. For details on how to manage references, see Endnote at the library.
Wherever possible, use original research literature, articles or books in which ideas and data are presented for their first time.  If you are reporting on experiments on the effect of light intensity on photosynthesis, and are stressing in your discussion the similarity (or difference) of your results to those expected, you should cite the original articles from which those data come.  Such articles are found in journals with names like "Plant Physiology" or "Proceedings of the National Academy of Sciences", but not in "The World Book Encyclopedia" or in your first or second-year textbook. Original research papers are good models to study for the format you are now reading about.

Another kind of reference is a review article, either in certain books (such as  "Annual Reviews of ..." or "Current Progress in ...", etc.), or sometimes in journals which also have original research results.  Review articles analyze current knowledge on a certain topic.  These papers are invaluable for the new ideas authors often propose, as well as for their extensive reference lists.  Monographs are books devoted to a single subject and are like long review articles, and they should be used in the same way.  Of a distinctly lower order of value are textbooks, except for texts in advanced courses, which may actually be monographs.
Finally, there are websites. These are increasingly popular with students, since they are easy to find and access, but less so with academics, since they are difficult to validate. I expect my students to read refereed articles, and become skeptical of their diligence when I see references to websites. What about journals that are exclusively published electronically, and electronic preprints of forthcoming journal articles? These are legitimate, but will say “published on-line on  …” and will have a standard journal format.
In writing this section, include only those sources to which you have already referred to in your report.  Above all, do not use this as a place to mention papers that you have not cited but only read along the way.  List each reference alphabetically by first author, and use the “hanging indentation” form of indentation (shown below) to make it easy for your reader. Be consistent! 
Sample standard format for a journal article:

Hunsley, D. and J. H. Burnett.  1970.  The ultrastructural architecture of the walls of some hyphal fungi.  Journal of General Microbiology, 62: 203-218.
for a book:
Alexopoulos, C. J.  1962.  Introductory Mycology.  2nd. Ed. John Wiley and Sons, Inc. New York.
for a chapter in an edited book:
Grove, S. N.  1978.  The cytology of hyphal tip growth.  In, The Filamentous Fungi. Vol. 3.  Edited by J. E. Smith and D. R. Berry.  John Wiley and Sons.  New York. pp. 28‑50.
Common stylistic problems in scientific reports

Poor or missing topic sentences:

Topic sentences:

1) are paragraph titles, and should be understandable on their own,
2) should be enticing.
Exciting topic sentences: 

“The flow of information does not stop at the hippocampus. Instead…”

“Memory permits animals to acquire, retain, and retrieve many kinds of information. Without memory…”

Topic sentences that could be improved:
 “Simply put, no one is sure what memory is.”
This statement reduces the force of all that follows. If no one is sure, why bother writing about it? Furthermore, we can define memory in broad and functional terms; it is the neuronal and biochemical basis of memory that is not understood fully. 

 “This is passive decay which dictates…”
This depends on something from the last paragraph.
Active vs passive voice:
Active voice is more vigorous, more engaging, and so it is more interesting to read. Generally it requires fewer words, which is a kindness to your reader. This may be critical for reports or grants with a rigid word limit. Nevertheless, passive voice is traditional for Materials and Methods.



Passive voice:



Germination of spores results in the formation of hyphae.


Active voice:
Spores germinate to form hyphae. 
Memory systems have been seen to have to ability to evolve over time in response to certain environmental pressures. -OR- Memory appears to be an adaptive response

In this paper, current models on the cellular mechanisms of memory will be presented. 

-OR- Here, I will examine current models of the cellular mechanisms on memory.
Sentence order and structure
Inversions


Word order does not necessarily affect sentence meaning. However, a phrase placed before the main clause is temporarily in limbo. Inverted sentences require extra effort to decode. They give emphasis to the initial phrase, but are problematic if that phrase is overlong. In these examples, the main clauses are underlined.
Example: “To monitor polarization kinetics, spores were inoculated....”


Example:  “To determine the effects of various inhibitors such as cytochalasin A, nocodazole, or calcium channel blockers on the kinetics of germination tube emergence, a marker of polarization efficiency, spores were inoculated … “
 Before information can be stored as memory, sensory data must first be processed. -OR-
 Sensory data must be processed before it can be stored as memory.

The stations are connected such that a sequential pathway, one for each sensory system, is formed. -OR- The stations are connected as sequential pathways, one for each sensory system.

