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The Scientific Method

Trying to understand natural phenomena is human nature. We are curi-
ous about why things happen the way they do, and we expect to be able to
understand these events through careful observation and measurement.
This process is known as the scientific method, and it is the foundation of
all knowledge in the biological sciences.

An Introduction to the Scientific Method

The scientific method involves a number of steps:

‘@ Asking questions
= Looking for sources that might help answer the questions
a Developing possible explanations (hypotheses}
& Designing an mxuumHWbmbﬁ to fest a hypothesis

a Predicting what the outcome of an experiment will be if the
hypothesis is correct

u Collecting data

m Analyzing data

= Developing possible explanations for the experimental results
= Revising original hypotheses to take into account new findings

@ Designing new experiments to test the new hypotheses (or other
experiments to provide further support for old hypotheses)

@ Sharing findings with other scientists

Most scientists do not rigidly adhere to this sequence of steps, but it pro-
vides a useful starting point for how to conduct a scientific investigation.
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Ask a question

As a biology student, you are probably naturally curious about your envi-
ronment. You wonder about the hows and whiys of things you observe. To
apply the scientific method to your questions, however, the phenomena of
interest must be sufficiently well defined. The parameters that describe
the phenomena must be measurable and controllable. For example, let’s
say that you learned that:

Dwarf pea plants contain a lower concentration of the hormone
gibberellic acid than wild-type pea plants of normal height.

You might ask the question:
Does gibberellic acid regulate plant height?

This is a question that can be answered using the scientific method,
because the parameters can be controlled and measured. On the other
hand, the following question could not be answered easily with the scien-
tific method:

Will the addition of gibberellic acid increase a plant’s sense of
well-being?

In this example, “a sense of well-being” is not something that can be mea-
sured or controlled.

Look for answers to your question

There is a good chance that other people have already asked the same
question. That means that there is a good chance that you may be able to
find the answer to your question, if you know where to look. Secondary
references such as your textbook, encyclopedias, and information posted
on the websites of university research groups, professional societies,
museums, and government agencies are usually easier to comprehend
than journal articles and may be good places to begin finding answers
(see the section “Understand your topic” in Chapter 2). Curiously, attempts
to answer the original question often result in new questions, and unex-
pected findings lead to new directions in research. By reading other peo-
ple’s work, you may think of a more interesting question, define your
question more clearly, or modify your question in some other way.

Turn your question into a hypothesis

As a result of your literature search or conversations with experts, you
may now have a tentative answer to your original (or modified) question.
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Now it is time to develop a hypothesis. A hypothesis is a possible expla-
nation for something you have observed. You must have information
before you can propose a hypothesis! Without information, your hypoth-
esis is nothing more than an uneducated guess. That is why you must look
for possible answers before you can turn your question into a hypothesis.

A useful hypothesis is one that can be tested and either supported or
negated. A hypothesis can never be proven right, but the evidence gained
from your observations and/or measurements can provide support for the
hypothesis. Thus, when scientists write papers, they never say, “The
results prove that...” Instead, they write, “The results suggest that...” or
“The results provide support for...”

You might transform your question “Does gibberellic acid regulate
plant height?” into the following testable hypothesis:

Good: The addition of gibberellic acid to dwarf
plants will aliow them to grow to the height of
normal, wild-type plants.

This hypothesis provides specific expectations that can be tested. In con-
trast, the following hypothesis is not specific enough:

Vague: The addition of gibberellic acid will affect the
height of dwarf plants.

Design an experiment to test your hypothesis

In an observational study, scientists observe individuals and measure
variables of interest without trying fo control the variables or influence the
response. While observations provide important information about a
group, it is difficult to draw conclusions about cause and effeci relation-
ships because multiple factors affect the response. That’s the main reason
why scientists conduct experiments. Experiments are studies in which the
investigator imposes a specific treatment on a person or thing while con-
trolling the other factors that might influence the response.

The first step in designing an experiment is to determine which vari-
ables might be influential. Of those variables, only one may be manipu-
lated in any given experiment; the others have to remain constant. The
individuals in the experiment are then divided into treatment and control
groups. The treatment group is subjected to the independent variable and
the control group is not; all other conditions are the same for the fwo
groups. If the hypothesis is supported, the individuals in the treatment
group will respond differently from those in the control group. If there is
no difference in response between the treatment and control groups, the

so-called null hypothesis is supported. Having enough replicates lends
assurance that the results are reliable.
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Define the variables Variables are commonly classified as independent
or explanatory variables, dependent or response variables, and controlled
variables. The one variable that a scientist manipulates in a given
experiment is called the independent variable or the explanatory variable,
s0 called because it “explains” or influences the response. It is important
to manipulate only one variable at a time to determine whether or not a
cause and effect relationship exists between that variable and an
individual’s response. The other variables that may affect the response
must be carefully controlled seo that they do not confound the relationship
between the independent variable and the dependent variables.

Dependent variables are those affected by the imposed treatment; in
other words, they represent an individual’s response to the independent
variable. Dependent variables are variables such as size, number of seeds
produced, and velocity of an enzymatic reaction, which can be measured
or observed.

The hypothesis proposed earlier involves testing whether there is a
cause and effect relationship between gibberellic acid {GA) treatment and
plant height. GA level is the variable that will be manipulated; plant height
is the response that we'll measure. Because plant height is affected by
many other factors such as ambient termperature, humidity, age of the
plants, day length, amount of fertilizer, and watering regime, however, we
must keep these controlled variables constant so that any differences in
response can be attributed to the GA treatment.

Set up the treatment and control groups The individuals in the
experiment are assigned randomly to either a treatment group or a control
group. Those in the treatment group will be subjected to the independent
variable (GGA in this case) while those in the conirol group will not.
Depending on the hypothesis, the control group may be subdivided into
positive and negative controls. Negative controls are not treated with the
independent variable and are not expected to show a response. Positive
controls represent a reference for treatment groups that demonstrate a
response consistent with the hypothesis.

HYPOTHESIS: Adding GA to dwarf plants will allow them: to
grow to the height of normal, wild-type plants.

TREATMENT GROUP: Dwarf plants + GA
CONTROL GRCUPS:

NEGATIVE: Dwarf plants + no GA (substitute an equal
volume of water)

POSITIVE:  Wild-type plants + no GA
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Determine the level of treatment for the independent variable How
much GA should be added to the dwarf plants in the treatment group to
produce an increase in height? Too little GA may not effect a response, but
too much might be toxic. To determine the appropriate level of treatment,
consult the literature or carry out a preliminary experiment. The level

may even be a range of concentrations that is appropriate for the biological
systerm.

Provide enough replicates A single result is not statistically valid. The
same treatment must be applied to many individuals and the experiment
must be repeated several times to be confident that the results are reliable.

Make predictions about the outcome of your experiment Predictions
provide a sense of direction during both the design stage and the data
analysis stage of your experiment. For each treatment and control group,
predict the outcome of the experiment if your hypothesis is supported.
You may also choose to state the null hypothesis, which is that the
treatment has no effect on the response.

HYPOTHESIS: Adding GA to dwarf plants will allow them to
grow fo the height of normal, wild-type plants.

- TREATMENT GROUP: Dwarf plants + GA

PREDICTION IF HYPO~ Dwarf plants will grow as tall as wild-type
THESIS 18 SUPPORTED:  plants + no GA.

NULL HYPOTHESIS:  Dwarf plants will not grow to the height of
wild-type plants.

NEGATIVE CONTROL: Dwarf plants + no GA.
PREDICTION: Dwarf plants will be short.
POSITIVE CONTROL:  Wild-type plants + no GA

PREDICTION: Wild-type plants will be tall.

Record data

Scientists record procedures and resulis in a laboratory notebook. The
type of notebook (bound or loose leaf, with or without duplicate pages)
may be prescribed by your instructor or the principal investigator of the
research lab. More important than the physical notebook, however, is the
detail and accuracy of what’s recorded inside. For each experiment or
study, include the following information:
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m Investigator’s name

® The date {month, day, and year)

® The purpose

a The procedure (in words or as a flow chart)

m Numerical data, along with units of measurement, recorded in
well-organjzed tables

@ Drawings with dimensions and magnification, where appropriate.
Structures are drawn in proportion to the whole. Parts are labeled.
Observations about the appearance, color, texture, and so on are
included.

= Graphs, printouts, and gel images

= Caleulations

8 A brief summary of the results

o Questions, possible errors, and other notes

When deciding on the level of detail, imagine that, years from now, you
or someone else wants to repeat the experiment and confirm the results.
The more information you provide, the easier it will be to :.Hﬁmwmwmwm
what you did, what problems you encountered, suggestions u.“ou. improving
the procedure, the results you obtained, how you summarized the data,
and how you reached your conchisions.

Summarize numericaf data

The raw data in lab notebooks are the basis for the results published in the
primary and secondary literature. Published results, r9.>~m<mﬁ usually
represent a summary of the raw data by the author, who is both w.dos;]
edgeable about the subject and intimately familiar with the experiment.
We rely on the author’s experience and integrity to reduce ﬁv.m original
data to a more manageable form that is an honest representation of the
phenomenon and which lends itself to interpretation. .

How the author presents data in the Results section Qmwﬁﬂm in parton
the scope of the question asked at the beginning. Broad questions about a
population involve statistical inference, whereby results from a .mmhﬁmbm
or subset of the population are applied to the whole. Because a different
sample may produce different results, the author g&mmmm a mﬁﬁﬁmﬂ
about the reliability of his or her conclusions using appropriate m#.mﬂm.ﬁo&
language. On the other hand, narrower questions about a mHqu.bn situa-
tion. may be answered from the data at hand. For example, questions such
as “Which fraction of a purification procedure contains the most enzy-
matic activity?” or “Which medium produces the highest concentration
of bacteria?” can be answered from the collected data and require no
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inference about a larger population. When the data are consistent from
one experiment to the next, scientists gain confidence that their conclu-
sions are valid.

When you are given the task of summarizing the raw data, first distin-
guish between trustworthy and erroneous data. Erroneous data include
resulis obtained by dubious means, for example, by not following the pro-
cedure, using the equipment improperly, or making simple arithmetic
errors. Trustworthy data include results obtained legitimately, but which
may still have quite a bit of unexplained variability. If time permits, repeat
the experiment to determine possible sources of variability and make
changes in the procedure if necessary.

Once you've identified which data are reliable, graph them. It is easier
to spot patterns and outliers on a graph than in a table. Furthermore,
graphs are used to check assumptions for certain statistical methods. Use
bar graphs when one of the variables is categorical (ie., it has no units of
measurement). Use scatterplots and line graphs when both variables are
quantitative. Look for an overall trend as well as deviations from the
trend. Reduce the data by taking the average (mean) and express variabil-
ity, where appropriate, in terms of standard deviation or standard error.
Never eliminate data without a good reason.

Analyze the data

Once you have a visual summary of the raw data, look for n&mﬂoﬁmgwm
between variables. Do the results match the predictions if the hypothesis
is supported? If so, then compare your results to those in the primary ref-
erences you consulted to develop your hypothesis in the first place. Com-
parable data from different studies help researchers gain assurance that
their conclusions about a particular phenomenon are valid. When analyz-
ing data, however, do not let your predictions affect your objectivity. Do
not make your results fit your predictions—instead, modify your hypoth-
esis to fit your results. What is learned from a negated hypothesis can be
just as valuable as what is learned from a “successful” experiment.’

Keep in mind that there may be no difference between the control and
the experimental treatments. If there was no difference, say so, and then
try to develop possible explanations for these results,

Try to explain the results

Once you have summarized and analyzed the data, you are ready to
develop possible explanations for the results. You previously found infor-
mation on your topic when you developed your hypothesis. Return to this
material to try to explain your results. Do your results agree with those of
other researchers? Do you agree with their conclusions? If your results do
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not agree, try to determine why not. Were different methods, organisms,
or conditions employed? What were some possible sources of error?

You should realize that even some of the most elementary questions in
biology have taken hundreds of scientists many years to answer. One
approach to the problern may seem promising at first, but as data are col-
lected, problems with the method or other complications may become
apparent. Although the scientific method is indeed methodical, it also
requires imagination and creativity. Successful scientists are not discour-
aged when their initial hypotheses are discredited. Instead, they are
already revising their hypotheses in light of recent discoveries and plan-
ning their next experiment. You will not usually get instant gratification
from applying the scientific method fo a question, but you are sure to be
rewarded with unexpected findings, increased patience, and a greater
appreciation for the complexity of biological phenomena.

Revise original hypotheses to take new findings into account

If the data support the hypothesis, then you might design additional
experiments to strengthen the hypothesis. If the data do not support the
hypothesis, then suggest modifications to the hypothesis or use a different
procedure. Ideally, scientists will thoroughly investigate a question until
they are satisfied that they can explain the phenomenon of interest.

Share findings with other scientists
The final phase of the scientific method is communicating your results to

other scientists, either at scientific meetings or through a publication in a.

journal. When you submit a paper to refereed journals, it is read critically
by other scientists in your field, and your methods, results, and conclu-
stons are scrutinized. If any errors are discovered, they are corrected
before your results are communicated to the scientific community at large.

Poster sessions are an excellent way to share preliminary findings with
your colleagues. The emphasis in poster presentations is on the methods
and the results. The informal atmosphere promotes the exchange of ideas
among scientists with common interests. See Chapter 7 on how to prepare
a poster. -

Oral presentations are different from both journal articles and poster
sessions, because the speaker’s delivery plays a critical role in the success
of the communication. See Chapter 8 for tips on preparing and delivering
an effective oral presentation.

Go to the COMPANION WEBSITE « sites.sinauer.com/knisely5e
for samples, template files, and tutorial videos

Developing a Literature
Search Strategy

" The development of library research skills is an essential part of your

fraining as a biology student. A vast body of literature is available on just

'~ about every topic. Finding exactly what you need is the hard part.

In biology, sources are divided broadly into primary and secondary ref-
erences. Primary references are the research articles, dissertations, tech-
nical reports, or conference papers in which a scientist describes his or
her original work. Primary references are written for fellow scientists—in
other words, for a specialized audience. The objective of a primary refer-
ence is {0 present the essence of a scientist’s work in a way that permits
readers to duplicate the work for their own purposes and to refute or build
on that work.

‘Secondary references include encyclopedias, textbooks, articles in
popular magazines, and information posted on the websites of profes-
sional societies, government agencies, and other scientific organizations.
Secondary references are based on primary references, but they address
a wider, less-specialized audience. In secondary references, there is less
emphasis on the methodology and presentation of data. Instead, the
results and their implications are described in general terms for the bene-
fit of non-specialist readers.

You will delve into the biological literature when you write laboratory
reports, research papers, and other assighments. Although secondary
references provide a good starting point for your work, it is important to
be able to locate the primary sources on which the secondary sotrces are
based. Only the primary literature provides you with a description of the
methodology and the actual experimental results. With this information,
you can draw your own conclusions from the author’s data,

Although initially it may be difficult to read primary literature, it
will become easier with practice, and the rewards are well worth it. One
benefit of reading research articles is that you will become a better writer.
Through reading, you become familiar with the writing style and overall
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Database or
Search Engine Description

AGRICOLA Produced by the US Department of Agriculture’s
National Agricultural Library, this database contains
citations for journal articles, monographs, government
publications, patents, and other types of publications in
the field of agricuiture and related areas.

Biological Abstracts Considered the most comprehensive database in
the area of biology and the life sciences, it provides
abstracts and citations to journal literature.

Biological Science Indexes scholarly and trade journals, books, conference

(ProQuest} proceedings, government publications, and other
publication types for a wide range of areas in the life
sciences.

BioOne A journal collection of full-text, peer-reviewed articles
in biology and the environmenial sciences. Most of
the journals are published by small scientific societies,
other not-for-profits, and open access publishers.

Google Scholar A Web search engine for scholarly literature across
many disciplines, languages, and countries. Includes
not only journal articles, but also material from
websites of universities, scientific research groups, and
professional societies; conference proceedings; court
opinicns and patents; and preprint archives {preprints
are manuscripts circulated because they contain
current information, but they have not yet been peer
reviewed). Articles in the popular press, book reviews,
and editorials are not included.

structure of research articles, so that you have a model when you write
your own lab reports. Another benefit is that you learn how scientists
approach a problem, design experiments to test hypotheses, and interpret
their results to arrive at their conclusions. Emulating their writing style
may help you improve your critical thinking skills. A further benefit of
reading the primary literature is getting to know the scientists who work
in a particular subdiscipline. You may discover that you are sufficiently
interested in a subdiscipline to pursue graduate work with one or more of
the authors of a journal article.

How do you find primary references that are directly relevant to your
topic? The fastest and easiest way is to search article databases. Article
databases contain a pre-screened collection of scholarly information, not
web pages that anyone could have created. Article databases are owned
by companies or organizations that employ experts to read scholatly arti-
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Database or

Search Engine Description

JSTOR Developed as a digital archive of core scholarly journals, this
database searches the full text of core journals in a variety
of discipiines including biclogy and ecology. Coverage
begins with the first issue of each journal. However there
is & gap, typically from 1 to 5 years, between the most
recently published issue and when it appears in JSTOR.

NCBI {National A division of the US National Library of Medicine. Produces

Center for searchable databases on nucleotide and protein sequences,

Biotechnelogy protein structures, complete gencmes, taxonomy, and

Information) other molecular biology information.

PubMed Produced by the US National Library of Medicine, PubMed is
the public access version of MEDLINE, the premier database
for medicine and related fields. It contains abstracts and
citations to the worldwide journal literature and boaks.

ScienceDirect Provides access to journal articles and books published by
Elsevier. Although multidisciplinary, most references are in
the areas of science, medicine, and engineering.

