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Scientists communicate the results of their research to other scientists primarily through the scientific
literature, which therefore constitutes a permanent repository of scientific knowledge and a record of
progress in scientific enquiry. The scientific literature currently includes thousands of journals and hundreds
of thousands of books. Searching this enormous scientific literature requires skills that can only be learned
through experience. However, most of the scientific literature is well indexed, and can be accessed relatively
easily when the proper “channels” are known. Don’t let the challenge of researching scientific topics

overwhelm you, because only a few basic skills and experience are needed.

l. Primary, Secondary and Tertiary Literature

Scientific literature is generally classified as primary, secondary, and tertiary sources of information.
You should learn to distinguish these types of sources. Some journals carry literature in two or more of these
categories, although depending upon the intended audience, many journals and magazines may present only a
single type of source literature.

Primary Literature

The primary literature comprises all scientific literature that presents new scientific data or ideas. In
general, this encompasses all papers that present novel scientific research, but also may include literature
reviews, perspectives and analyses that advance new concepts and viewpoints about data generated by others.
The primary literature is written by scientists who have done the research themselves.

In general, this literature is published in scholarly journals. The most widely respected journals are “peer-
reviewed”, which means that the scientific articles are reviewed by other scientists before being accepted for
publication. Normally journals require a paper to consist of a title, abstract, keywords, introduction, material and
methods, results, discussion, acknowledgements and references. Papers are submitted to the journal editor who
then asks a number of recognised experts in the area of study addressed by the paper (called “referees™) to give
an opinion on whether the work reported presents new scientific information, and to report on the merits and
deficiencies of the work. On the basis of the referees’ reports, the editor may accept the paper as it was submitted,
or may require minor revision from the authors, or may require major revision, or the paper may be refused
outright. This formal reviewing process is known as “‘peer review”. There are different types of journal that range
from international to regional to local and there are also systems that grade the importance of journals on the basis
of how often papers carried by the journal are cited in other scientific papers (called the “impact factor™).

The primary literature presents or comments upon the immediate results of research activities. It often
includes analyses of data collected in the field or the laboratory. It is very current and specialized. Examples

of primary literature in the sciences include:
® primary research articles in peer-reviewed journals
® dissertations and theses
® technical reports

@ conference proceedings



Secondary Literature

The secondary literature comprises summaries of results and ideas from the primary literature written
for an audience of scientists with some understanding of the topic.

Since sources of information in the secondary literature are always cited, these articles are excellent
places to begin researching a topic. The secondary literature summarizes and synthesizes the primary
literature. Therefore it is both broader and less current than the primary literature. Most information sources
in the secondary literature contain exhaustive bibliographies, and they can be useful for finding more
information on a particular topic.

Here it is not a requirement for the authors to have done the work themselves, since the purpose of
the publication is to summarise and synthesise knowledge in a specific area for other scientists who already
have an understanding of the topic; however, the authors of secondary publications would normally have
worked and published primary literature in the area they are writing about. The secondary literature includes
review journals, monographic books and textbooks, handbooks and manuals. Although normally written in
a scientific style, secondary publications are not organized in the same way that primary publications are;
however, it is a universal requirement that they are fully referenced and that most of these references are to
the primary literature. Scientists use the secondary literature to gain an overview of research areas that are
close to or relevant to their own, or to familiarize themselves with existing research in new topics on which
they plan to start working.

Examples of secondary literature in the sciences include:

1. Journals that only publish review articles. Review articles present updates on current research on a
particular topic. “Annual Reviews” publishes volumes each year dedicated to specific subject areas, such
as Annual Review of Ecology and Annual Review of Immunology. Other relevant subject areas include plant
physiology, cell biology, genetics, microbiology, and many other disciplines. “Trends in ...”, and “Advances
in ...” are other review series publishing volumes focusing on different subject areas.

2. Review Articles and Perspectives in other journals. Many journals publish papers that review
topics of current interest. This would include, for example, papers in Science published as “Articles” and
“Perspectives.”

3. Symposia. Scientists within a discipline often meet to present scientific information focused upon a
particular topic. These presentations are often published together as a book.

4. Books. Obviously there are many books written about specific scientific topics. Some of these are
written by an individual, others including articles by many different authors compiled by one or more editors.
Some books may be considered as primary sources, such as “monographs” discoursing new ideas on a very
specific topic, for example, Darwin’s On the Origin of Species.

Tertiary Literature

The tertiary literature consists of published works that are based on primary or secondary sources and
that are aimed at scientists who work in different areas from the subject matter of the publication, or towards
an interested but lay audience. Such publications are normally written in a popular rather than a scientific
style and while such publications may include a short bibliography, they do not usually include references to

the primary literature.
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The tertiary literature is generally written for a nonscientific audience or for scientists in other
disciplines. Generally sources of information in these articles are not cited, or only a bibliography of related
readings is included. Some examples of the tertiary literature sources are described below.

1. Science magazines. Generally, these magazines publish articles readable by scientists in other
disciplines. This also includes “News and Comment” and “Research News” articles in Science.

Examples of magazines that carry literature of a tertiary nature include:
@ Scientific American
@ Current Science

@ Science Today

2. Lay magazines. Written for a non-scientist audience. Information found in these articles is generally
unreferenced. As sources of information about the impacts or effects of new science on society, these might
be acceptable, but they are not acceptable sources for information about the science itself. These sources

include:
@ Discover Magazine
@ Newspapers

@ Newsweek, etc.