Parallel construction
Present information in grammatically similar form. Ensure that ideas linked by ‘and’, ‘or’, ‘but’ are equivalent in form or type. “Bad” examples:
Declarative memory is the ability to consciously recall facts, events, or specific stimuli. Implicit memory operates automatically and controls behaviours. -OR- Declarative memories are those which can be consciously recalled, whereas implicit memories are skills and habits. 

 “First, the development of…Second, it has been argued that…"

“Comparing humans and other invertebrates…” implies that humans are a type of invertebrate.
Write simply, and eschew obfuscation!

"Bad" example:
“It is easy, for example when writing down complex thoughts (reports and essays), to make your sentences as complex as your thinking about your topic (particularly using multiple related modifiers [sometimes called boxcars] and/or subordinate clauses [worse yet: parenthetical asides!]) in your quest for precision—a clever reader may still grasp your meaning, but perhaps ‘get’ only part of it.”
Long sentences are difficult to decode, even if grammatically correct (this is from a publication!):
"Although the study of memory in living organisms is exceedingly difficult, the precise understanding of cellular mechanisms of memory would be invaluable in describing the differences between types of memory (Young and Conchar 1992), in tracing the evolution of memory (Campbell 1993), in understanding the development of memory in the individual (Tice and others 1996), and in the development of treatments for neural diseases such as Alzheimer's (Brinton and others 1997; Graf and Kater 1998)."
· This is 75 words, 497 characters—far too long to be read without effort. 
Wordiness

This can come from passive vs active voice, or arise spontaneously. How many words you can dispense with, while retaining the meaning? Strive to be concise.

Wordy:  Inverted sentences are useful for focusing the reader’s attention by emphasizing the importance of the initial phrase.
Concise:  Inverted sentences give emphasis to the initial phrase.

 A question worth asking is whether… -OR- Does…
Numerous studies have collectively brought about the conclusion that the hippocampal system is …” -OR- The hippocampal system is … 
“It has been found that” can generally be deleted without loss.
It can be seen from this evidence that… -OR- Thus…

The hypotheses that have been postulated in an attempt to explain the expression of LTP are as follows… -OR- Current models include…

Modifiers
Be precise, not relative. Avoid overstatement.
Example:  “Many are still apprehensive to implicate LTR as an explanation for memory formation.”

· How many? More than half? Smith and Jones (1989) and Brown et al (1997)? 

· How many who? Researchers are implied, but trivial nonsense has not been ruled out.

· Apprehensive – uneasy in mind, fearful. Try “unwilling”

· Implicate – deduce from incomplete data
Abbreviations

Some abbreviations are generally accepted, such as “km” for kilometres. Others are typical for a discipline: FITC for “fluorescein isothiocyanate”. All but generally accepted abbreviations should be defined on first use, and/or be listed in a footnote. It is convenient for your reader to have both. Journals have instructions on their required style.

For brevity’s sake, an author may choose to define an abbreviation for a frequently used term or phrase, such as FSEM for “freeze substitution electron microscopy”. Remember, abbreviations require an extra decoding step from your reader. Use them sparingly.


e.g. and i.e. 


e.g., means “for example” from the Latin, exempli gratia 



i.e., means “that is” from the Latin id est.

These are generally accepted abbreviations, but they still require decoding and they do not save many words. They are not synonymous. Consider using “such as”, “as in”, “so that”, and so on, to avoid decoding.

Punctuation
Colons ( : ) direct the reader to consider a list; semicolons ( ; ) separate related but independent clauses.

Be prepared to edit.

With planning and practice your first drafts will require less and less editing. However, seldom will they be flawless. Spell and grammar check routines will identify simple errors, but you must read your paper for scientific content and sense, continuity, and proper order of thoughts. It is easy to edit on-screen, but surprisingly difficult to identify errors other than the trivial. Since your paper will likely be graded after it is printed out, edit it on a printout. Double-spaced copy helps with editing and is accepted (or even required) for many types of report. Check what format is preferred.
Finally, use spell and grammar check! 

Sloppy spelling is ongoing frustration for many faculty – even if it doesn’t matter to you, it does to us, to editors, and to scholarship and grant selection panels. Sloppy spelling and poor grammar are distracting, and detract from the quality of thought and effort that you put into your writing. This is the easiest part of your writing to perfect (there are lots of books available on basic grammar, as well as resources available at many institutions) so it is critical to the overall impression you create. 

Spell and grammar check are two of the most useful word processing tools that have been developed, and they are becoming increasingly sophisticated. They can be trained to recognize words that aren’t included in the default dictionary, and they can correct common typos as you work. But, remember that they are tools, and not infallible. Check every instance where the program flags your text. Equally important, check where the program doesn’t flag, since a correctly spelt but inappropriate word will not be queried.