Scopus A database of scientific information resolrcas, including
journal articles, books, and conference proceedings. Almost
40% of the records are pre-1996; over 60% of the records are
post-1995,

Web of Science An interdisciplinary database for pear-reviewed articles from

core journals in many subject areas. The “Times Cited” and
“Cited References” searches allow you to identify mare recent

and older articles, respectively, which cite a particular author
or work,

Source: Kathleen McQhuiston, Research Services Librarian, Library and Information

Technology, Bucknell University (2016 Oci 23) and respective database or search engine
websites.

cles and then enter information about the articles into the database. To
find scholarly information on a particular topic, instead of “googling” the
entire Web, you will typically search one or more databases.

Most databases (PubMed being the notable exception) are by subscrip-
tion. Companies that own these databases sell licensing agreements to
university libraries and other institutions. If you are affiliated with such
a university or institution, then you can use fee-based databases for free.
On the ofher hand, search engines such as Google Scholar, which scan the
Web for scientific information, are free and available to the general pub-
lic. Table 2.1 describes some of the databases and scholarly search engines
that you may have access to. Many of these databases have apps that can
be installed on your mobile devices.
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Most of this chapter describes how to find primary references using
databases. If you do not have access to these databases, however, you can
still locate references the old-fashioned way. This method involves build-
ing a bibliography from sources cited in books, journal articles, and other
literature. Books such as Annual Reviews are considered secondary refer-
ences, but the Literature Cited section in review articles often is an excel-
lent source of primary references. Building a bibliography without the
use of a database is laborious and time-consuming, but the end result is
often the same. An advantage of using this old-fashioned method is that
you may find older, seminal papers that may not be indexed in databases.
If your assignment requires a thorough search of the literature, you will
most likely use a combination of database and manual searches. Don't
forget about your human resources—seek assistance from your reference
librarian during all stages of your research project.

Databases and Search Engines for Scientific Information

Familiarize yourself with the databases and search engines recommended
by your professor or a reference librarian and which are available through
your academic library. All of the databases have some overlap in terms

Biological Abstracts Google Scholar
Resource type Database Search engine
Access (free or Fee-based (usually Free
fee-based) institutional subscription)
Years covered 1926 to present Unknown
Sources retrieved fournal articles No information provided,

but retrieves journal articles,
books, preprints, abstracis,
technical reports, and other
electronic media

Content (number of Searches more than Unknown
journals indexed) 5,200 journals in the fife
sciences
Reliability (peer- Most journals are peer- Unclear whether all journal
reviewed materials) reviewed articles are peer-reviewed

Source: Kathleen McQuiston, Research Sexvices Librarian, Library and Information
Technolegy, Bucknell University (2016 Oct 23) and respective database or search engine
websites.
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of the journals they index, but there are also unique listings. Results may
also vary depending on subject and publication year.

Comparison of databases

One of the great things about elecironic databases is that they are con-
tinually updated and improved, giving you access to the most current
scientific information available on the Internet. But with so many choices
and so little time, what's the best strategy for tracking down a few good
primary journal articles for your topic? The answer to this question
depends on who you ask, how comprehensive your research needs to be,
the subject matter, and personal search preferences. Nonetheless, know-
ing a little about the strengths and weaknesses of some of the major
databases and search engines may help guide your strategy (Table 2.2).

Librarians and scholars interested in information technology have
published a number of recent papers on this topic (see, for example,
Harzing and Alakangas [2016], Hodge and T.acasse [2013], and Moed et
al. [2016]). While these published comparisons are as transient as the
databases they describe, it is nonetheless instructive to Ipok at some of
the data.

Pubied Web of Science Scopus

Database Database Database

Free Fee-based Fee-based

Generally 1946 to 1900 to present 1823 to present

present

Journal articles, Journal articles and Journal articles, books,
fiterature reviews, conference proceedings patents, and conference
clinical trials proceedings

Biomedical journal Searches more than Searches more than 21,500
citations and 12,000 journals {all Jjournals from more than
abstracts from over  disciplines) and 3.8 million 5,000 international publishers
5,000 journals conference proceedings from all subject areas

Most journals are Al journals are peer- All journais are peer-reviewed
peer-reviewed reviewed




14 Chapter 2

Google Scholar Google Scholar was infroduced by Google in 2004.
Its strengths are name recognition, a simple query box, and the fact
that it’s free. In terms of content, Google Scholar is thought to provide
greater access to older records and to material not easily located through
conventional channels such as publishers’ websites. Its web-crawling
robots use an algorithm to determine what is “scholarly” based on
information provided by authors and publishers on their websites. Some of
Google Scholar’s weaknesses include the scope of its coverage (it finds too
much information), uncertainty about the scholarly value and currency of
some of the records, and the sorting of records according to how relevant
they are (based in part on how often they were cited). The search results
cannot be sorted by date, but a custom date range can be selected.

PubMed PubMed is the most recommended database for researchers in
medicine who require advanced search functions. Like Google Scholar,
PubMed is free and its advanced search feature makes it possible to limit
searches by author, publication, and date. PubMed provides a variety of
options to retrieve only certain formats (full text, free full text, or abstract),
types of article (clinical trial, review, clinical conference, comparative
study, government publication, etc.), language, and content (journal group,
research topic, humans or animals, gender, and age). Another feature that
makes PubMed so powerful is its search algorithm, which is based on
concept recognifion, not letters or words. Every document indexed for
PubMed has been read by experts, who tag the document with controlled
vocabulary (Medical Subject Headings or MeSH) that accurately describes
the paper’s content. “False hits” due to homographs (e.g., swimming pool
rather than gene pool) are thus eliminated in PubMed searches.
Furthermore, MeSH solves the problem of ambiguity concerning scientific
and popular names of organisms, synonyms, and variations in British and
American spelling.

Web of Science Web of Science is fee-based, so you may only have
access to this database if your university has a subscription. Web of
Science covers a larger period of time than either PubMed or Google
Scholar. It has depth and scope and is useful for finding information on
topics of an interdisciplinary nature. The greatest benefit of this database,
however, lies in the fact that once you have found a good journal article,
you can expand your bibliography quickly based on common references.
With Web of Science, it is possible to search forward in time to find more
recent papers that have cited the paper of interest. It is also possible to
search backward to find papers cited by authors of the paper of interest.
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Scopus  Like Web of Science, Scopus has a tremendous scope in terms
of years covered and sources retrieved, and it is fee-based. Scopus, like
all of the databases in Table 2.2, has an advanced search feature, provides
links to full-text articles, and allows references to be exported to reference
management software {see p. 24). In addition, graduate students and career
researchers will find the email alerts feature of these databases handy for
staying current with the literature. When registering for email alerts, you
can enter keywords that are relevant to your research. When a new article
containing these keywords appears, the database administrator will send
you an email alert.

Database Search Strategies

Finding just the right journal articles on your topic can be a daunting task.
This section will help you get started.

Understand your topic

A productive and efficient search begins with a basic understanding of
your topic. If you don't even know where to start, look up the most specific
term you can come up with in the index of your textbook. Open the book
to the pages that contain this termi. Read the chapter subheadings and the
chapter title to learn how this term fits into the bigger picture. Read the rel-
evant pages to find out what subiopics are associated with this term.

Your library’s stacks are another good place to find general informa-
tion. Search the library’s catalog to locate a book on your topic. Write
down the call number and find this book on the shelf. Browse the titles
of other books in the vicinity. Because the Library of Congress catalog-
ing system groups books according to topic, you can often find additional
sources shelved nearby.

Encyclopedias and dictionaries may also help you clarify your topic.
Check your library’s homepage for references that you may have access to,
both electronic and printed sources. Websites such as Wikipedia (http://
www.wikipedia.org), WebMD (http://www.webmd.com), and others may
be a good place to start, but evaluate Internet sources critically. Whereas
journal articles and books have undergone a rigorous review process,
information on the Web may not have been checked by any authority
other than the owner of the website.

- A first step in evaluating a website’s reliability is to look at the ending
of the URL address (Table 2.3). Is the sponsor of the website a company or
organization that is more interested in trying to sell a product or idea than
in presenting factual information? To become a savvy website evaluator,
check out the tips on your library’s homepage or take one of the tutorials
listed in the Bibliography.
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Ending of
Type of Web Page  Purpose URL Address Examiples
tnformational To present (factual) .edu, gov Dictionaries,
informaticn directories,
information about
a tapic
Business/ To sell a product .com Carolina Biological
marketing Supply, Leica
Advocacy To influence public .org Sierra Club,
opinion; to promote Association for
the exchange of mmo_om« Laboratory
knowledge and Education
provide resources for
its members
MNews To present very .com CNN, USA Today

current information
Source: Alexander and Tate (c1996-2005).

Define your research goals

Once you have a basic understanding of your topic, try to define your
research goals with statements such as

m I'would like to compare or contrast methods.
= I'm looking for a cause-and-effect relationship.
s [ want to understand more about a process.

a | am interested in how an organism carries out a particular
{unction (e.g., obtains nutrients, reproduces, moves, responds to
changes in its environment).

Subdivide your topic into concepts

Once you have formulated the goals for your topic, start defining smaller
cencepts. For example, if the methods you wish to compare have to do
with measuring the amount of protein in a sample, then one of the con-
cepts is protein quantification. Another concept would include the specific
names of protein quantification methods, such as Lowry, biuret, Bradford,
BCA, and so on. A third concept might relate to the types of protein sam-
ples that were analyzed. :

Another way to organize concepts related to your topic is to use
PubMed’s Medical Subject Headings (MeSH) database, a kind of thesau-
rus for the life sciences. Words entered in the search box are translated
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Select a database Enter key words
]

PubMed Comvons

PubMed comprises mare ihan 26 mition sty Lomedical itaratume fom m E ﬂ @ m
MEDLINE, Ifie sence joumals, and onling bosl y mctuge nks (o : - -
hut-ex: contenl fom PubMed Conimi and pugl 3 F & cormment
L rmoumas B etk Schleainiaor
N Epie) nelag upiahe far guidehing dmeatopent
FAOR

Find related,
broader, or
narrower terms

L Retabaras

sy ™ this database

Figure 2.1 PubMed home page provides tutorials and options for searching
different databases.

into standardized descriptors, which are then listed in a hierarchy of
headings and subheadings. :

Let’s say, for example, that you would like to find concepts related to
the topic “How do Tetrahymena move?” Go to the PubMed home page
?ﬁ%m“\\g.bng.%.ﬁmﬁmodu\m#mm\wcwﬁm& and select MeSH Data-
base under More Resources (Figure 2.1). A search for the term motility
lists cell movements as the first result (Figure 2.2); clicking this descriptor
opens a page that gives a definition of cell movement (not shown in Figure
2.2), entry terms, and the MeSH tree for this concept. The headings below
cell movements in the tree are narrower concepts and the headings above
are broader. Write down the entry terms and headings that are relevant to
your topic. While the entry terms are automatically searched in databases
that use MeSH, they may be useful keyword alternatives in databases or
search engines that do not.

Choose effective keywords

Effective keywords are neither too broad nor too narrow in scope. Key-
words that are too broad will retrieve an unmanageable number of arti-
cles that, for the most part, are not relevant to your topic. On the other
hand, keywords that are too specific may not get any results. For each
concept in your topic, therefore, try to come up with moderately specific
terms, synonyms, and related descriptors (Figure 2.3). Consider different
woid endings (photosynthetic versus photosynthesis), abbreviations (HIV
for human immunodeficiency virus), and alternative spellings (American ver-
sus British English). Avoid vague terms like effect and relationship between.
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Flgure 2,2 MeSH tree for the concept ceil movement. The related Entry Terms
shown above the tree are automatically included in a search for the phrase cell
movement in databases such as PubMed, which use MeSH.

Connect keywords with the operators and, or, or not

After you have generated a list of keywords, select two or more and com-
bine them in a search siring using operators such as and, or, or not.

& When the word and is used between keywords, the references
must have both words present. This connector is a good way to
limit your search.

& When the word or is used, the references must have at least one
of the search terms. This connector is a good way to expand your

Oxidoreductases, peroxidases,

Temperature | + | Initial velocity, reaction rate, activity | + horseradish peroxidase, HRP

Figure 2.3 Possible keywords generated from concepts related to the topic
“How temperature affects the initial velocity of peroxidase, an enzyme Isolated
from horseradish.”
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search. For example, the search string biuret or Bradford turned up
over 9984 hits in PubMed, while biuret and Bradford resulted in
only 19 (@another search may not result in the same numbers, but
the difference would likely be of the same magnitude).

s When the word not is used, then the references should not contain
that particular keyword. This connector is another way to Jimit
your search.

Use truncation symbols for muitiple word endings

Truncation is a method for expanding your search when keywords have
multiple endings. For example, many words related to the corcept of tem-
perature begin with therm, such as thermoregulation, thermoregulatory,
thermy, and thermal. Rather than writing a lengthy search string contain-
ing all of these terms, simply type therm followed by a wildcard symbol
like % ?, or £ The appropriate tfruncation symbol can be found in the Help
menu of the database you are searching. Google Scholar uses stemming
technology instead of truncation, whereby it automatically searches for
variations in word endings for the given keyword.

Search exact phrase

When the keyword is a phrase, the search engine typically searches for
adjacent words in order. Unfortunately, the search results may also

Include “false hits” in which the words are separated. When it's important

to search an exact phrase, use quotation marks. For example, type “RNA
polymerase” instead of RNA polymerase.

Use the same keywords in a different database
orsearchengine

If you are not having any success with different keyword combinations
in one search engine or database, try a different one. Google Scholar
searches the entire Web and may find links to published journal articles
on scientists” homepages or course websites. These media are not included
in PubMed or Web of Science database searches. Take advantage of the
resources at your disposal. Remember that once you find that one good
journal article, it will be much easier to find others (see the section “Find-
ing related articles™).

Evaluating Search Results

After you type a keyword string into the search box, the search engine
goes to work. The result is a page that lists the records by publication date
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Enter keywords into
search box

|

Generate list of
records

&

Read title of next
unread record

All records?

Relevant? No
‘_ Yes
Read abstract
Relevant? No
w Yes

Get full-text article

Figure 2.4 FEvaluating database or search engine results is an iterative process.

(most recent first), relevance, or another criterion. Each journal article
record contains the article title, the authors’ names, the name of the jour-
nal, the volume and issue numbers, the pages, and the publication date.
Based on the title, decide if you want to read the abstract. After having
read the abstract, decide whether you want to read the entire paper. This
iterative process is summarized in Figure 2.4.

The results pages for Web of Science and PubMed are formaited
slightly differently, but both contain the same basic information about
the journal articles (Figure 2.5). You will need this information when you
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Figure 2.5 The results page from (A) Web of Science, (B} PubMed, and
{C} Google Scholar for the keyword phrase aphantoxins.
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Figure 2.6 Detailed record from Web of Science showing the abstract, a link to
the full-fext article, and links to related articles. The full text article is stored in
ScienceDirect, a repository of academic journals and ebooks managed by Else-
vier. The correspending links from Google Scholar and PubMed lead to the same
full-text article. The citation information can also be saved to a reference man-
ager such as EndNote, Mendeley, RefWorks, or Zotero.
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 cite the article in your lab report or research paper (see the section “Doc-

“umenting Sources” in Chapter 4). Google Scholar, on the other hand, lists
- - the authors, journal name, year, and publisher followed by an excerpt of

the abstract or passage where the keywords are used.

Skim the titles of the first 20 records. If the titles seem to be unrelated
to your topic, start a new search with different keywords using the strat-
egies described previously (see the section “Choose effective keywords”).

- If a title seems promising, click it to open a page that contains the abstract

(Figure 2.6). Based on the title and the abstract, decide whether or not you
want to read the entire article. In Google Scholar, clicking the title takes
you directly to the source text.

Finding related articles

Once you have found a good article, Web of Science makes it easy to find
related articles. In the Times Cited section, there is a list of more recent
papers that cite this article (see Figure 2.6). Clicking on one of these titles
Opens a new page that displays the abstract of the more recent paper. In

~ the Cited References section, you can view the references listed in the

article. Browsing the list allows you to find related papers with a slightly

_different focus. In the View Related Records section, papers are listed,
. which cife references that were also cited in the article. Common refer-
- ences indicate that the authors were pursuing a similar research topic.

PubMed also offers a Similar Articles option (see Figure 2.6).
Finding review articles is the equivalent of hitting the mother lode.
Review articles are secondary references that summarize the findings of

.all major journal articles on a specific topic since the last review. You can

find background information, the state of current knowledge, and a list
of the primary journal articles authored by scientists who are working on
this topic. If you are unable to find a relevant review article in a database,
go-directly to the Annual Reviews website (www.annualreviews.org) and
search for your topic. If you find a promising review article on this web-
site, you may be able to obtain a copy through your academic library.

- Most of the article databases and search engines also have an advanced
search option. Advanced search makes it possible for you to limit your
search by specifying one or more authors, publication years, journals, and
other criteria.

Obtaining fuli-text articles |
If the title and the abstract of an article sound promising, you will want to

- . obtain the full-text article. Web of Science, PubMed, and Google Scholar

all have links to full-text articles that you can download as a PDF (see Fig-
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ure 2.6). Some publishers also offer an HTML option. PDFs preserve for-
matting, while HTML files contain hyperlinks that make it easy to access
other references. Save the full-text article to your computer or cloud stor-
age space to read later. Copy the URL and write down the download date,
because you may need this information when citing the source.

While the abstract is usually free, some publishers charge a fee to access
the full-text article. Fortunately, academic libraries and institutions often
purchase subscriptions so that faculty, staff, and students can obtain many
electronic journal articles for free. If your library does not have a sub-
scription and you are not in a hurry to get the article, you may be able to
use interlibrary loan. Interlibrary loan is a way for a library to borrow or
obtain materials that it does not own from another library or organization.

Managing References (Citations)

Reference managerment software makes it possible fo
w Build your own collection of references from database searches.
® Insert citations into a paper.

s Format both the in-text reference and the end reference according
to the style specified by your instructor. You can select from
hundreds of styles, including the familiar CSE, APA, MLA, and
Chicago styles. If you are submitting your paper to a journal,
RefWorks even offers styles for specific journals.

Some of these products are free to everyone {e.g,, Mendeley and Zotero)
and others are free as long as you are affiliated with a subscribing institu-
tion {e.g., RefWorks and EndNote).

