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Reading the Primary Literature in Science

Scientific knowledge is fundamentally uncertain. As scientists, we accept or reject scientific arguments on the basis of judgments about their uncertainty. Moreover, a critical evaluation of scientific theory requires that we accept the tentative nature of the theoretical analysis and the assumptions supporting it. Remaining skeptical about the certainty of empirical results and their interpretation, while tentatively incorporating this information into a particular view about a problem, is admittedly difficult. 
What strategies foster critical thinking when reading the primary scientific literature? To understand the implications of data or a particular theoretical analysis from an original source we must have already formed certain habits of reading the literature. In this course, we will analyze some experiments that attempted to falsify or support important biological theories or that lead to the development of new theory where none existed. We will gain experience identifying hypotheses, understanding the experimental designs, and judging the soundness of the basic assumptions invoked by the authors.
A suggested approach is described below, though not all questions are equally applicable to all papers. (A lot will depend on whether you are reading in a particular field as a novice or with considerable background; be aware that a full analysis often cannot be done without reading additional references.) Try to assess each paper according to these guidelines:
· Read through the abstract and/or introduction (and conclusions) once and attempt to write down the general biological question(s).
· Read the methods and results of the paper carefully. Write complete sentences stating as concisely as you can the hypotheses the authors test. These may be very specific compared to the general theory, and sometimes they become clearer in the discussion/conclusions section. Do these hypotheses arise from predictions made by a particular model? If so, describe the model. You may find it helpful to reread the introduction. Note that what often looks like a question (or "getting information") can be restated in the form of a hypothesis. Where appropriate, list alternative hypotheses mentioned by the authors.
· Study the methods and describe the experimental design(s). What exactly is being observed or measured, and what outcome of these measurements (data) would support or reject the hypothesis? Are any important assumptions being invoked in the model and design that qualify the importance of the results? If molecular reagents are being constructed, what are their key features and how does this relate to the experiments in which they will be used?
· What exactly are the results? Carefully examine graphs, tables, and figures for the information referred to in the text. Can you explain and interpret every lane on the gel, every line on the graph, etc.? How would it look if the results were different? Can you see any obvious technical constraints? Are sample sizes or number of replications sufficient or will you be skeptical about the results obtained? If appropriate, are the experimental data analyzed statistically? Were there any unexpected problems in the way the experiment worked so the design could not be followed exactly? How much confidence do you have in the results? (This is both a subjective question and an objective one. The objectivity is provided by appropriate experimental controls or by statistical analysis allowing for the calculation of the probability that chance alone was capable of giving a particular result.)
· What are the authors' conclusions? Do the authors interpret their results in light of stated testable hypotheses?
· Read the 'Discussion' and relate the results and conclusions the authors emphasize to your original statement about what interests us in these experiments as biologists. Do they have unanticipated findings? Are their results inconsistent with existing theory? Is there some serendipity involved in the importance of their findings? Does the interpretation of the results go beyond what the results actually indicate? Are the investigators overextending their analysis in order to bolster a view that they feel strongly about? Is it OK to do this?
What if I can’t find anything wrong with the paper?
Some papers are very good but none are perfect. At the least they raise new issues for investigation (if we accept this paper, then what experiments should come next).
A critical evaluation seeks not only to find fault but also to highlight strengths. You might want to discuss why the experimental design was powerful, or the data clearly presented. You might also point to areas for improvement in design, analysis or presentation. Acknowledge that not every flaw is fatal, and perhaps discuss to what extent (if at all) a problem limits the interpretation or conclusion made by the authors.
At what level of detail should papers be examined?
No detail is too small!  Why?  Philosophers of science have argued that the great success of Western science comes in part from the reductionist approach, whereby complex phenomena are dissected into smaller components and each of these examined. A corollary of reductionism is the colloquialism ‘the devil is in the details.’ The lesson for us is that NO DETAIL IS TOO SMALL for questioning and discussion, so long as it pertains to the larger issue. Ask yourself, would altering this detail change the results enough to affect the conclusion? In what way(s) might the results change? How could I test my proposition?
Should I accept the data in the paper at face value?
Generally, yes, but also try to imagine alternative datasets and their meaning.