3. Textbooks. Textbooks are a good place to begin learning about a topic, but textbooks often contain
inaccuracies and simplifications. Generally your textbook is not an acceptable source of information for a lab
report or a research paper.

4. Encyclopedias.Encyclopedias can be consulted to familiarize yourself with a topic, but generally

these are not acceptable sources of information for a lab report or a research paper.
® The Harper Encyclopedia of Science

® Scientific Encyclopedia
“Gray™ Literature

The gray literature refers to sources of scientific information that are not published and distributed
in the usual manner and which therefore may be difficult to obtain. Gray literature includes theses
and dissertations, technical reports with a limited distribution, journals published by special interest
groups that have a limited distribution, abstracts of conference papers and conference proceedings that
are only made available to conference participants, environmental impact statements, some types of
government documents, working papers, and some types of online documents. Note that being classified
as “gray literature” in no way implies that the publication has little scientific merit, since some types
of gray literature are rigorously peer reviewed and counted as primary literature; “gray” refers more
to the limited distribution and difficulty of accessing the publication than to its content. The gray
literature also includes many government publications. Material in these publications may range from
interpretive brochures for an agency or park (which would correspond to tertiary literature), to detailed

scientific studies done by competent government scientists (or university researchers under government



contract). These detailed studies may have all the attributes of a primary paper except peer review (some
government publications even pass this test).

It is important to note that the form that a publication does not guide to its classification as primary,
secondary or tertiary literature. For example, books may belong to any of these three categories. A monograph
that presents new ideas as a result of scientific research that has been reviewed by a number of referees (usually
called “readers” in the case of a book), will be counted as primary literature (in effect, a very long scientific
paper), whereas an encyclopaedia or a science magazine article, even if written by a Nobel laureate, is still
tertiary literature.

Another example is the case of conference proceedings. Papers presented at international, regional
or national conferences, workshops or symposia are considered as primary literature if they are peer-
reviewed and published, either as a book of conference proceedings, or as a special issue of a scientific
journal. On the other hand, abstracts of papers presented at a conference, or the papers themselves,
which have not been peer-reviewed, can not be counted as primary literature even if they are published
in book form. An in-between case is that of conferences where the papers presented are published as
peer-reviewed “extended abstracts” (in effect, long summaries of the work that may be formatted in the
same way as a journal paper.) Normally, such papers present work that is in an advanced stage but not
yet completed to an audience of peers for comment and criticism. Most such work is later published in
full form in primary scientific journals.

The situation is further complicated by the Internet. Scientific information available on the Internet
ranges from absolute rubbish to high quality. There are very authoritative-looking sites that present completely
wrong information, sometimes deliberately, whereas at the other end of the spectrum, there are primary peer-
reviewed scientific journals that are published online (normally, but not always, with at least a limited print edition
as well). Professional-looking websites are no guarantee of quality information. Users of the Internet should very

carefully evaluate the source, quality and accuracy of any information that they plan to use.

Il. Which Types of Sources Are Appropriate for

Your Research Paper?

This is a question that will be answered by your instructor for specific classes. However, bear in mind a
few general guidelines.

Introductory level science classes. You should expect to delve somewhat into the secondary literature.
However, multidisciplinary science journals are acceptable tertiary sources. You will probably be required
to include some primary sources. Lay magazines should only be used as sources of social commentary and
relevance and not “hard” scientific information. You will be expected to use one or more indexes to the
scientific literature described below. Unless otherwise indicated, your textbook and encyclopedias are not
acceptable sources.

Upper level courses. Your literature sources should be exclusively from the secondary and primary
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literature. Limited use of tertiary sources may be allowed in some cases.

lll. Researching Topics in the Scientific Literature

The ability to effectively research a topic among thousands of different journals and hundreds of
thousands of books is a skill as important to science as those used in the laboratory itself. The rest of these
guidelines will introduce you to some of the major “portals of entry” to this immense scientific literature.

Don’t forget that the library staff is also there to help.

IV. Some Basic Steps fo Searching the Scientific
Literature

The first step in researching a paper is not necessarily a trip to the library! Before you can make a successful
search, you must know what you are looking for. Typically, this will involve doing some reading about the subject
in a handy source, such as your textbook. If the textbook isn’t helpful, a quick online search of the world-wide
web, or an article or two in an encyclopedia may help you develop an initial understanding of the topic. The steps
outlined below take you through this initial study and the subsequent steps of a literature search:

1. Use an encyclopedia, a textbook, or other easily accessible tertiary source to gain background
information and possibly develop a beginning bibliography.

2. Develop an initial list of “key words” that can be used to research your topic.

3. Search the computerized catalog under those key words.

4. Use the various computerized and bound indexes to search key words. Identifying recent books and
review articles will enormously expedite the search process. Revise your key words as needed to broaden or
narrow the search.

5. As you begin to access the secondary and primary sources, use the literature cited in these papers to
identify other relevant articles.

Careful Selection of Key Words

As for searches of all indexes, careful selection of key words is crucial to an effective search. Suppose
you wished to research a term paper on "Environmental Impacts of Pesticides". Careful choice of key words
will be necessary to identify papers that are most relevant to this topic.

The number of citations can be brought down to a manageable level by selecting appropriate key words.
Take time to learn Boolean, or set, searching. This technique allows you to link search terms with connectors
such as AND, OR, or NOT. This technique can be used with all electronic databases. Remember, you can
learn how to use electronic databases by using the on-line “help” menus, written documentation, and the
library staff. The following tips are given for succcessful retrieval.

Tip 1: Developing keywords from a topic