Many scientists and other scholars rely heavily on reference manage-
ment software to organize all of their references. Students will appreciate
the convenience and ease of use of these programs as well. The following
instructions for RefWorks are intended simply to make you aware of the
possibilities. If you like what you see, ask your librarian if you can access
something similar at your school.

ProQuest RefWorks

Create an account Go to the RefWorks login page found at https://
refworks.proguest.com. Enter your institution’s credentials and create an
account. You will receive an email confirmation to complete the process.
To learn the basics of RefWorks in 20 minutes, watch the helpful YouTube
tutorials available at hitps://wwwyoutube.com/channel/UCzmTj AGeY59
VoNv-05veCg,
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Figure 2.7 The Download Citations dialog box is used to specify the format
{use RIS for RefWorks) and whether the abstract or any references are to be
included with the citation.

Download citation into RefWorks

1. After you have found a reference that seems useful, click the
Cite or Export or Dewnlead to citation manager link in the
database or on the publisher’s website.

2. In the Download Citations dialog box, click the desired content:
Citation only, Citation and references, or Citation and
abstract (Figure 2.7). Click Download Citation(s). The citation
file will be downloaded to your computer in RIS format.

3. In RefWorks, click + (Add a Reference) | Impori References
(Figure 2.8). Under Impart from a file, click the “select a file
from your computer” hyperlink, navigate to the .ris file, and click
Open. It doesn't seem to matter that Abbott Labs is the defauli,
even though the file was downloaded from a different database.

4. The dialog box will notify you that 1 reference was imported. Click
Last Imporied to see the details of the reference.

‘5. References are easier to find when they are assigned to folders. To
create a new folder, click My Folders [ Add a folder (sec Figure

2.8). Then drag the imported reference into the new folder or into
an existing one.

.. Download Write-N-Cite or RefWorks Citation Manager Before you
can insert the references you saved in RefWorks into a paper, you have to
. .download an add-in to your computer.
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m Citation-Sequence
& Name-Year
a (Citation-Name

The Citation-Name system is a hybrid of the other two and will be dis-
cussed briefly in Chapters 3 and 4.

CITATION-SEQUENCE (C-9)

In the Citation-Sequence system, in-text references are munbered sequen-
tially and the corresponding full reference is given in a numbered list at
the end of the paper.

1. Begin typing your paper in Word. Save ﬂ.:w document after you
come to a senfence in which you want to cite a reference.

2. Click the down arrow next to Reflllorks | Citation &
Bibliography | Style. The Council of Science Editors styles
are not among the top six styles listed. To add CSE styles to the
list, open RefWorks in your browser and click the ” (Create
Bibiiegraphy) button and then Create Biblicgraphy. In the
second field from the left on the menu bar, click the down arrow

and type “cse” into the search box. Select the Council of Science
Editors — CSE 8th, Citation-Sequence style.

3. Back in your Word document, click ReflWorks | Extras | Sync
My Database to download the new style to your computer. The
six most recently used styles are displayed.

4. Position the cursor one space after the word or after the period where
you want to cite a reference. Click ReflBarks | Citation &
Eiblicgraphy | Insert Citation. In the Inseri/Edit Citation
dialog box, navigate to the relevant folder and click the reference
that is to be cited (see Figure 2.9). A superscripted number will
appear in the Word document.

5. Repeat this process for each reference to be cited.

6. Save the document just before you are ready to generate the end
reference list (bibliography). This step is important, because Write-
N-Cite will not properly format the in-text reference and the end
references list if the document has not been saved.

7. Position the cursor at the end of the document. Click RetlWorks
| Citation & Bibliocgraphy | Bibliegraphy Bptions | insert
Bibliography (Figure 2.10).

8. In your Word document, in-text references are listed sequentially
and the information in the end references is in the correct order.
Minor editing may be required, but think of the time you'll save by
not having to type reference lists!
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. Figure 2.10 Tinal appearance of a sample lab report formatted using the
-Citation-Sequence system. After clicking Bibliography Dptions | Insert

Bibliography, Write-N-Cite generates the end reference list based on the style
selected.

NAME-YEAR (N-Y)
In the Name-Year system, the in-text reference is given in the form of authe
and year. The number of authors determines the format of the citation:

& 1 author: Author’s last name followed by year of publication

s 2 authors: First author’s last name and second author’s last name
followed by year of publication

= 3 or more authors: First author’s last name followed by the words
and others (or et al) and year of publication

,.H.rm corresponding full references are listed alphabetically at the end ¢
the paper.

1. Begin typing your paper in Word. Save the document after you
- come fo a sentence in which you want to cite a reference.

2. Click the down arrow next to Reflllorks | Citation &
Bibliography | Style. The Council of Science Editors styles
are not among the top six styles listed. To add CSE styles to the
list, open RefWorks in your browser and click the ” (Create
Biblingraphy) button and then Create Bibliography. In the
second field from the left on the menu bar, click the down arrow
and type “cse” into the search box. Select the Council ef Stience
Editors — CSE 8th, Name-Year Sequence style.
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3. Back in your Word document, click RefWorks | Extras | Sync
My Database {o download the new style to your computer. The
six most recently used styles are displayed.

4. Position the cursor one space after the word or ahead of the period
where you want to cite a reference. Click Reflorks | Citation
& Bibliography [ insert Citation. In the Insert/Edit Citation
dialog box, navigate to the relevant folder and click the reference
that is to be cited (see Figure 2.9).

5. Repeat this process for each reference to be cited.

6. Save the document just before you are ready to generate the end
reference list. This step is important, because Write-N-Cite will not
properly format the in-text reference and the end references list if
the document has not been saved.

7. Position the cursor at the end of the document. Click ReflWorks
f Citation & Bikliography | Biblingraphy Options | Insert
Bibliography.

8. Inyour Word document, in-text references are listed in
alphabetical order, and the information in the end references is in
the correct order (Figure 2.11). Minor editing may be required, but
think of the time you'll save by not having to type reference lists!
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'Reading and Writing
Scientific Papers

Reading and writing are two sides of the same coin. We read to acquire
knowledge and write to disseminate it. Acquiring knowledge in biology

+18 1ot just about memorizing facts and practicing lab techniques. Knowl-
' redge acquisition is a lifelong process that involves mastering the basics,

applying basic information to new situations and problems, and review-
ing and reciting the information at regular intervals until it becomes sec-
ond nature. Disseminating knowledge through written and oral com-

“‘mumications requires a certain mastery of the subject matter. Although
_writing may help you identify gaps in your knowledge, lab reports and
. .other forms of scientific communication are best written affer you have

-struggled to understand the material. Your understanding must then be
- translated into words that convey knowledge clearly and concisely to your
- readers. Writing well is hard work, but in the long run, good communica-
‘tion skills will open doors to an interesting, challenging, and financially
rewarding career in biology.

-Types of Scientific Communications

Scientific writing takes many forms. As an undergraduate biology major,

- you will be asked to write laboratory reports, answer essay questions on
 exams, paraphrase information from journal articles, and do literature

surveys on topics of interest. Third- and fourth-year college students

., may write research proposals and honors theses and present their work
at poster sessions and other venues. Graduate students typically write
- master’s theses and doctoral dissertations and present talks about their
- research at national and international conferences. Professors write lec-
tures, letters of recommendation for students, grant proposals, reviews of
--articles submitted for publication fo scientific journals by their colleaguies,

and evaluations of grant proposals. In business and industry, scientific
writing may take the form of progress reports, product descriptions, oper-

-
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3. Back in your Word document, click Reflllarks | Extras | Sync
My Batabase to download the new style to vour computer. The
six most recently used styles are displayed.

4. Position the cursor one space after the word or ahead of the period
where you want to cite a reference. Click ReflJorks | Citation
& Bibliography | Insert Citatien. In the Insert/Edit Citation
dialog box, navigate to the relevant folder and click the reference
that is to be cited (see Figure 2.9).

5. Repeat this process for each reference to be cited.

6. Save the document just before you are ready to generate the end
reference list. This step is important, because Write-N-Cite will not

properly format the in-text reference and the end references list if
the document has not been saved.

7. Position the cursor at the end of the document. Click Reflorks
| Citation & Bibliography | Bibliography Options | Insert
Bibliography.

8. In your Word document, in-text references are listed in
alphabetical order, and the information in the end references is in
the correct order (Figure 2.11). Minor editing may be required, but
think of the time you'll save by not having to type reference lists!
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ating manuals, and sales and marketing material. Medical writers research
and prepare various kinds of documents and educational materials for
healthcare professionals, pharmaceutical companies, and regulatory agen-
cies. Journalists write about science for a broad, non-specialist audience.

Hallmarks of Scientific Writing

What distinguishes scientific writing from other kinds of writing? One
difference is the motive. Scientific writing aims to inform rather than to
entertain the reader. The reader is typically a fellow scientist who intends
to use this information to

= Stay current in his or her field.

g Build on what is already known.

m Improve a method or adapt a method to a different research question.
# Make a process easier or more efficient.

a Improve a product.

A second difference is the style. Brevity, a standard format, and proper
use of grammar and punctuation are the hallmarks of well-written scien-
tific papers. The authors have something important to communicate, and
they want to make sure that others understand the significance of their
work. Flowery language and “stream of consciousness” prose are not
appropriate in scientific writing because they can obscure the writer’s
intended meaning.

A third difference between scientific and other types of writing is the
tone. Scientific writing is factual and objective. The writer presents infor-
mation without emotion and without editorializing.

Scientific Paper Format

Scientific papers, or research papers, are descriptions of how the scientific
method was used to study a problem. They follow a standard format that
allows the reader, first, to determine initial interest in the paper, second,
to read a summary of the paper to learn more, and, finally, to read specific
sections of the paper iiself for particular details. This format is very con-
venient, because it allows busy people to scan volumes of information in a
relatively short time, and then spend more time reading only those papers
that truly provide the information they need.
Almost all scientific papers are organized as follows:

a Title
e List of authors
e Abstract

Reading and Writing Scientific Papers

m Introduction

m Materials and Methods
g Results

a Discussion

m Acknowledgments

m References

This standard structure is sometimes called the IMRD format. IMR'
an abbreviation of the core sections of a scientific paper.

The Title is a short, informative description of the essence of
paper. It should contain the fewest number of words that accurately -
vey the content. Readers use the title to determine their initial intere:
the paper.

Only the names of people who played an active role in designing
experiment, carrying it out, and analyzing the data appear in the Lis
Authors.

The Abstract is a summary of the entire paper in 250 words or les
contains (1) an infroduction (scope and purpose), (2) a short descriptic
the methods, (3) results, and @) conclusions. There are no literature
tions or references to figures in the abstract. If the title sounds promis
readers will use the abstract to determine if they are interested in rea
the entire paper.

The Introduction concisely states what motivated the study, how i
into the existing body of knowledge, and the objectives of the work.
introduction consists of two primary parts:

1. Background or historical perspective on the topic. Primary
journal articles and review articles, rather than textbooks and
newspaper articles, are cited to provide the reader with direct
access to the original work. Inconsistencies, unanswered questios
or new questions that resulted from previous work set the stage f
the present study.

2. Statement of objectives of the work. What were the goals of the
present study?

The Materials and Methods section describes, in full sentences
well-developed paragraphs, how the experiment was done. The au
provides sufficient detail to allow another scientist to repeat the ex
ment. Volume, mass, concentration, growth conditions, temperature,
type of microscopy, statistical analyses, and sampling techniques are -
cal pieces of information that must be included. When and where the s
was carried out is important if the study was done in the field (in nat
but is not included if the study was done in a laboratory. Conventi
labware and _monmwoJ\. techniques that are common knowledge (farr
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to the audience) are not explained. In some instances, it is appropriaie to
use references to describe methods.

The Results section is where the findings of the experiment are sum-
marized, without giving any explanations as to their significance (the
“whys” are reserved for the Discussion section). A good Results section
has two components:

m A text, which forms the body of this section

u Some form of wisual that helps the reader comprehend the data and
get the message faster than from reading a lengthy description

In the Discussion section, the results are interpreted and possible
explanations are given. The author may:

m Summarize the results in a way that supports the conchusions.

& Describe how the resulis relate to existing knowledge
(literature sources).

m Describe inconsistencies in the data; this is preferable fo
concealing an anomalous result.

® Discuss possible sources of error.
@ Describe future extensions of the current work.

In the Acknowledgments section of published research articles, the
aufhors recognize technicians, colleagues, and others who have contribuied
to the research or production of the paper. In addition, the authors acknowl-
edge the organization(s) that provided funding for the work as well as indi-
viduals who provided non-commercially available products or organisms.

References list the outside sources the authors consulted in prepar-
ing the paper. No one has time to return to a state of zero knowledge and
rediscover known mechanisms and relationships. That is why scientists
rely so heavily on information published by their colleagues. References
are typically cited in the Introduction and Discussion sections of a scien-
tific paper, and the procedures given in the Materials and Methods section
are often modifications of those in previous work. :

Styles for Documenting References

The Council of Science Editors (CSE Manual 2014) recommends the fol-
lowing three systems for documenting references:

Citation-Sequence System. In the text, the source of the cited
information is provided in an abbreviated form as a superscripted
endnote or a number in square brackets or parentheses. On the
references pages that follow the Discussion sectior, the sources are
listed in numerical order and include the full reference.
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Name-Year System. In the fext, the source is given in the form

of author(s} and year. On the references pages that follow the
Discussion section, the references are listed in alphabetical order
according to the first author’s last name.

Citation-Name System. This system is a hybrid of the Citation-
Sequence and Name-Year systems. In the text, the source of the cited
information is provided in an abbreviated formn as a superscripted
endnote or a number in square brackets or parentheses. On the
refererices pages that follow the Discussion section, the references

are listed in alphabetical order according to the first author’s last
name. The references are then numbered sequentially.

The Name-Year system has the advantage that people working in the fi
will know the literature and, on seeing the authors” names, will unc
stand the reference without having to check the reference list. This s
tem is more commonly used and generally is preferred. With the Citati
Sequence and Citation-Name systems, for each reference the reader m
turn to the reference list at the end of the paper to gain the same ini
mation. The Name-Year and Citation-Sequence systems are describec
detail on pp. 90-94.

Strategies for Reading Journal Articles

The way you read a journal article depends on why you are reading
The strategy described below is a modification of the SQ3R method i
ommended by learning support staff to improve reading comprehens
{see, for example, resources posted by The Teaching and Learning C
ter at Bucknell University 2016; Counselling Services at the Univer:
of Victoria 2016; and links within these websites to other websites). ~
method itself takes longer to complete than simply sitting down and ¢
sively reading the article. However, the investment in time is rewarded
deeper understanding and the ability to recall the information for a lon
time afterwards.

Prereading. Also called previewing or surveying. This method
involves skimming a text to get an overview or to find specific
information. Prereading is designed for speed, not comprehension.
Thus you would preread a journal article to decide if you are
sufficiently interested in the content to read the article carefully
later. Start by skimming the title, the abstract, the key words (if
present), and the first few sentences of the introduction. If the
paper seems promising, look for specific information by section.
The standard IMRD structure facilifates this process.
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Reading for comprehension. Let’s assume that you want to read
this jowrnal article. First preread it to get an idea of the topic, as
described above. Then take some time to reflect on what you already
know about this topic. If you find that this article is way over your
head, you will need to acquire background information. With
appropriate background information, you can then engage actively
with the content by formulating questions and seeking answers.
Write the answers in your own words and then practice saying them
out loud from memory. Discuss your newly acquired knowledge
with your study group or instructor to improve your understanding.
Then share your knowledge. Fach of these steps is described below.

Acquire background information on the topic

Papers in scientific journals are written by experts in the field. Because
you are not yet an expert, you will probably {ind it difficult to read and
understand journal articles. Even experts may read journal articles sev-
eral times before they understand the methodology and the implications
of the findings.

For convenience, you may start looking for background information
on a topic by entering key words in Google, Wikipedia, or even YouTube.
However, these websites should not be considered authoritative sources
for academic work. A better choice may be your textbook, written by
scientists and reviewed by other scientists before publication. Because
textbook authors generally write for a student audience, not a group of
experts, your textbook is likely to be easier to read than the primary liter-
ature. See “Sirategies for Reading your Textbook” on pp. 3942 for ways
to read biology textbooks efficiently.

Formulate questions

Active reading means reading with a purpose. Scientists read jour-
nal articles specifically to acquire the most up-to-date knowledge about
a topic directly from the researchers who did the work. In other words,
like those scientists, you are reading a journal article to find answers to
specific questions. So before you begin reading, make a list of questions.
The following questions, divided according to section, will help you read
journal articles with focus.

For the introduction The structure of the introduction is broad to
specific. The first few sentences are aimed at attracting reader interest,
and the topic is introduced in general terms. Subsequent sentences narrow
down the topic, setting the stage for the specific goals of the study, which
are usually stated in the last few sentences.

~r
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= What is the general topic of this paper?
a What aspect of this topic is being studied?
& What was already known about the specific topic?

= What was unknown or what questions were the authors trying to
answer?

a What was the authors’ approach?
= Did the authors propose any hypotheses?
m What specialist terminology (jargon) do I need to define?

For the materials and methods
m What was the general approach?
a What specific methods were used?

# Am I familiar with these methods? {If not, acquire background
information from secondary sources.)

For the results Look at each figure and read the figure caption to
determine what kind of results were collected. Results can be descriptive
or numerical.

Photographs, gel images, phylogenetic trees, maps, and flow charts typ-
ically show descriptive data. Tables may also contain descriptive data. Pos-
sible questions to ask about these kinds of visual aids include:

s What is the subject of the figure (or table)?

= Does the figure show a sequence of events? If so, what is that
sequence?

e Are there any labeled organelles, structures, or marks? Why are
they important?

m Does the picture show a relationship between form and function?
If so, what is the relationship?

= Are there any noteworthy patterns? If so, what is the pattern?