Science works by evaluating data against theory. The data are paramount! They impel us to reject, modify or gain confidence in our hypotheses and theories. Of course, we should constantly question the validity of the methods that produced the data. Though generally we should give authors the benefit of the doubt and assume they are competent and knowledgeable about their subject. 
A second question to ask yourself when reading papers is what would the data look like if the hypothesis were false (or true)? Mentally constructing a data set that provides the alternative conclusion to the one presented by the authors can be a valuable exercise. Occasionally this exercise can reveal that an experimental design is flawed because it couldn't have produced the alternative result. Regardless, the exercise will ensure that you understand the variables and measurements, as well as the structure of the figures, graphs and tables presented in the paper. 
What do I do about all the statistics in the papers?
Just pay attention to the stuff you understand.
Statistics come in two broad classes. Descriptive statistics simply summarize a set of measurements. Descriptive statistics include such values as the Mean, Mode, Range, Variance etc. They provide the reader with a way to quickly evaluate a data set without undue effort or the influence of mental bias(es). You should all be familiar with Descriptive Statistics.
Inferential Statistics are perhaps more difficult to understand. The goal of Inferential Statistics is to aid researchers in making decisions from data. Decisions such as whether observed patterns in descriptive statistics are meaningful. For example, is the difference between two means due merely to chance (sampling error) or does it reflect a ‘real’ underlying difference between the two groups represented by the means? Similarly, is the observed correlation between two variables a chance effect or real?
In Biology we generally accept that a statistical pattern (difference, correlation etc.) is meaningful when the probability that it is just a chance effect is less that 5% (hence P<0.05 is taken as a significant result). The 5% cut-off is arbitrary! There are myriad ways to calculate P for different sorts of data and different comparisons. If you understand some of the inferential test methods you encounter in papers we read,…great! For those that you don’t understand, simply assess the meaning or conclusion that the authors derive from the test. Usually you can discern this by considering what data were analyzed, the P-value generated by the test, and the statement that accompanies the numbers. If you look carefully, you’ll see that authors usually state the meaning to be drawn from each statistical test.

You should approach each paper with 'cautious optimism.' Assume you will learn something useful, but don't assume it will be exactly what the author wants you to learn. Don't simply wade through the paper linearly, front to back. Treat it hierarchically, skimming for the big picture, and then working over the details that seem most important later. Ask yourself the following questions: 
What do the authors want you to think they have shown? A good Title should indicate what the authors think is the really big point of the paper. It is a sales pitch, intended to lure you in. The Abstract summarizes the question, the answer, the methods that led to the answer, and maybe the implications. This is meant to 'make the sell,' to convince you to invest the effort to read the paper. The Introduction should set up the big picture and explain why the question and answer addressed in the paper are important - worth your while to work through. Are you convinced? The Methods explain the logic of the design and analysis of the data. This often goes to a level of statistical sophistication that is beyond this class. We will do our best to understand the logic without getting bogged down in the arcane details here. The methods are supposed to be complete and precise enough for us to replicate the study, if we wish to verify that the result is not a fluke. The Results describe the data. Again, the statistics may be beyond us. Even so, we should be able to understand the logic and interpret the figures and tables. Each of us will come to a point where we just have to trust the author and press on because we just don't have time to dig to the bottom of every detail. However, push this frontier back as far as you can in the time available to you. The Conclusions give the author's interpretation of the meaning of the results and the implications. It is common, and useful, to devote some time at the end of the conclusions to explore where we should go from here. What should we do next, given what we have learned from this study
One of your goals is to decide whether the authors have really shown what they think they have shown. You might find that their results actually show something more (or less) interesting than the authors realize. I suggest that you read the Title, Abstract, Introduction and Conclusions first, to get the big picture that the authors are trying to paint. Then, read the Methods and Results superficially, and re-read the Conclusions. Then re-read the Methods and Results very carefully and decide for yourself whether they have really shown what they think they have shown. You should imagine that the authors are offering a foundation for you to build on. You have to decide how best to use this foundation. You want to be sure you trust it. You may need to back up and fix a few soft spots before you build on this foundation. 
Here is one common phenomenon that you should watch for. Authors are often so intent on testing one idea/hypothesis that they don't realize that the results are also consistent with some alternative explanation. Take it as a sporting challenge to see if you can think up an equally plausible alternative hypothetical explanation that the author hasn't considered. If you can, testing your idea should be an important part of what should be done next. 
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