Graphs always show quantitative (numerical) data. ook at each graph
and identify the variables. By convention, the independent variable (the
one the investigator manipulated) is plotted on the x-axis, and the depern-
dent variable (the one that changes in response to the independent vari-
able) is plotted on the y-axis. On bar graphs, one of the variables is typi-
cally categorical rather than quantitative.

m What was the relationship between the independent and depen-
dent variables?
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a If a hypothesis was tested, was there a difference between the con-
irols and the treatment groups? If so, how were they different?

For the discussion The structure of the Discussion section is a triangle,
narrow at the top and wide at the base. Information flows from specific
to broad (just the opposite of the introduction). The first few paragraphs
present the results along with the authors” interpretation. In the next part
of the discussion, the results are compared with those in other research
papers. The discussion often wraps up with the authors” main conclusions
or how this work contributes to the body of knowledge on this topic.

& What were the main results?
g What do the results mean?
s What was the authors” most important conclusion?

Read selectively

With your list of questions in hand, you are now able to read the article
with. a specific goal: to find the answers to your questions. Tech-savvy
readers who have downloaded PDF versions of jowrnal articles may open
them in Adobe Reader and enter key words from their questions to search
the document for answers quickly and systematically. Whether you use
the document search feature or not, write the answers in your own words.
If the answers raise new questions, write them down, too, so that you can
find those answers later.

Recite

Recite means to say out loud from memory. Whereas reading uses your
eyes and writing uses your hands, reciting forces you to speak and listen.
When you use multiple senses in a learning environiment, you make more
connections, which lead to deeper understanding and beiter recall. Go
to a room where you won't be embarrassed to talk to yourself. Read each
of your answers out loud. Listen to yourself speak. Are these words you
would use or are they someone else’s? Does one sentence follow logically
from the previous one? Keep practicing until you can answer the ques-
tions in your own words without looking at your answer sheet. If you are
having trouble with this step, have a conversation with your study group
or instructor to clarify your undersitanding.

Review

Take a step back and review what you've learned. Were you able to find
answers to all of your questions, both the original ones and the new

ones? Are you unsure of any of your answers? The question and answer
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approach to reading makes it easier to articulate what it is that you don't
understand. Get help and then review again. The review process gives
you multiple opportunities to reflect on what you've learned, identify gaps
in your understanding, and think about topics at a deeper level.

Share your knowledge

It's no secret that sharing what you've learned with others reinforces your
own knowledge. That said, you probably had a specific reason for reading
a journal article, and that reason determines how you share your knowl-
edge. For example, you may be asked to analyze the results on an exam, or
present the paper to your journal club or research group, or cite the paper
in a lab report, research proposal, poster, or thesis to demonstrate that you
are familiar with the most current knowledge on this topic. Other exam-
ples of how scientific knowledge is shared are given on p. 31-32.

Strategies for Reading Your Textbook

If a textbook is required for your course, you can be sure that your instruc-
tor expects you to read it. Keep up with your readings. Before each class,
preread the text as described in “Survey the content” below. Go to class,
take notes, and then actually read the assigned text, focusing on the topics
emphasized in class. Reading for comprehension requires your full con-
centration. Turn off your cell phone and eliminate all other distractions for
30-40 minutes. Then take a short break. Repeat the process. You will find
that you can accomplish much more in less time when you focus on one
thing ata time.

The following strategy for reading your textbook is recommended by
many uriversity teaching and learning support centers (see, for example,
resources posted by The Teaching and Learning Center at Bucknell Uni-
versity 2016; Counselling Services at the University of Victoria 2016; and
links within these websites to other websites). The steps follow the SQ3R
method (survey, question, read, recite, review), which was developed to
help students learn and remember what they read. The process takes more
time in the beginning, but it saves you time studying in the long run. The
following steps work best with a chapter no longer than 25-30 pages.

Survey the content
This first step in the SQ3R method should not take a lot of time and should

be done before class. Look over the assigned pages to get an overview of
the content. Figure out the main topics by skimming the chapter title, the
introduction, the end-of-chapter summary, and the check-your-under-
standing questions and problems. Then assess the level of detail by skim-
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ming the headings and subheadings as well as the pictures. Finally, scan
the text for boldfaced terms, which are often vocabulary words that you
are expected to know. Prereading the chapter before class allows you to
spend less time writing and more time listening, because vou already
know what information is covered in your textbook.

Go to class and take notes

Some instructors provide PowerPoint slide decks for their lectures, or your
textbook may come with a printed lecture notebook or a DVD with the fig-
ures. Bring these printouts to class to use when taking notes. Write down
anything the instructor writes on the board. Write down anything asso-
ciated with the words “This is important.” Develop your own shorthand
system for taking notes. If you missed something, insert a big question
mark so that you can fill in the missing information later. Your notes form
a framework for organizing information about the topic, and they help
you identify the key concepts that were emphasized in lecture. With your
notes as a reference, reading becomes an exercise in elaborating on details
and making connections.

formulate questions

Before you start reading, ask yourself, “What do [ already know about this
topic?” Make a list of key concepts that you remember. Keep this list handy
so that you can correct any misconceptions after you finish reading.

Now review your notes and formulate questions about the topics. Read-
ing engages the eyes, but thinking about the topics and writing down ques-
tons provides your brain with additional sensory input. The more senses
you engage in learning, the better your memory recall. Here are some pos-
sible questions that will help you engage actively with the material.

s Why is [this topic] important?

® How is [fopic 1] related to [topic 2J?

a How is [topic 1] different from [topic 2]?

m What experimental evidence led to our current understanding of
this topic?

# Why was this approach to the problem taken? Would another also
have worked?

Read selectively

Find the sections in your assigned reading that cover the topics empha-
sized in class. Fill in the gaps in your notes. Find the answers to your ques-
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tions. As you do so, note any new questions that arise. Note any points of
confusion. Define every word so that you become comfortable with the
vocabulary. When symbols and formulas are involved, state in words
what the terms mean. Interpret any graphs or other experimental data.
Make diagrams and concept maps to help you see how topics are related.

Recite

After you'e satisfied that you've found answers to your questions, say
them out loud using your own words. The combination of speaking and
listening engages two additional senses, enhancing your ability to pro-
cess and remember the information. The acts of speaking and listening
may also help you catch errors of logic and missed connections, especially
when done in the presence of your study group or instructor. Repeat and
refine your answers until you can recite them with confidence.

Review

Set aside a block of time at regular intervals to review your class notes
and your reading notes. If you have trouble remembering all of the infor-
mation, schedule your personal review sessions at more frequent inter-
vals. Definitely try to answer any “Test Your Understanding” questions
that come with your textbook. Work the problems without locking at the
answers. When you get a wrong answer, try to pinpoint exactly where
you went wrong. Articulating what you don't understand will help your
instructor give you the kinds of cues that will allow you to figure out the
answer for yourself.

Concept (mind) mapping

A concept map (also called a mind mapy} is a type of flow chart that links
smaller concepts to a main concept. Mind maps are a way for readers to
organize knowledge about a topic visually. Mind mapping is based on the
premise that new knowledge must be integrated with existing knowledge
before further learning is possible. Without this integration, new knowl-
edge is quickly forgotten and misconceptions in existing knowledge will
contimue to persist (Novak and Cafias 2008). When used with an active
reading strategy such as the SQ3R method described above, mind map-
ping is a powerful way to think about concepts more deeply and retain
the information longer (University of Victoria Counselling Services, Read-
ing and Concept Mapping Learning Module, 2016).

The strategy described here works best with a chapter or section of text
no longer than 25-30 pages (Palmer-Stone 2001).
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1. Take no more than 25 minutes to:

m Read the chapter title, introduction, and summary (at the end of
the chapter, if present).

# Read the headings and subheadings.

= Read the chapter title, introduction, summary, headings, and
subheadings again.

s Skim the topic sentence of each paragraph (usually the first or
second sentence).

® Skim italicized or boldfaced words.
2. Close your textbook. Take a full 30 minutes to:

m Write down everything you can remember about what you
read in the chapter (make a mind map). Each time you come to
a dead end, use memory techniques such as associating ideas
from your reading to lecture notes or other life experiences;
visualizing pages, pictures, or graphs; staring out the window
to daydream; and letting your mind go blank.

s Figure out how all this material is related. Organize it accord-
ing to what makes sense in your mind, not necessarily accord-
ing to how it is organized in the textbook. Write down ques-
tions and possible contradictions to check on later.

3. Open your textbook. Fill in the blanks in your mind map with a
different colored pencil.

4. Read the chapter again, this time normally. Make another mind
map.

5. Review the material at regular intervals. If you can’t construct
your mind map in sufficient detail (i.e., you have forgotten much of
what you read), then review more frequently.

How to Succeed in College

Success in college starts with having the right attitude. You may not be
interested in every fopic in every course, but it is important to look at the
big picture. You chose to go to college because you expect that the knowl-
edge and skills learned in college will help you achieve your short-term
and long-term goals. Meaningful learning, however, requires a conscious
decision to want to learn.

Assuming you are motivated to learn, how can you make the most of
your study time? What counts is not how much time, but the quality of
the time you spend studying. Take advantage of your school’s resources
to develop good time management and study skills in your first semes-

T
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ter. Some strategies include putting due dates for all assignments in your
calendar; planning ahead, especially when you have multiple exams or
papers in the same week; scheduling study time in blocks of 30-40 min-
utes with breaks in between; reviewing class notes as soon as possible
after class; reviewing material in short, frequent sessions rather than in
one long, drawn-out sitting the day before an exam. Figure out where,
when, and how you learn most effectively.

Finally, take advantage of all of your resources. Most biology textbooks
come with instructions for using the book. Take the time to read those
instructions, because they tell you how to use the various components
—including online resources—most effectively. Join a study group (see
below), attend all classes and recitations, and go to your instructor’s office
hours to seek help sooner rather than later. Keep in mind that learning
takes time, effort, and repetition, and your willingness to learn makes all
the difference in a successful academic experience.

mﬁ_:% Groups

If you have read the material several times, taleen notes, and listened atten-
tively in lecture, but still have questions, talk about the material with your
classmates. Small study groups are one reason why students who choose
to major in the sciences persist in the sciences, rather than switching to a
non-science major (Light 2001).

What are some benefits of participating in small study groups? One
benefit is the comfort level. You may be more likely to talk about problems
when you are among your peers; after all, they are not the ones who assign
your grade. Secondly, when a group is composed of peers with a similar
knowledge base, group members speak the same language. Your instruc-
tor speaks a different language, because he or she has already struggled
to master the material. When you communicate with your classmates,

_you verbalize your ideas at a level that is appropriate for your audience of
peers. Finally, collaborative learning reflects the way scientists exchange

information and share findings in the real world. A spirit of camaraderie
develops when people work together toward a cormunon goal. The pros-
pect of learning difficult subject matter is no longer so daunting when you
have support from a small group of like-minded individuals. The hard
work may even be fun when there is good group chemistry.

" Group study is not a substitute for studying alone, however. You
must hold yourself accountable for reading the material, taking notes,

and figuring out what you do not understand before you meet with your

group. If you have not struggled to understand the material yourself, you
are not in a position to help a classmate.
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Plagiarism
Plagiarism is using someone else’s ideas or work without acknowledging
the source. Plagiarism is ethically wrong and demonstrates a lack of respect
for members of your academic community (faculty and fellow students)
and the scientific community in general. Many instructors are now using
plagiarism checking services such as Turnitin® and SafeAssign’™ w_w..mgmnw.
board to discourage intentional plagiarism, such as “borrowing” portions of
another student’s work, recycling lab reports from previous years, and w&\.
ing papers on the Internet. Plagiarists who are caught can expect to receive
at a minimum a failing grade on the assignment and close scrutiny in sub-
sequent work. Plagiarism may also be cause for expulsion from school.
Many cases of plagiarism are unintentional, however, and stem from
issues such as:

@ Failure to understand what kind of information must be
acknowledged

® Failure to reference the original material propetly
® Failure to understand the subject matier clearly

Information that does not hiave to be acknowledged

Gengral infermation that is obtained from sources such as news media,
textbooks, and encyclopedias does not have to be acknowledged.

EXAMPLE: Most of the ATP in eukaryotic cells is produced
in the mitochondria.

Information that is common knowledge for your audience does not have
to be acknowledged. In an introductory course in cell and molecular biol-
ogy, for example, students would be expected to know that ATP synthase
is the enzyme that produces ATP through oxidative phosphorylation.

EXAMPLE: ATP is synthesized when protons flow down
their electrochemical gradient through a
channel in ATP synthase.

Information that has to be acknowledged

Information that falls into any of the following categories must be
acknowledged:

® Information that is not widely known
# Controversial statements, opinions, or other people’s conclusions
= Pictures or illustrations that you use but did not produce

m Statistics or formulas used in someone else’s work

& Direct quotations
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Paraphrasing the source text

Direct quotations are used in the humanities, but usually not in scientific
papers. This idiosyncrasy of technical writing requires you to paraphrase
the information in the source document. Paraphrasing—using your own
words to express someone else’s ideas—requires considerable thought
and effort on your part. Not only do you have to have sufficient knowl-
edge abouf the subject, you have to feel comfortable using the vocabulary.
Read your textbook and other secondary sources, discuss the topic in your
study group, or ask your instructor for clarification. A lot of groundwork
has to be done before you can even begin fo read a journal article, let alone
paraphrase information it contains.

After you have sufficient background information on the topic, you are
ready to tackle the content. Accept the fact that comprehension is an ongo-
ing process in which you will read the source text, process the informa-
tion you've read, read the text again, and process some more. When you are
comfortable with the content, take notes on the important points, following
the collective advice of Hofmann (2014), Lannon and Gurak (2011), McMil-
lan (2012), Pechenik (2016}, and other authorities on scientific writing:

® Don't take notes until you have read the source text at least twice.

= Don't look at the source text when you are taking notes.

& Use your own words and write in your own style.

u Retain key words.

& Don't use full sentences. .

& Distinguish your own ideas and questions from those of the
source text (e.g., “Me: Applies only to prokaryotes?”).

@ Use quotation marks to indicate exact or similar wording. Keep
in mind that you will have to put the information into your own
words if you use the information in your paper.

= Don't cite out of context. Preserve the author’s original meaning,

m Give yourself permission to not understand everything, If it's
important, get help.

® Fully document the source for later listing in the end references.

Faulty note-taking practices, particularly those that involve copying
large portions of the original text, are likely to result in unintentional
plagiarism. Beware of the pitfalis illustrated in Table 3.1. To avoid plagia-
rism, write in your own words and cife the source. For practice in identi-
fying and avoiding plagiarism, take Frick’s (2016) excellent online plagia-
rism tutorial. Read your institution’s policies on academic responsibility,
consult with professionals at your school’s writing center, and ask your
instructor for clarification when in doubt.
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BLE3.1  Examples of plagiarism.

Original Text

F, extends from the membrane, with the a and B subunits alternating around

a central subunit . ATP synthesis accurs alternately in different B subunits, the
cooperative tight binding of ADP + P, at one catalytic site being coupled to ATP
release at a second. The differences in binding affinities appear to be caused by
rotation of the y subunit in the center of the a3 B3 hexamer.

Plagiarized Text Reason

According to Fillingame (1997), F, extends The author’s actual words were
from the membrane, with the a and used without quotation marks or
subunits alternating around a central indenting the citation. Because
subunit y. ATP syntheasis occurs alternately direct quotations are not used in
in different 8 subunits, the cooperative scientific papers, it is imperative
tight binding of ADP -+ P, at one catalytic that you paraphrase. Using the
site being coupled to ATP release at a original text is plagiarism even

second. The differences in binding affinities  when the source is cited.
appear to be caused by rotation of the y
subunit in the center of the a3 f3 hexamer.

F, consists of o and  subunits alter- The basic sentence structure of the
nating around a central subunit y. In the g original text was maintained. A few
subunits, tight binding of ADP + P, occurs words were omitted or changed,

at one catalytic site and ATP is released at a but the text is still highly similar to
second. The different binding affinities may  the original.

be caused by rotation of the y subunit in the

center (Fillingame 1997).

ATP synthase consists of a transmembrane The taxt was paraphrased, but the
protein (F,}, a central shaft {y ),and an F head source of the information was not
made up of a and B subunits. As protons cited.

enter F,, the shaft rotates, changing the

conformation of the B subunits, allowing ADP

and P, to bind and be released as ATP.

Source: From Fillingame RH. 1997, Coupling [1* transport and ATP synthesis in F.F-ATP
synthases: glimpses of interacting parts in a dynamic molecular machine. The Journal of
Experimental Biology accessed 2017 Jan 19: 200: 217-224. hitp://jebbiologists.org feontent/200/
2/217.full.pd frhtmi

The Benefits of Learning to Write Scientific Papers

Why is it valuable to learn how to write scientific papers? First, scientific
writing is a systematic approach to describing a problem. By writing what
you know {and what you do not know) about the problem, it is often possi-
ble to identify gaps in your own knowledge.

Second, the scientific method is a logical approach to answering ques-
tions. Tt involves coming up with a tentative solution, gathering informa-
tion to become more knowledgeable about the topic, evaluating the reli-
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ability of the information, testing and analyzing the data, and arriving at
a reasonable conclusion. This approach can be applied to many situations
in your life, from deciding which graduate school to apply to, to choosing
your next cell phone or your first new car.

Third, when you learn to write lab reports, you are investing in your
future. Publications in the sciences are affirmation from your colleagues
that your work has merit; you have been accepted into the community of
experts in your field. Even if your career path is not in the sciences, scien-
tific writing is very logical and organized, characteristics appreciated by
busy people everywhere.

Credibility and Reputation

The credibility and reputation of scientists are established primarily by
their ability to communicate effectively through their written reports.
Poorly written papers, regardless of the importance of the content, may
not get published if the reviewers do not understand what the writer
intended to say.

You should think about your reputation even as a student. When you
write your laboratory reports in an accepted, concise, and accurate man-
ner, your instructor knows that you are serious about your work. Your
msiructor appreciates not only the time and effort you spent learning the

subject matter, but also your willingness to write according to the stan-
dards of the profession.

Model Papers

wﬂ,_owm writing your first laboratory report, look at articles published in
g&o.m% journals such as American Journal of Botany, Ecology, The EMBO
Journal, Journal of Biological Chemistry, Journal of Molecular Biology, and
W,\Eﬁ.mm Biology. Download or photocopy one or two journal articles that
mterest you s0 you can refer to them for format questions.

Almost all journals devote ome page or more to “Instructions to
Authors,” in which specific information is conveyed regarding length of
the manuscript, general format, figures, conventions, references, and so
oI Skim this section to get an idea of what journal editors expect from
scientists who wish to have their work published.

Because most beginning biology students find journal articles hard to
read, sample student laboratory reports are given in Chapter 6. Read the
comments in the margins as you peruse the reports to familiarize yourself

with the basics of scientific paper format and content, as well as purpose,
audience, and tone.

Goto the COMPANION WEBSITE » sites.sinauer.com/knisely5e
for samples, template files, and tutorial videos
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Step-by-Step Instructions for
Preparing a Laboratory Report
or Scientific Paper

In order to prepare a well-written laboratory report according to accepted
conventions, the following skills are required:

- @ Asolid command of the English language
@ An understanding of the scientific method
® An understanding of scientific concepts and terminoclogy
# Advanced word processing skills
m Knowledge of computer graphing software
m The ability to read and evaluate journal articles
= The ability to search the primary literature efficiently

= The ability to evaluate the reliability of Internet sources

If you are a first- or second-year college student, it is unlikely that you
possess all of these skills when you are asked to write your first labora-
tory report. Don't worry: The instructions in this chapter will guide you

* through the steps involved in prepazing the first draft of a laboratory

report. Revision is addressed in the next chapter, and the Appendices will
help you with word processing and graphing tasks.

Timetable

Preparing a laboratory report or scientific paper is hard work. It will take
much more time than you expect. Writing the first draft is only the first
step. You must also allow time for editing and proofreading (revision). If
you work on your paper in stages, the final product will be much better
than if you try to do everything at the last minute.
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Time Frame

Timetablefo
Activity

Rationale

Day 1

Days 2-3

Day 4

Day 5

Day 6

Days 6-7

Day 8

Complete laboratory
exercise.

Write first draft of
laboratory report.

Proofread and revise first
draft {hard copy).

‘Give firstdraftto a peer
reviewer for feedback, if
your instructor permits it.

Arrange to meet with your
peer reviewer mﬁm_,..:m\m:m
has had time to review
your paper {*writing
conference”).

Peer reviewer reviews
laboratory report.

Hold writing conference
“during which the reviewer
returns the first draft to
the wtiter.

Revise laboratory report.

Hand in both first draft
and revised draft to
instructor.

[t's fun. Besides, you need data to
write about.

The lah is still fresh in your mind. You
also need time to complete the
subsequent tasks bafore the due
date.

Always take a break after writing ﬁ:.m
first draft and before revising it. This
“distance” gives you objectivity to
read your paper critically.

Your peer revieweris a mo::a._:m.
board for your writing. He/she will
give you feedback on whether what
you intended to write actually comes
across to the reader. You may wish to
alert your peer reviewer to concerns
you have about your paper {see "Get
Feedback” in Chapter 5).

An informal discussion is useful for
providing immediate exchange of
ideas and concerns.

The peer reviewer should qmimé.%m.
paper according to two sets of criterla.
One is the conventions of scientific
writing as described in “Scientific
Paper Format” in Chapter 3, and the
other is the set of questions in “Get
Feedback” in Chapter 5.

An informat discussion between the
writer and the reviewer is useful to
give the writer an opportunity to
explain what he/she Sﬁm:a.mn_ o
accomplish, and for the reviewer to
provide feedback.

Based on your discussion with your
reviewer, revise as necessary.
Remember that you do not have to
accept all of the reviewer’s
suggestions.

Your instructor wanis to know what
you've learned (we never stop
learning either!).
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The timetable outlined in Table 4.1 breaks the wrifing process down
info stages, based on a one-week time frame. You can adjust the time
frame according to your own deadlines.

Format your report correctly

Although content is important, the appearance of your paper is what
makes the first impression on the reader. Before submitting papers elec-
tronically, print out and proofread the hard copy. You will be surprised
at how formatting and other kinds of errors jump out at you when you
read on paper instead of on screen. When you turn in assignients on
paper, make sure the pages are in order and the print is legible. Subcon-
sciously or not, the reader/evaluator is going to associate a sloppy paper
with sloppy science. You cannot afford that kind of reputation. In order
for your work to be taken seriously, your paper has to have a professional
appearance.

Scientific journals specify the format in their “Instructions to Authors”
section. If your instructor has not given you specific instructions, the lay-
out specified in Table 4.2 will give your paper a professional look.

Consult the sample “good” student laboratory report in Chapter 6 for
an overview of the style and layout. An electronic file called “Biology
Lab Report Template,” available at f<hEp essinauercom/Knisely5E) is
formatited according to the guidelines of Table 4.2 and provides prompts
that help you get started writing in scientific paper format. For details on

how to format documents in Microsoft Word, see the “Formatting Docu-
ments” section in Appendix 1.

Computer savvy

Know your computer and your word processing software. Most of the
tasks you will encounter in writing your laboratory report are described
in Appendix 1, “Word Processing in Microsoft Word” and Appendix 2,
“Making Graphs in Microsoft Excel.” If there is a task that is not covered
in these appendices, write it down and ask an expert later. If you run into
a major problem that prevents you from using your computer, you should
have a backup plan in place (access to another computer).

Always back up your files somewhere other than your computer’s
hard drive. Options may include a USB flash drive (also called a jump
drive or thumb drive), an external hard drive, or online. Online options
include cloud services such as Google Drive, saving your files to your
organization’s servér, or emailing files to yourself. See the section “Back-
ing up your files” on p. 193 in Appendix 1 for more information.

Save your file frequently while writing your paper by clicking H on the
Quick Access Toolbar. You can also adjust the settings for automatically
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saving your file. Windows users, oick File | Options. Mac users, click
Word | Preferences | putput and Sharing. From there, the commen
sequence is Save | sase AutoRecaber information every __ minutes.

Feature Layout

Paper g4" % 117 {or DIN Ad) white bond

Margins 1.25" 1eft and right; 1" top and bottom

Font size 12 pt {points to the inch)

Typeface Times Roman or another seriffont. A serif is a small stroke that
embellishes the character at the top and bottom. The serifs
create a strong horizontal emphasis, which helps the eye scan
lines of text more easily.

Symbols Use word processing software. Do not write symbols in by hand.

Pagination Arabic numbe, top right on each page except the first

Justification Align left/ragged right or Fuli/even edges

Spacing Double

New paragraph Indent 0.5"

Title page Title, authors {your name first, lab partner second), class, and date
(optional)

Headings Align headings for Abstract, Introduction, Materials and Methods,

Besults, Discussion, and References on left margin or center them.
Use consistent format for capitalization. Do not start each section
on a new page unless it works out that way coincidentally. Keep
section heading and body together on the same page.

Subheadings Use sparingly and maintain consistent format.

Tables and figures ncorporate into text as close as possible after the paragraph
where they are first mentioned. Use descriptive titles, sequential
numbering, proper position above or below visual. May be
attached on separate pages at end of document, but must still
have proper caption. Keep table/figure and its caption together
on the same page.

Sketches Hand-drawn in pencil or ink. Other specifications as in "T: ables
and figures” above.

References Citation-Sequence System: Make a numbered list in order of
citation.

Name-Year System: List references in alphabetical order by the
first author's last name. Use a hanging indent (all lines but the
first indented} to separate individual references.

Both systems: Use accepted punctuation and format.

Assembly place pages in order, staple top feft.
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Start with the Materials and Methods Section

The order in which you write the different sections is not the order in
which they appear in the finished laboratory report. The rationale for this
plan will become obvious as you read on. The Materials and Methods

section requires the least amount of thought, because you are primarily
restating the procedure in your own words.

Tense

When you write the Materials and Methods section, describe the proce-
dure in past, not present, tense because (1) these are completed actions and
(2) you are describing your own work. Do ot copy the format of your labo-
ratory exercise, in which the instructions may be arranged in a numbered
dist and the imperative (command) form of verbs may be used for clarity.

Voice

There are two grammatical voices in writing: active and passive. In active
voice, the subject performs the action. In passive voice, the subject receives
the action. Passive voice is preferred in the Materials and Methods sec-
tion because the subject that receives the action is more important than

‘who performed it. The logic is that anyone with the appropriate training
should be able to perform the action. Consider the following examples:

ACTIVE VOICE: I peeled and homogenized the turnips.

PASSIVE VOICE: The turnips were peeled and homogenized.

The sentence written in active voice is more natural and dynamic, but it
shifts the emphasis from the subject, “the turnips” to “L” Passive voice
places the emphasis on the turnips, where it belongs. Because sentences
written in passive voice tend to be longer and less direct than those writ-

ten in active voice, try o use active voice when the performer (you) is not
the subject of the sentence.

Level of detail

A well-written Materials and Methods section will provide enough detail fo
allow someone with appropriate training to repeat the procedure. For example,
for a molecular biology procedure, include essential details such as the
concenfration and pH of solutions, reaction and incubation times, volume,
temperature, wavelength (set on a spectrophotometer), centrifugation
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speed, dependent and independent variables, and conirol and treatment
mmodmm. On the other hand, do not describe rouline lub procedures such as:

& How to calculate molarity or use C,V, = C,V, to make solutions.
m Taring a balance before use.
w Using a vortex mixer to ensure that solutions are well mixed.

a Describing how to zero (blank) a spectrophotometer before
measuring the absorbance of the samples.

= Explaining what type of serological pipette or micropipettor is
appropriate for a particular volume.

# Designating the type of flasks or beakers fo use.

m Specifying the duration of the entire study (“In our two-week
experiment, ..."). .

For a field experiment, however, time is important. Sﬁﬁﬁ. cbserving or
collecting plants and animals in nature, be sure to include in mp.m ?.Hmﬁmﬁ.
als and Methods section time of day, month, and year as appropriate; mmBm.l
pling frequency; location and dimensions of the study site; mmﬂﬁ.wm size; Mpd
statistical analyses. Depending on the focus of your lab report, it may mm
be prudent to describe the geology, vegetation, ngmﬁm\ natural th.mo&o an
other characteristics of the study site that could Hﬁ&ﬁm.ﬁnm the H.ummswm. .

Here are some guidelines for the level of detail to include in the Materi-
als and Methods section.

Not enough information Inchide all relevant information needed fo
repeat the experiment.

FAULTY: In this lab, we mixed varying amounts of
BSA stock solution with varying amounts
of TBS using a vortex mixer. We used a
spectrophotometer to measure absorbance of
the 4 BSA samples, and then we determined the
concentration of 4 dilutions of egg white {rom
the standard curve.

EXPLANATION: This procedure does not give the reader enough
information to repeat the experiment, because
essential details like whal concenfrations of BSA
were used to construct the standard curve,
what dilutions of egq white were tested, and the
wavelength set on the spectrophotometer have
been left out.

REVISION: Bovine serum albumin (BSA) solutions (2, 3,
5,10 mg/mL) were prepared in tris-buffered
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saline (TBS). The egg white sample was serially
diluted 1/5, 1/15, 1/60, and 1/300 with TBS. The
absorbance of all samples was measured at 550

nm using a Spec 20 spectrophotometer.

The following are examples of too much information.

Do not list materials and methods separately The wording of the
section heading makes it tempting to separate the content into two parts.
In fact, maierials should not be listed separately unless the strain of
bacteria, vector (plasmid), growth media, or chemicals were obtained from
a special or noncommercial source. It will be obvious 1o the reader what
materials are required on reading the methods.

Describe the solutions, not the containers

FAULTY: Eight clean beakers were labeled with the
following concentrations of hydrogen peroxide
and those solutions were created and placed in

the appropriate beaker: 0, 0.1, 0.2, 0.5, 0.8, 1.0, 5.0,
and 10.0.

EXPLANATION: Using clean, suitable containers to store
solutions is common practice in the laboratory.
Putting labels on labware is also a routine
procedure. An essential detail missing from
this sentence is the units.

.- REVISION:  The following hydrogen peroxide solutions were
, prepared: 0, 0.1, 0.2, 04, 0.8, 1.0, 5.0, and 10.0%.

Specify the concentrations, not the procedure for making solutions

FAULTY: To make the dilution, a micropipette was used
to release 45, 90, 135, and 180 1L of bovine
serum albumin (BSA) into four different test
tubes. To complete the dilution, 255, 210, 165,
and 120 plL of TBS was added, respectively.

EXPLANATION: With appropriate instruction, making dilutions
of stock solutions becomes a routine procedure.
In the above example, you should assume that
your readers can make the solution using the
appropriate measuring instruments 4s long as
you specify the final concentration.
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i i f BSA were
REVISION: The following concentrations o
prepared for the Bradford assay: 300, 600, 900,
and 1200 pL/mL.

pp- 89-101). Unpublished laboratory exercises are not usually cited; ask
your instructor to be sure.

Do the Results Section Next

The Results section is a summary of the key findings of your experiment.
This section has two components:

Include only essential procedures and write concisely

FAULTY: The test tubes were carried over to the spectro-

photometer and the wavelength was set to 595 nm
(nanometer). The spectrophotometer was zeroed
using the blank. Each of the remaining 8 m.mn%ymm
in the test tubes were individually placed into

the empty spec tube, which was then placed in
the spectrophotometer where the absorbance was
determined.

EXPLANATION: The only detail important enough to mention is
the wavelength.

REVISION: The absorbance of each sample was measured
with a Spectronic 20 spectrophotometer at 595

nm.

Avoid giving “previews” of your data analysis

FAULTY: A graph was plotted with Absorbance on mﬁ
. y-axis and Protein concentration on the x-axis.
An equation was found to fit the line, then the
unknown protein absorbances that fell on the
graph were plugged into the equation, and a
concentration was found.

EXPLANATION: Making graphs is something that you do when
you analyze your raw data, but it is not part of
the experimental procedure. How mb@.%ﬁ% you
chose to plot the data will become obvious to the
reader in the Results section, where you display
graphs, tables, and other visuals and describe the
noteworthy findings.

REVISION: Delete this entire passage.

m Visuals, such as tables and figures

= A body, or text, in which you describe the results shown in the
visuals

When you work on the Results section, you will complete the following

tasks, which are often done concurrently, not necessarily sequentially:

= Analyze the raw data. Raw data are all the observations and mea-
surements that you recorded in your lab notebook. It is your job as
the author to analyze all these data and process the information
for the reader. Do not simply transfer raw data into yeur lab
report (your instructor may ask you to attach pages from your lab
notebook as an appendix, however). Instead, summarize the data
by eliminating aberrant results (because you realized that you
made a mistake in obtaining these results), averaging replicates,
using statistical methods to see possible trends, and /or selecting
representative pictures (for example, micrographs or gel images).
The goal of data analysis in general is to try to figure out what the
data show. More specifically, you compare the results to the pre-
dictions that were based on the hypotheses you proposed when
designing your experiment. When the results match the predic-
tions, then the hypotheses are supported. Conversely, when the
results are unexpected, further research may be required.

» Organize summarized data in tables or figures. When you

organize summarized data in a table or plot numerical values
on a graph, youmay be able to see trends that were not apparent
before. Lffective visuals are more powerful than words alone and

they provide strong support for your arguments. See the “Prepar-
ing visuals” section on pp. 60-72.

- & Decide in which order to present the tables and figures. The

- sequence should be logical, so that the first visual provides a basis
for the next or so that the reader can easily follow your line of
reasoning,.

m Describe each visual in turn and refer to it in parentheses,
Describe the most important thing you want the reader o notice

i i hrasing a published laboratory
Cite published sources If you are parap gap Duscrine e mootimportant thing o vant th e 0o

exercise, it is necessary to cite the source (see "Documenting Sources” on
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! YRes oLy
Graph Purpose Exampie
Histogram To show the distribution of 2 Distribution of grades on an

exam. Y-axis shows number of
students; x-axis shows
numerical score on the exam.

quantitative variable.

Scatterplot To show the refationship between Relationship between shell
two quantitative variables length and mass. If we are just
measured on the same looking for a pattern, it
individuals. Look for an overall doesn’t matter which variable
pattern and for deviations from is plotied on which axis. If we
that pattern. If the points lie close suspect that mass depends
to a straight line, a linear rendline  on tength, plot mass on the
may be superimposed on the y-axis and length on the
scatter graph. The correlation, f, x-axis. Look at the form,
indicates the strangth of the direction, and strength of the
linear relationship. relationship.

Line graph Ta show the relationship between  Relationship between

two guantiiative variables. One enzyme activity and

variable may be dependent on temperature. Because

the other. The variable that is temperature is the variable
being manipulated is called the that is being manipulated, it is
independent or explanatory plotted on the x-axis. Because
variable. The variable that enzyme activity is the
changes in response to the response being measured, it
independent variable is called the  is plotted on the y-axis.
dependent or response variable.

By convention, the independent

variable is plotted on the x-axis

and the dependent variable is

plotted on the y-axis. Error bars

may be included to show

variability.

the end of the first sentence in which you describe it. See “Writing
the body of the Results section” on pp. 75-80.

Preparing visuals

The most commen visuals in scientific writing are tables and figures. A
table is defined by Webster’s dictionary as “a systematic arrangement of
data usually in rows and columns for ready reference” A figure is any
wisual that is not a table. Thus, line graphs (also called XY graphs), bar
graphs, pie graphs (akso called pie charts), drawings, gel photos, Xeray
images, and microscope images are all called figures in scientific papers.

The type of visual you use depends on the objectives of yous study or
experiment and the nature of the data. Use a table when
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Graph v:-.nuomm.

Example

anmﬁm%moﬂ ._.mo U_.ma_wﬂ the ,,a:_\:p.,.ouﬂ yfora Stanclard curve for a protein
e assion m:«ﬁ: value of x or vice versa. assay. Protein concentrations of
o e response variable must be a standard such as BSA are
Qmmmzamsﬁ on the explanatory plotted on the x-axis
variable m.:a the relationship Absorbance A_jmmm:mmg bya
_ﬂ_ﬂ._ﬂmwmﬂmm__ﬂ%mﬂ The regression spectrophotometer) for each
lineta :,_.mmm .ﬁm oq_B y=mx+ b, no:mm:ﬂ,mzo: is plotted on the
Where eslopeandbis y-axis. A regression line is fitted
y-intercept. to the data. To predict the
protein concentration of a
sample (x), measure its
absorbance (y) and solve the
regression equation for x.

Bar graph To mroé the distribution of a Effect of different treatments on
,n.,w.wwmm%»m_nm_ {non-guantitative) plant height. One axis shows the
X treatment category and the other
. shows the numetical response.
Pie graph To show the distribution of a Composition of insects in a

categorical (non-guantitative)
variable in relation to the
whole. All categories must be
accounted for so that the pie
wedges total 100%.

backyard survey. Each wedge
represents the percentage of an
order of insects. Orders with iow
representation may be
combined into an “Other”
wedge to complete the pie.

m The exact numbers are more important than the trend.

m Statistics such as sample size, standard error, and P-values are
used to support your conclusions.

] Enm._ﬁmgm nmﬁm.moin& variables and other non-quantitative infor-
mation makes it easier to interpret the results.

Use a graph to show relationships between or am i
of m_u.mmr me can be used is opoﬁmmw dictated by the ﬁMﬂMmMMﬂMMmM.mMMWMM%Im
Mﬂmbﬁmﬂqm or nwﬁmmoinmﬁ Categorical variables are groups or categories
hﬁ *..mw have no units of measurement (treatment groups, age groups, habi-
Wm:m nmww..v. Bar mamﬁﬁm and wwm graphs are commonly used to display mmmd.#m
el ‘”Mwﬂ nm\mmmHoHHmH 4mEmEmm. ﬁsmﬁmwmﬁ?m variables, on the other hand,
m .mﬁw,_m,_.. o M.H M <m_¢.mm with units. XK graphs and scatter graphs (also
¢ rplots) display relationships between quantitative variables.
ome opm ﬁ._pm graphs frequently encountered in the field of biclogy are sum-
marized in Table 4.3 and described individually in the moﬁoéwﬁm% section
Do not feel that you have to have visuals in your lab report. If you nmmw

state the results in a senferice, then i i
; Su 1 no visual is needed (see E i
the “Organizing Your Data” section). A emple Lin
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Tables

Tables are used to display large quantities of numbers and other :.&.uﬁ.
mation that would be tedious to read in prose. Arrange the mmﬁmmoﬁmm
vertically, rather than horizontally, as this arrangement 1s easier for t e
reader to follow (see, for example, Table 1in mymu&m ﬁ.b.. List the mmupm. in
a logical order (e.g. sequential, alphabetical, or increasing oH.QmQMMmBHm
value). Use sentence case for the headings. Include the units in each col-

s g i AR T R BILG

Abscisic acid (ABA) and gibberellic acid (GA)

had opposite effects on seed germination
Texi describing (Table 1). The majority of the seeds (92.5%) —— mﬂﬂ ,wo_m
the table erminated in the light, but fewer germinated ember in
immediately g ABA
precedesthe | when they were exposed to 0.05-8 uM . parentheses
table. Skip a On the other hand, only 25% of the seeds germi-
wﬂnmw ﬁmmm Mmﬁa nated in the dark. This percentage increased
when the seeds were exposed to 1040 M GA.
Arabic
number
1space F 2 spaces (no colop or period) Descriptive title.

Table caption F ﬂ

‘..m‘ . .
Mcﬂww_w_mnm. \‘ Table 1 Inieraction between light and
er

Essence of table

can be understood
‘\s.:roﬁ referring

It consists of hormones in the germination of light- to the body of the
Arabic numb sensitive lettuce seeds Results section.
and titie. Sond
Light ABA GA ee
3 1 Q,

First word of h@ﬁﬁm& UM) (uM) germination (%0) |4
column 0 925 ol
heading is : 15 olurn Horizontal
generalty White 0-05 3 headings lines are
capitalized fluorescent 2 include — used
(except for light 8 0 units in sparingly
words such parentheses
as pH and 0 25 where )
cDNA that Dark 10 42 appropriate
begin with a 20 63
lower case 40 37 _
letter) _ _r||_||L N

Categoties (dependent Mo vertical

variables) are arranged lines are

in columns, not rows used

Figure 4.1 Fxcerptfroma Wmm.ﬂ#m section showing a properly formatted table
preceded by the text that describes the data in the table.
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umn heading to save yourself the trouble of writing the units after each
number entry in the table.

By convention, tables in scientific papers do not have vertical lines to sep-
arate the columns, and horizontal lines are used only to separate the table
caption from the column headings, the headings from the data, and the data
from any footnotes. The tables in this book are formatted in this style.

Table captions  Give each table a caption that includes a number and a
title. Center the caption or align it on the left margin above the table. Use
Arabic numbers, and number the tables consecutively in the order they
are discussed in the text. Notice that in this book, the table and figure
numbers are preceded by the chapter number. This system helps orient

the reader in long manuscripts, but is not necessary in short papers like
your laboratory report.

Tabie tities From the table title alone, the reader should be able to under-
stand the essence of the table without having to refer to the body (text) of the
Results section. For simple tables, it may suffice to use a precise noun phrase
H.mﬁmﬁ than a full sentence for the title. For more complex tables, one or more
full sentences may be required. Either way, English grammar rules apply:

® Do not capitalize common nouns (general classes of people, places,
or things) unless they begin the phrase or sentence.

= Capitalize proper nouns (names of specific people, places, or things).

= Do not capitalize words that start with a lower case letter (for
example, pH, mRNA, or ¢cDNA), even if they begin a sentence.

Some examples of faulty and preferred titles are shown below.

FAULTY: Table I The Relationship Between Light
and Hormones in the Germination of Light-
Sensitive Leftuce Seeds

EXPLANATION: Use sentence case. Do not capitalize common
nouns unless they start the sentence.

FAULTY: Table 1 Table of interaction between light and
hormenes in the germination of light-sensitive
lettuce seeds

EXPLANATION: Do not start a title with a description of the visual.
FAULTY: Table1 Seed germination data

EXPLANATION: Do not write vague and undescriptive titles.

REVISION: lable1 Interaction between light and hormones
in the germination of light-sensitive lettuce seeds
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A table is always positioned affer the text in which you refer to it (see Fig-
ure 4.1). Refer to the table number in parentheses at the-end of the first
sentence in which you describe the table contents. That way the reader can
refer to the table as you describe what you consider to be important.

In your laboratory report, it is not necessary to include a table when you
already have a graph that shows the same data. Make either a table or a
graph—not both—to present a given data set.

Tables can be constructed in either Microsoft Word (see “Tables” in
Appendix 1) or Microsoft Excel (see Formatting the Spreadsheet—Tables
in Appendix 2}.

.ﬁmuﬁm.ﬁamﬁmqwﬂbs n_._mnr__mm
O ﬁm;mmo:mm arranged in columns, not rows
O Column _..mm&mmw include units ?&mﬁ mﬁﬁan:mﬂ
[l Format correct mB_:_Bm_ lines)
0 Tabletitle Qmmn:nn....m
T Table title in sentence case
O Table caption ucmﬁ_o:mn_ above the wmwmm

Line graphs (XY graphs) and scatterplots

Line graphs display a relationship between two or more quantitative
variables. To avoid confusion between the terms line graph and Excel’s
line chart, 1 will use XY graph when referring to line graphs. Excel’s line
chart is a special case of XY graph in which the independent variable is a
constant interval sach as time. If the values for the independent variable
are not equally spaced, then Excel’s scatter chart should be used to plot
the data.

Figure 4.2 Different XY graph formats showing relationships between B
variables. (A) A scatterplot displays numerical observations with the purpose
of determining whether there is a relationship between shell mass and shell
length. (B} A scatterplot with a straight line added shows that there is a strong
linear relationship between the two variables. (C) The relationship between
the independent and dependent variables in each treatment group is hard to
see when the points are not connected. (D) The relationship is much easier to
see when the points are connected with straight or smoothed lines. (E) Errox
bars show variability aboui the mean. (F} A least-squares regression line and
its equation are used to predict one variable when the other is known. Linear
regression lines are used only in specific situations when the mathematical
relationship between the two variables is clearly established.
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What we hope to learn from the data in part determines the format of
the XY graph (Figure 4.2). For example, in observational studies, scien-
tists observe individuals and measure variables that they are interested
in. Quite often, the purpose of an observational study is to look for a pat-
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tern in nature. Patterns may be easier to spot when the numerical data are
plotted as a scatterplot, one kind of XY graph in which the individual data
points are not connected (see Higure 42A). By convention, if one of the
variables explains or influences the other, then this so-called explanatory
or independent variable is plotted on the x-axis. The variable that shows
the response, also called the dependent variable, is plotted on the y-axis.
In some observational studies, there may not be a causative relationship
between the two variables, in which case it doesn't matter which variable
is plotted on which axis.

The first step in describing a pattern on a scatterplot is to look at the
form and direction of the data. The form may be linear, curved, clustered,
or random; because many relationiships in nature are linear, exponential,
or logarithmic, keep an eye out for these kinds of forms. The direction
indicates whether the relationship between the variables is positive (large
values for i correspond to large values for x and vice versa) or negative
(large values for y correspond to small values for x and vice versa), or if
there is no change in y with x or vice versa. Once you've described the
form and direction of the scatterplot, try to assess the strength of the rela-
tionship. How closely do the points follow the form? A lot of scatter and
the presence of outliers indicate a weak relationship.

Our eyes are pretty good at recognizing when the data fall on a
straight line, but we need a more objective way 0 assess the strength of
the relationship. One such indicator is called correlation (7), whose rather
complex formula produces values between -1 and 1. Correlation values
near 0 indicate a weak linear relationship, with the strength of the rela-
tjonship increasing as r approaches -1 (when the direction is negative)
or 1 (when the direction is positive). When the data in an observational
study show a strong linear relationship, scientists may superimpose a
straight line on the scatterplot and display 7 as a measure of the strength
of the relationship (see Figure 4.2B).

In observational studies, scientists measure a variable of interest with-
out trying to influence the response. On the other hand, in experiments,
scientists impose a freatment on individuals and then observe how the
treatment affects their responses. The purpose of an experiment, there-
fore, is to determine the effect of one variable {the explanatory or inde-
pendent variable) on another (the response or dependent variable). By
conwention, the independent variable (the one the scientist manipulates) is
plotted on the x-axis and the dependent variable (the one that changes in
response to the independent variable) is plotied on the y-axis.

On a scatterplot, the individual data points are not connected, because
the purpose of the graph is to determine the form, direction, and strength
of the relationship between the variables. In contrast, in an experiment,
scientists want to know how the imposed treatments affect the response.
To make it easier to see this effect, the data poinis are connected by
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.mwnmﬂmrw or smoothed lines. Lines avoid confusion particularly when there
is more than one data set on a graph (compare Figures 4.2C and D). Never
show the :hmm without the experimental data, however. .
Umﬁ.ﬁoﬁ.ﬁm displayed on graphs are typically a summary of the raw
ﬂmwm\ with each point representing the mean value calculated by averag-
ing many replicates. To show variability in the measured values (es m.
QmEm when the data are distributed normally about the mean) mﬁwrmmm
may include error bars on their graphs (see Figure 4.2E). An mX@mﬂmﬂ@ﬂ
oM Mﬂrmﬁ the error bars represent—standard deviations or standard errors
M_ummWMMMM“mTOEE be given in the figure title along with the number of
Finally, standard curves represent a special case of
purpose is to predict one variable when ﬁ%m other is goﬁ.ﬂwww F«MMMMM
points are plotted as a scatterplot, and then a least-squares regression line
eummﬁ..mn line) is fitted to the poinis (see Figure 4.2F). The square of the cor-
relation, 7%, describes how well the regression line fits the data. The closer
Em r*value is to 1, the better the fit. The better the fit, the n_OWmH the pre-
dicted value will be to the true value of the unknown mmimgm. .

_u_mc.nm captions Figures are always numbered and titled beneath the visu-
mw. (Figure 4.3). The captions may be centered or placed flush on the left mar-
gin of B#..w report. Arabic numbers are used, and the figures are numbered
consecutively in the order they are discussed in the text.

Figure titles From the figure title alone, the reader should be able to
understand the essence of the figure without having to refer to the bod
(text) of the Results section. For simple figures, it may suffice fo use a Hmuu
cise noun phrase rather than a full sentence for the title. For more nogw”_mx
figures, one or more full sentences may be required. Either way, mﬂmﬂmr
grammar rules apply: Do not capitalize common nouns (general mHmmmmm of
u..umo.uE@ places, or things) unless they begin the phrase or sentence. Cap-
nmrmm proper nouns (names of specific people, places, or things) U.o Smw
capitalize words that start with a lower case letter (for example, pH .HWZ>
or nUZk.&\ even if they begin a sentence. Some examples of @HJN wbm Hmu
ferred titles for the graph in Figure 4.3 are shown here. F

FAULTY: Figure 1 The Effect of Population Density on
the Development of Male Gametophytes

EXPLANATION: Use sentence case. Do not capitalize comimon
: nouns unless they start the sentence.

FAULTY: Figurel Percentage of male gametophytes vs.

population density
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- ‘
HMMM._%WM P19 The percentage of male gametophytes increased
immediately with population density initially, but above 75
m%ﬂamm w_wm gametophytes/plate, the percentage of males Mmﬁmﬁ 0 %ms
- o, ioure 1). gure number
_._mmm Nﬂwwmmwmm leveled out at about 72% (Figure 1) T e ntheses
a N
L% Q — Show individual
£ 70 data points
2 60
Dependent .W 30 1
! — 4
<MMW teon g 40 «———— Font of axes labels and
Y w 30 numbers is large and legible
= 20
@
3 10 b The x-axis scale
= 0 - . : . has proper
Independent 0 50 100 150 200 250 moo“wﬂﬂwwwﬂwm .
variableon ———— Population density sequentially
x-axis {number of gametophytes/plate) from left to right
1space 2 spaces (no colon or period}
Fi tion v ﬁ . . Descriptive title
.G.WMMMMMLQO Figure 1 Effect of population density that stands alone.
below the on the percentage of male gametophytes Title J:Mﬂm%uq
i O : -axis label versus
figure. It consists in wild type Ceratopteris e bel
of Arabic number .
and fitle.

Figure 4.3 Excerpt from a Results section showing a properly wo.HEmmma figure
- with one line (data set); the text that describes the figure precedes it

EXPLANATION: Do not restate the y-axis label versus the x-axis
label as the figure title.

FAULTY: Figure 1 shows the effect of population density
on the percentage of male gametophytes in
wild type Ceratopteris

EXPLANATION: Separate the figure number and the title.

FAULTY: Figure 1 Line graph of the effect of
population density on the percentage of male
gametophytes in wild type Ceratopteris

EXPLANATION: Do notstart a title with a description of the
visual.
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FAULTY: Figurel Averaged class data for C-fern
experiment

EXPLANATICN: Do not write vague and undescriptive titles.

REVISION: Figure 1 Effect of population density on the

percentage of male gametophytes in wild {ype
Cerafopteris

More than one data set When there is more than one data set (line) on
the figure, you have three options:

... m: Add a brief label (no border, no arrows) next to each line.

- ® Use a different symbol for each line and label the symbols in a leg-
end (as in Figure 4.4). Place the legend without a border within the

axes of the graph. This is the easiest option if you are using Excel
to plot your data.

The concentration of cells in both cultures remained low for
several hours (Figure 2). At about 4 hr, the concentration of
the ABC strain increased rapidly and then leveled off after
about 9 hr. On the other hand, it toek longer for the
concentration of strain XYZ to increase, but at 12 hr, the
concentration was much higher than that of strain ABC.

Chartarcahasno —»

border %
0.8 1

4 0=
Include a legend 0.7 ABC

| —Give each data
when there are 2 or 064 TXVZ

set its own easily

more {ineson one 0.5 - anszmm_c.__/m;ﬂﬂw_m
graph. Legend has Dm 0.4 4 m<:.__uo_.m o
noborderandis & |Im.< o
positioned within 0.3 4 _n_v:mm acktor
the axes. 0.2 - est contrast.
Optical density ©D)1 917 _
has no units, but the 0 .

wavelength may be 0 2 6 8 10 12 o
added as a subscript. Put units in

stands alone

.:Bm_ {hr}

parentheses as

part of the labels

Ciaure title \l_ Figure 2 Growth of two {ictitious strains talicize Latin
- . 1
J of E. ecoli in Luria broth
1

names of

organisms

Figure 4.4 Excerpt from a Resulis section showing a properly formatted figure
with two sets of data. A legend is needed to distinguish the two lines. The text

that describes the figure precedes it.
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s If the first two options ijm the figure look cluttered, identify the
symbols in the figure caption.

|

All three formats are acceptable in scientific papers as long as you use
them consistently. W

Black and white or color mwmﬁmm in your laboratory report should be
prepared according to the m&ﬁmmwmm specified by the Council of Science
Editors (CSE Manual 2014). If this graph will be included in a written
assignment such as a lab report, ithen make all lines, numbers, and symbols
black for best conirast on a white background. If this graph will be used
on a poster or in a PowerPoint %Hmmmbﬁmﬂob\ colored lines make the graph
visually appealing. Black is preferred for written documents becatise, when
they are copied or printed on a black and white printer, there is no ambi-
guity about black on white. Colored lines turn out to be various shades of
gray, which may make it hard for the reader to distinguish the numbers on
the axes and the different data sets.

Although you may wish to wwoﬁ a rough draft of your graphs by hand,
you should learn how to use computer plotting software to make graphs.
Microsoft Excel is a good plotting program for novices (see Appendix 2)
because it is Teadily available ind fairly easy to use. The time you invest
now in leamning to plot data OT the computer will be invaluable in your
upper-level courses and later in your career. .

Bar graphs

A bar graph allows you to compare individual sets of data when one of
the variables is categorical (not quantitative) —this is the main difference
between XY graphs and bar graphs. Bar graphs are more flexible than pie
charts because any number of categories can be compared; the percent-
ages do not have to total 100%. Frror bars may be centered at the top of
each data bar to show variability in the measured data. When the data
bars are black, only half error bars are used.

Consider an experiment in which you want to compare the final height
of the same species of plant treated with four different nutrient solutions.
The nutrient solution is the non-numerical, categorical variable; the height
is the response variable. The data bars are arranged vertically in Figure
45, because the category labels are short.

Tigure 4.6, on the other hand, is an example of a bar graph with hor-
izontal bars. This arrangement is more convenient to accommodate the
long categorical labels that describe the rats’ maternal diet and diet after
weaning. The dependent variable is the time the rats spent searching for
the hidden escape platform in the memory retention portion of the Morris
water maze test.
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Figure 4.5 Final height of corn
: . planis after 4-week treatm ith di
nutrient solutions. This figure is an example of a nngﬂmmHmwzm it cifferent

The bars should be placed sequentially, but if th i i
W&mﬁ Mﬁﬁ put the control treatment bar mmw. leftin noHMMmSHMHMMwmmMM MWMM
mM_.W HHMW hﬁOMHNHoﬁ_an bar mwﬂurm. Order the experimental treatment bars from
: st 0 longest {or vice versa) to facilitate comparison among the dif-

erent conditions. The baseline does not have to be visible, but all the bars

must be aligned as if there were a baseline.

Offspring C, Mother C ./////////////////////%
Offspring C, Mother HF ////////////////////////////////ﬁ
Offspring HF, Mother C %///////////////////////////////

Offspring HF, Mother HF %//////////////////////////////////////////////////ﬁ

0 5 10 ;__m N_o
Time to memory zone (s)

Diet

Figure 4.6 The time male rats friamni
. spent swirnming to the location of a sub
MWMMMHHMM mw.m ww.o_um Mmmﬁ %omﬁoﬂ of the Morris water maze, The mgmuw.mqmﬁ MMW&
etermine the effect of maternal and post-weani g di .
retention in rats. HF = high fat diet, C = control di o kindly provided by
L, C = . Data kind? id
fessor Kathleen Page, Bucknell Universi nis figre e ot o e
; . ersity. This figure is an exa; i
bar graph with long category labels and ﬁmxmg ,U.wﬁm. remple ofhorizontal
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164
141 o Light-grown
124  m Dark-grown
,m‘ 104
£ 84
2
£ 67
4 .
1 I
0- 5 10 15
Days

Figure 4.7 Difference in height of groups of light-grown and dark-grown bean.
seedlings at 5, 10, and 15 days after planding,. This figure is an mxmgw_m.% a n.Em.anmm.
bar graph. Each bar in the cluster must be easily distinguishable from its neighbor.

The bars should always be wider than the spaces between. them. In a
graph with clustered bars, make sure each bar has sufficient contrast so that
it can be distinguished from its neighbor (Figure 4.7). Fmﬁﬁmﬁoa for MHOT
ting bar graphs in Excel 2013 and Excel for Mac 2016 are given in Appendix 2.

Pie graphs

A pie graphis used to show data as a percentage of ﬁpm. total data. For exam-
ple, if you were doing a survey of insects found in your Wmn.wu\ma\.m pie
graph would be effective in showing the percentage of each kind of insect
out of all the insects sampled (Figure 4.8). There should be w.mgmmb two and
eight segments in the pie. Place the largest segment in the Emﬁ.ﬁ&.ﬁ quad-
rant with the segments decreasing in size clockwise. Combine musmz. seg-
ments under the heading “Other.” Position labels and percentages rowﬁod.
tally outside of the segments for easy reference. Instructions moH.ﬁHowqu pie
charts in Excel 2013 and Excel for Mac 2016 are given in Appendix 2.

Preparing a Laboratory Report 73

Other
6% -

Crickets
13%

Beetles

Flies 45%

16%

Ants and bees
20%

Figure4.8 Composition of insects in backyard survey. Pie graphs are used to
show data as a percentage of the total data.

Organizing your data

Reread the laboratory exercise to see if your instructor has provided spe-
cific guidelines on the kinds of visuals to include in the Results section.

If you have to make the decision on your own, ask yourself the following
questions:

u (Can I state the results in one sentence? If so, then no visual is
needed.

@ Are the numbers themselves more important than the trend
shown by the numbers? If so, then use a table.

& Is the trend more important than the numbers themselves? If so,
use a graph.

® Are both variables quantitative? If so, then use an XY graph.

* Is one of the variables categorical (not quantitative)? If so, then
use a bar graph.

@ Are the results descriptive rather than quantitative? If so, use
photos and images.

The following examples demonstrate that there may be more than one

good way to organize the data. Some visuals may be more appropriate
than others, and in some cases, no visual may be the best alternative.
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EXAMPLE 12

POSSIBLE SOLUTION:

EXAMPLE 2%

POSSIBLE SOLUTION:

INAPPROPRIATE:

EXAMPLE 3:

POSSIBLE SOLUTION:

Brassica seeds were placed on filter paper
saturated with pH 1, 2,3, 01 4 buffered
solutions. The positive control was filter
paper saturated with water. After 2 days,
100% of the seeds in the positive control
germinated. No seeds germinated in any of
the buffered solutions.

No visual is needed because the results can

be summarized in one sentence: “After 2
days, 100% of the seeds that imbibed water
germinated, but none of the seeds that were
treated with buffered solutions pH 1, 2,3, or 4
germinated.”

Light-sensitive lettuce seeds placed on filter
paper saturated with water were exposed to
the same fluence of white fluorescent, red,
far-red, green, and blue light treatments as
well as darkness, and the percentage that
germinated was determined 30 hours later.

Since some of the data are categorical
rather than quantitative (colors rather than
wavelengths of light), either a table or a bar
graph (Figure 4.9) works well to display the
results.

An XY graph is not appropriate because both
variables are not quantitative. We only know
the colors of light, not the exact wavelengths.
Text only is not appropriate because listing the
seed germination percentages in a sentence is
tedious to read and hard to comprehend.

The activity of an enzyme (catalase) was
monitored at nine different temperatures in
order to determine the optimal temperature
for maximum activity.

If your emphasis is on the actual numbers

rather than the trend, then display the results in

a table. If the trend is more important than the
numbers, use an XY graph and connect the poinis
with smoothed or straight lines (Figure 4.10).
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(&) HmEm 1 mﬁ.@oﬁ of light treatment on percentage of
light-sensitive lettuce seeds germinated after 30 hr

Light treatment Seed germination (%)
Red 76
White 65
Blue 44
Farred 38
Green 37
. Dark 30
[§23] mO,A
70
< o0 PN :
< M : I
2 ] ERENE
EY . SR
5 30{ JE S
- L]
& 20-
10, SR S
o) e
Dark Red Blue Far-red Green
Light treatment

Figure 1 Effect of light ﬁamm\upmﬁ on i iti
ooty poroeano Hght rcat percentage of Hght-sensitive lettuce

F igure 4.8  Example 2 data summarized in
positive and negative controls are placed to
order to the categories (colors in this examp.
longest to the shortest (or vice versa).

(A) a table and (B) a bar graph

ph. The
the left, and, if there is no particular
le), arrange the bars in order of the

Writing the body of the Results section

Now that your data are displayed visually in graphs or tables, it's time to

on Q.mH. HO Um IMPOT WmH;u e mmw O
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(A)
Table 1 Effect of temperature on catalase activity
Temperature Catalase activity
{°C) (units of product formed - sec™)
4 0.039
15 0.073
23 0.077
30 0.096
37 0.082
50 0.040
60 0.007
70 0
160 0
(B}
4_.c 0.1 .
o
. 0.08 -
ol
= £
B3 0.06 -
e
4]
23 004
g0
S 0.0z
o
n
= 0 T T T % o T Q
= 0 20 40 80 80 100

Temperatura (°C)

Figure | Effect of temperature on catalase activity

Figure 410 Example 3 data summarized in (A) a table and (B) an XY graph.
When data are summarized in a table, the emphasis is placed on the numbers
rather than on the trend. For the same data, an XY graph is more effective than a
table in showing the trend.

Use words that describe relationships that the reader can readily see
in the figure How does the dependent variable change with the
independent variable? Is there a recognizable mathematical relationship
(for example, linear, Jogarithmic, or exponential) or does the trend require
a more detailed description?

TR TR R TR T L T
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For example, Figure 4.4 shows an excerpt from a Results section. In this
experiment, the growth of two fictitious strains of bacteria was monitored
over time. The dependent variable, optical density (OD,), is a measure of
the concentration of cells in the culture. Consider how well each of the fol-
lowing sentences describes the graph.

VAGUE: The concentration of cells increased over time
in both strains of E. coli (Figure 2).

BETTER: The concentration of cells remained low at first _

and then increased over time in both strains of
E. coli (Figure 2).

BETTER YET: In both strains of E. coli, the concentration of
cells was low for the first few hours, increased
rapidly, and then leveled off after about 12 hr
{Figure 2).

How much detail you use to describe the shape of the curve depends on
how you plan to explain the results in the Discussion section. Pointing
out key features in the Results section prepares the reader for what is fo
come in the discussion. The discussion is where you would correlate the

changes in slope of your graph with the lag, log, and stationary phases of
bacterial growth.

When there is more than one data set or category on a figure, make
comparisons

TEDIOUS: In the ABC strain, concentration was low for
the first few hours, increased rapidly after 4
hz, and then leveled off (Figure 2). In the XYZ
strain, concentration was low for the first few
hours, increased, rapidly after 6 hr, and then
leveled off.

BETTER: In both strains of E. col, the concentration
of cells was low for the first few howss,
increased rapidly, and then leveled off (Figure
2). The concentration in the ABC culture
began to increase after 4 hr and reached a
maximum after about 12 hours. In contrast, the
concentration of XYZ cells started o increase
later, but reached a higher level after 12 hours.
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Don't explain or interpret the results

FAULTY: Both strains of E. coli displayed a lag phase,
followed by a log growth phase in which the
cells divided rapidly, and then a stationary
phase in which the growth rate was
counterbalanced by the death rate (Figure 2).

EXPLANATION: The terins lag phase, log growth phase, and
stationary phase are not marked on the graph,
nor cart the reader tell from the graph what the
cells are doing. Save interpretations like this for
the Discussion section. .

Refer to the figure that shows the result you are describing

FAULTY: Inboth strains of E. coli, concentration was low
for the first few hours, increased rapidly, and
then leveled off.

EXPLANATION: Tell the reader where to find the data. Reference
the figure in parentheses at the end of the
sentence.

FIGURE AS SUBJECT: Figure 2 shows that in both strains of E. coli,
concentration was low for the first few hours,
increased rapidly, and then leveled off.

PREFERRED: In both strains of E. coli, concentration was low
for the first few hours, increased rapidly, and
then leveled off (Figure 2).

It is not incorrect to make the figure reference the subject of the sentence.
However, notice how this style places the emphasis on the mmﬂ.nm\ wﬁmﬁmmm
of the results. The preferred style emphasizes the results, which is what
the reader is locking for. . .

When you need more than one sentence to describe the results in a
visual, refer to the figure just once in that paragraph, preferably at the
beginning, That way, your readers will know right away .s;.pmu.ﬂm to look for
the data, and they will assume you are describing the same figure unless
you tell them otherwise.

Some XY graphs are intended to be used as tools, not to show relation-
ships For example, standard curves are specific types of XY mumwuwm that
show absorbance as a function of concentration. Their purpose is not to

Preparing a Laboratory Report 79

show that absorbance is proportional to concentration (Beer’s Law already
establishes that fact), but to allow the concentration of an unknown to be
calculated from its measured absorbance. When writing about standard

£,

curves, don't describe the trend. Instead, describe how the graph was used
to calculate the unknown parameter of interest.

Make every sentence meaningful

FAUETY: Concentration changed over time in both
strains of E. coli (Figure 2).

EXPLANATION: 'This sentence does not say how concentration
changed over time.

FAULTY: The results in Figure 2 show the avéraged data
for the whole class.

EXPLANATION: This sentence does not describe an actual
result. Describe statistical methods in the
Materials and Methods section. Alternatively,
state that these are averaged data, and include
the number of trials in the figure caption.

FAULTY: After the results were obtained, a graph was
made with time on the x-axis and concentration
on the y-axis, as shown in Figure 2.

. EXPLANATION: This sentence states the obvious and should be
) deleted. Describe results, not axis labels.

Eliminate unnecessary introductory phrases. This inciudes phrases
such as

m It was found that. ..
= The results showed that. ..
2 It could be determined that. ..

Get to the point! State the important results in clear, concise terms.

REVISION: Delete the introductory phrase and begin the
sentence with an actual result.

Use past tense Whenever you are referring specifically to your own
results, use past tense. In scientific papers, present tense is reserved for
statements accepted by the scientific community as fact. At this point,
vour results are not yet considered “fact”
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Equations

Equations are technically part of the text and should not be referred ﬁ.u as
figures. Equations are set off from the rest of the text on a separate line.
1f you have several equations and need to refer to them :,Bmagmﬁoc.mu%
in the body of the Results (or another) section, number each equation
sequentially and place the number in parentheses on the right margin.
For example:

Absorbance = -log T (1

in Microsoft Word, to center an equation and :.m:ﬁ.mz@mar.m equation
number, insert a center tab stop and a right fab stop as mras..:- -

U U RTINS P

N T St R e £

When you are asked to show your calculations, use words to describe
your calculation procedure, as in the following example. Listing equations
without guiding the reader through the process is like including figures
without pointing out the important resulits. Make your writing reader-
friendly!

Protein concentration of the unknown sample was determined
using the equation of the biuret standard curve (Figure 1). The
measured absorbance value was substituted for y, and the equa-
tion was solved for x (the protein concentration):

y = 0.0417x
0.225 =0.0417x
S54)=x

Thus, the protein concentration of the sample was 540 mg/mL.

When you present a sequence of calculations like this, align the = symbol
in each line.

Type equations using MS Word’s Equation Editor, accessed by clicking N

Equation on the Insert tab. Type the first equation into the box. Press ..
Enter. Repéat the process for each equation in the group. Toalign the group - -
of equations on the egual sigh; select all of the equations, right-click,and. -~
sefect Rlign-at = This method does not work if each line has a right-aligned - -

equation number. In that case, the equations have to be aligned Hm.zcmc% ;

Preparing a Laboratory Report 81

Make Connections

Now that the “meat” of your report is done, it's time to describe how your
work fits into the existing body of knowledge. These connections aré made
in the Discussion and Introduction sections. Ideally, there will be a one-to-
one correspondence between the objectives stated in the Introduction and
the interpretation and explanation of the results in the Discussion.

Write the discussion

The Discussion section gives you the opportunity to interpret your
results, relate them to published findings, and explain why they are
important. The structure of the discussion is specific to broad, as iltus-
trated by the following triangle.

Interpret
results

Relate results
to published work

Describe the implications of these
results or describe future profects

Aspringboard How do you start a Discussion section? There is no spe-
cific formula, but here are some suggestions.

a8 Summarize your most important result and then explain what it
means. .

= State whether your hypothesis was negated or supported and then
provide the evidence.

= Reference a published journal article and state whether or not
your results supported those findings.

i, initially, you don't know what your results mean, consult your
resources. Does your lab handout give you any clues? Did your instructor
talk about this topic in lecture? Don't forget to check the index of your
textbook. When you think you have an explanation, make sure you use
your own words and cite your sources. No matter how you start, by the
time you finish your discussion, you should have interpreted your results
in the context of your objectives and the work of other scientists.
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When results defy explanation  Especially in introductory biology labs,
the results may not always work out the way we expect. If your results defy
explanation, consider these possible reasons:

m Human error, including failure to follow the wHOan.E,.m\ failure to
use the equipment properly, failure to prepare solutions noﬂmnﬁaﬁ
variability when multiple lab partners measure the same thing,
and simple arithmetic errors. If you suspect that human error neg-
atively affected your results, then say so, but don't waste a ot of
words in doing so.

u Numerical values were entered incorrectly in the computer plotting
program. If possible, correct the errors and repeat the analysis.

» Sample size was too small. If possible, collect more samples.

m Variability was too great to draw any conclusions. Consider rede-
signing your experiment. .
If you can rule out these possibilities, discuss your m.,m.mc#m with your
teaching assistant or instructor. Having a discussion with a Wﬁoﬁwm&mm-
able individual may help you better understand the concepts, even if your
results didn’t turn out the way you expected.

Resuits never prove hypotheses When explaining your results, never use
the word proze. Instead, use words and phrases like provide evidence for, sUppOTt,
indicate, demonstrate, or strongly suggest. The reason for this choice of Soam Lies
in the logic behind the scientific method. If our results match our Huum&n.no.sm\
then there is evidence that our hypotheses are correct. When many scientists
get the same results independently, then the support for a given Eﬂomﬁmwm
grows. Scientists are reluctant to use the word “prove,” because there is always
a chance that a future study may provide conflicting evidence.

FAULTY: These results prove that catalase was denatured
at temperatures above 60 °C.

REVISION: These results strongly suggest that catalase was
denatured at temperatures above 60 °C.

Build your case  Writing a Discussion section is an exexcise in persuasive
writing. You want to convince readers that your conclusions are valid. To
do so requires substantiating statements with experimental evidence and
referencing the work of other researchers.

To llustrate this approach, let’s look at a study on the effect of human
activities on the biodiversity of gastropods in rocky intertidal areas in
southern California (Roy ef al. 2003)". The authors suggested that trampling,

*Roy K, Collins AG, Becker BJ, Begovic E, Engle JM. 2003. Anthropogenic impacts and
historical decline in body size of rocky intertidal gastropods in southern California.
Ecology Letiers 6: 205-211.
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shell collecting, and harvesting of these mollusks for food or bait caused a
decrease in body size over time. To test this hypothesis, the authors exam-
ined museum shell collections dating back to the late 1800s, and they also

Chronology of the Discussion section

Rationale

Authors state that adults collected
prior o 1960 were larger than those
surveyed more recently.

This statement follows up on an obser-
vation made in the Introduction,
that humans tend to harvest or
collect large specimens.

Data are presented in Figure 2:
Museum specimens collecied before
1960 were significantly larger than
those collected between 1961 and
1980 and those surveyed in the field.

Results support the first statement.

Data are presented in Table 1; There
was a decrease in median size and
in the size of the largest individuals.

Results provide additional support for
the first staternent.

Authors propose a counterargument:
Another factor, such as climate
change, could be responsible for the
decrease In size,

This statement shows that the authors
considered other explanations for
the results.

Authors suggest a way Lo test the
counterargument: If the decrease in
body size is due to human activities,
then study sites in which human
activity is prohibited should have
larger sized mollusks.

The authors propose a testable hypoth-
esis to differentiate the effect of
human activities and non-human
activities.

Data are presented in Figure 3: Pro-
tected sites had larger individuals.

Results support the human activities
hypothesis.

Authors compare their findings to
those of other researchers: Similar
results were found for other species
in California (3 papers cited). Simi-
lar results were found for species in
other parts of the world (5 papers
cited). -

Shows that the resulis of the current
study support previous work (an
indication that the results are trust-
worthy). Shows that the authors are
aware of other studies in this field;
they acknowledge the work of the
other researchers.

Authors describe future research:
Investigate all possible reasons why
large gastropods are disappearing
from the southern CA coast; investi-
gate ways to reverse negative
human impact.

The authors recognize that there may
be more than one reason why body
size is declining, Yuture work may
test alternative hypotheges.

83
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surveyed rocky intertidal sites where some of the museum specimens rma
been collected. Some of the survey sites were wuuoﬂmﬁmm Woﬁ human activi-
ties; at those sites, collection of invertebrates was prohibited. .

In summary, this discussion is well organized, .mﬁm the mﬁgow,m.@uoﬁmm
compelling evidence for their conclusions. Potentially controversial state-
ments are supported with experimental Hmmem..OocbﬁmHﬁmﬁEmﬁm were
considered and refuted. References to other published papers enhance the
credibility of this study.

Tense When describing your own results, use past tense. However, when
you use scientific fact to explain your results, use present tense.

PAST TENSE: The irutial velocity of the reaction was zero at
temperatures between 60 °C and 90 °C (Figure 1).

EXPLANATION: Past tense signifies that you are describing your
own results.

PRESENT TENSE: At high temperatures, there is no enzymatic
* activity because the enzymes are denatured.

EXPLANATION: Present tense signifies that these statements
are generally valid and considered to be
scientific fact.

Compare your results with those in the literature Do your results agree
with those in published papers? If so, then your work supports the existing
body of knowledge. If not, could a different method account for a noH.EHT
ing result? If warranted, discuss possible reasons why your results did not
turn out as expected.

Describe future work  You might propose hypotheses and experiments
that build on your results.

Write the introduction

After having written drafts of the Materials and H,\H.m.m._o%.\ Results, and
Discussion sections, you should be intimately familiar éﬂ? mﬁ.my.o_nmu
dure, the results, and what the results mean. Now you are in a position to
put your study or experiment into perspective. What was already H.Azoéﬁ
about the topic? Were there any unanswered questions? Why did you
carry out this work? o .

The structure of the introduction is broad to specific, just the opposite
of that of the discussion.
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Main topic — familiar to the audience

Background info including
question or unresalved
problem

Objectives of
the current
Work

Organization The introduction consists of two main parts:
@ Background information from the Jiterature, and
® Objectives of the current work.

. The opening sentence of the Introduction section is usually a general
observation or result familiar to readers in that discipline. The author
then: quickly narrows down the topic and provides background infor-
mation from the literature. The author then sets the stage for the current
study by stating any unanswered questions or inconsistencies with pre-
vious work. Finally, in the last paragraph of the Introduction section, the
author states the objectives of the current work. Specific hypotheses may
be included if the study lends itself to hypothesis testing.

Startattheend Deciding how much background information to include
is a daunfing task. To make this task slightly less daunting, write your
introduction in reverse order. In other words, start with the objectives
and then gradually fill in the minimm amount of information your reader
would need to understand why you chose those particular objectives.
You may already have directly or indirectly addressed your objectives in
the Discussion. section. In that case, transcribe those sentences into the
Introduction section. Alternatively, get inspiration from looking at the
variables on the figures in the Results section. XY graphs typically show
the effect of the x-axis variable on the y-axis variable. Photographs are used
to show relationships between form and function. Flow diagrams illustrate
processes. Gel images show bands that represent the size and amount of a
pasticular nucleic acid or protein. Maps show distributions. Phylogenetic
trees show evolutionary relationships. By studying the relationships,
patterns, and structures shown in the figures and tables, you should be
able to identify the specific objectives of your study.

Now work backward from your objectives. What concepts would the
reader need to be reminded of for these objectives (or specific hypoth-
eses) to make sense? For example, if you set out to determine how tem-
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perature affects the rate of a particular enzyme-substrate reaction, the
reader would need to know how enzyme and substrate molecules interact
and how temperature affects the motion of molecules. How much detail
should you include about these broad concepts? Less is better. In other
words, provide just enough detail to prepare your readers for what is o
come in the Results and Discussion sections. Include only the details that
are directly relevant to your study. Do not give exhaustive reviews of the
topic, otherwise you risk exhausting your reader! A well written introduc-
fion leaves readers satisfied that they understand why the experiment was
done and what the author hoped to accomplish.

When you provide background information, be sure {0 cite your
sources, especially when the information is not common knowledge (to
determine what is common knowledge, see p. 44 in Chapier 3). Citing
sources not only makes your statements more credible, it allows readers to
find additional information on the fopic of your paper.

Finally, write the opening sentence. This may be the most difficult
part of the introduction to write. To help you do so, focus on your readers.
Who are they and what are they likely to know about this topic? Come up
with several opening sentences and then evaluate each sentence critically
in terms of the level of your audience. Choose an opening sentence that is
neither too simplistic nor too technical.

Tense In the cousse of providing background information on your fopic,
you will discuss scientific fact that is based on findings published in
research papers. When describing scientific fact, use present tense.

FACT: Peroxidase is completely denatured at
temperatures above 80 °C (Duarte-Vazquez
ef al. 2003).

On the other hand, when stating the objectives of your study, use past
tense. Past tense is preferred because proposing objectives is a completed
action that you carried out before starting your actual study.

OBTECTIVES: The purpose of this experiment was to
determine the effect of temperafure on
pexoxidase activity.
Tf the experiment lends itself to hypothesis testing, then state your hypoth-
esis using a mixture of tenses. Notice how tenses are used in the following
examples.

HYPOTHES!S: We hypothesized [past tense] that enzyme
activity will increase [future tense] with
temperature up to a point.
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, _S%O,_,mmman S@ expected [past tense] enzyme activity to
increase [present {ense] with tempe
: ra
| oo perature up to
BEYPOTHESIS:

Enzyme activity is or was [either present or

past tense is appropriate] expected fo increase
with temperature up to a point.

Voice - Acti ice i
Active voice is preferred because it makes sentences shorter and

more direct. But voice can also
: chan i
illustrated by the following examples: B2 the emphash of a sentence, as

A . S
CTIVE VOICE: Human activities are threatening the extinction
of many species.

PA . N
. SSIVE VOICE: The extinction of many species is threatened by

human activities.
I N .
your pomt 1s to emphasize the role of human activities in species extinc-

tions, then acti 1
‘ mﬁ.m\m en’ active voice Bmem the stronger statement. If your focus is on
P extinction, then passive voice may be more appropriate

Effective Advertising

The wh i s .

your mmm%%oﬂw owh. wriling your paper is to comununicate your work to
ol mﬁmﬁﬁm*m. The abstract and the title are the primary tool

potenttal readers will use to decide whether or not the - Y tools

your work. v are infterested in

Write the abstract

Hﬁm&umﬂmnﬁmmmﬂﬁ_ﬁ . .
tains, ary of the entire Paper in 250 words or less. It con-

= An introduction (scope and purpose)

# A short description of the methods
w The results

@ Your conclusions

.HWM,M are Mro mﬁmumﬁﬂwm citations or references to figures in the abstract
. mamh. [# &mwﬂm@ the abstract is the most important part of the mﬂmﬁﬂw
paper used by readers to determine initial interest in the author’s Soaan

}W | . - -
a WMMWnMM“M mMEWXmQ HM databases that catalogue the literature in the bio
- It an abstract suggests that the anthor’ ]
oical . or’s work may be rel-
© your own work, you will probably want to read the EroHW ﬁmn%m
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On the other hand, if an abstract is vague or essenfial information is miss-
ing, you will probably decide that the paper is not worth reading. When
you write the abstract for your own laboratory report, put yourself in the
position of the reader. If you want the reader to be interested in your work,
write an effective abstract.

Writing the abstract is difficult because you have to condense your
entire paper into 250 words or less. One strategy for doing this is to list
the key points of each section, as though you were taking notes on your
own paper. Then write the key points in full sentences. Revise the draft
for clarity and conciseness using strategies such as using active voice,
combining choppy sentences with connecting words, rewording run-on
sentences, and eliminating redundancy. With each revision, look for ways
to shorten the text so that the resulting abstract is a concise and accurate
summary of your work.

The ability to write abstracts is important to a scientist’s career. Should
you someday wish to present your research at an academic society meet-
ing, such as the Society for Neuroscience, the American Association for
the Advancement of Science, or the National Association of Biology Teach-
ers (to name just a few), you will be asked to submit an abstract of your
presentation to the committee in charge of the meeting program. Your
chances of being among the select field of presenters at these meetings are
much better if you have learned to write a clear and intelligent abstract.

Write the title

The title is a short, informative description of the essence of the paper.
You may choose a working title when you begin to write your paper, but
revise the title after subsequent drafts. Remember that readers use the title
to determine initial interest in the papet, so descriptive accuracy is the
most essential element of your title. Brevity is nice if it can be achieved.
Some journals (especially the British ones) are fond of puns and humor in
their titles, but this kind of thing may be better left for later in your career.
Here are some examples of vague and undescriptive titles:

FAUITY: Quantitative Protein Analysis

FAULTY: The Assessment of Protein Content in an
Unknown Sample

FAULTY: Egg White Protein Analysis

EXPLANATION: These titles leave the reader wondering what
method of protein analysis was used and what
sample was analyzed.
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white Eﬁ% the biuret method

. Here is another series of examples in which adding specific details
improves the title: _

. REVISION: Assessment of protein concentration in ege

FAULTY:; Study of an Enzymatic Reaction

- EXPLANATION: Specify the variables you studied. Specify the
S enzyme and the substrate in the reaction.

FAULTY: Initial velocity of enzymatic reactions under
varying conditions

EXPLANATION:  Was more than one enzymatic reaction studied?
What were the specific conditions? If you only
studied one reaction, use the singular.

REVISION:  Effect of substrate and enzyme concentration

and ﬂ%&aoxﬁmgu.bm (@n inhibitor) on the initial
velocity of the peroxidase-hydrogen peroxide
reaction

Here is another example in which the title is made more descriptive by

removing unnecessary words and adding the specific variable that was
manipulated:

FAULTY: Explanation of seed germination in H. vulgare

EXPLANATION: Avoid using “filler phrases” such as
“explanation of,” “analysis of,” and “study of.”
Give the common name and the scientific name
of the organistm for the reader’s benefit. Focus

on the specific aspect of seed germination that
you studied.

REVISION:  Effect of gibberellic acid concentration on starch

remaining in the endosperm of barley (Hordeum
vidgare) seeds

Documenting Sources

Whenever you use another person’s ideas, whether they are published or
not, you must document the source. This is done by citing
abbreviated form in the text (in-text reference) and then giving the full
reference in the References section at the end of the paper {end reference)
An exception to this practice is personal communications, which are n:mm

the source inan
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in the text, but are not listed among the end references. Only sources that
have been cited in the text may be included in the Wmm.mumﬁnmm section.

The CSE Manual (2014) recommends using the Citation-Sequence mﬂmm.
tem (C-5), the Citation-Name System (C-N), or the Name-Year System MZ. HN
for documenting your sources. The system you mn_ﬁmﬂu\ use deper wb a "
your instructor’s preference or on the HnoHuBmﬁ specified by the particula
scientific journal in which you aspire to HUJE.ET. . . .

Tn all three systems, the in-text reference is intended to be Enoﬁmmﬁmpoﬂ -
A superscripted number or a number in parentheses (s mﬁ&&.ﬁ. wmm
tems) or authors” names and year AZ.K.m%mﬁmH.a are minimally .Hmaﬁua <-
to the flow of the sentence. Contrast this style 2:& ﬂwﬁ Hmbm.h.w% introdue
tion practiced in some disciplines in the humanities: b,n.noaﬁﬂm fo <<.mH.bm
and Hickock in their 1989 paper published in Plant Hu@w&o@\ .mﬂwmﬁ&o_m
gen may be related to the gibberellins.” De not use this style in your Ia

1
Hmﬁﬁwﬁﬁﬂ difference between citations in the humanities m.Hﬂ in scien-
tific papers is that direct quotations are almost never used in the HmﬂMH.
Instead, write the information from the modmwnm text in your own words
ite the source (see p. 45 in Chapter 3).
mbﬂ%wﬂmmm& 0 the m:ma. EMESR\ the systems &ﬂmﬁ in the sequence of
information and the listing of the month of @ﬂ@ﬁnﬂnﬂoﬁ. In the N-Y system,
the year of publication follows the authors’ names; in the O.m. mb& O..Z mw..%-
tems, the year follows the journal name. The month of publication is only
in the C-S and C-N systems. o
dmmqmﬁwzgmkmma mu\mwmﬁww has the advantage that people ﬁoHEbm in mmm
field will know the literature and, on seeing the authors’ names, will
understand the in-text reference without having to check the end refer-
ence. With the Citation-Sequence and Citation-Name systems, the reader
must turn to the reference list at the end of the paper to gain the same
information. Regardless of which system you use, learn the proper way to
format both the in-text reference and the end reference and use one sys-
i throughout any given paper.

ﬁmmmmﬁmmﬁwm MM ﬂwﬁ list mmﬁnmm ﬁN\ %ﬁ end reference rmﬁ that you personally
have not seen. If you feel that the original source is important enough to
be cited, use the following approach:

Author (vear) as cited by Author (year)

The Name-Year system

The in-text reference consists of author(s) and year. The author(s) may be
cited in parentheses at the end of the sentence or they may be the subject
of the sentence, as shown in the following examples:

Preparing a Laboratory Report 91

._.>m_.mhh The ::ch_. of m:w:oqw.m.mﬂm_.im.:.m.u :o?.?m,mo:_ﬁm is cited.
_in N-Yosystem . @0 S S S R

Parenthetical Reference
{The comma between authorls]
and year is optional.}

Author’s last name (year) found  (Author’s last name, year)

Number
of Authors Author as Subject
1

that..,

2 First author’s last name and (First author's last name and
second author’s last name second author’s |last name, year)
{year) found that ...

3 ormore First author's [ast name (Firstauthor's last name and
foltowed by “and others” or others, year) or et al. instead of
etal. (year) found that ... and others

Note: If you cite more than one paper published b
them in chronological order: (Dawson 2001, 200
by the same author in the same vear, add a lette
work by Dawson (1999a, 1999b).”

¥ the samne author in different years, list
3). If you cite more than one paper published
v after the year: “...was described in recent

PARENTHESES: (-fern gametophytes respond to antheridiogen

only for a short time after inoculation (Banks
and others 1993).

AS THE SUBJECT: Banks and others (1993) found that C-fern

gametophytes respond to antheridiogen only
for a short time after inoculation.

The number of authors determines how the m-text r

eference is written in
the N-Y system (Table 44). For one author, write the author’s last name

and year. For fwo authors, write both authors’ last names separated by
the word and followed by the year. For three or more authors, write the first
author’s last name, the words and others (or et al.), and then the year.

In the end references, the sources are listed in alphabetical order accord-
ing to the first author’s last name. The format of the source determines
which elements are included (Table 4.5). When there are 10 or fewer
authors, list all authors’ names. When there are more than 10 authors,
list the first 10 and then write et al. or and others after the tenth name. For
each reference, list the authors’ names in the order they appear on the title
page. Write each author’s name in the form Last name First initials. Use

a comunia to separate one author’s name from the next. Use a period only
after the last author’s name.

Examples of in-text references and their corresponding end references

are given in Table 4.6. See The CSE Manual (2014) and Patrias (2007) for
examples of many other kinds of sources.
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1t of two systems of source documentation'u

.2m§m.<mm_, End Reference System
The references are listed in alphabetical order. The last name is ,___Sﬁ%”. M_Hﬂwgmm
followed by the initials. When there are 10 or fewer mcﬁr%wﬂ flista .ﬂwcmﬂ ors nars .
list the first 10 and then wil A
hen there are more than 10 authors, i d tr
_“era after the tenth name. Type references with hanging indent format.
First author’s last name First initials, Subsequent mci._o_,m 3m3mmm e
separated by commas. Year of publication. Article title. Journal t
Volume number{issue number): inclusive pages.

Articiein book  First author’s last name First Sﬁm_m_ww_wccmgc_m:m M_MHMMM _ ”.mmw_m.w »
ication. Ar L In:
separated by commas. Year of publica } .
:m_wzmm mo__ow,\ma by a comma and the qun_.m%oﬂ. Book title,
edition. Place of Publication: Publisher. pp inclusive pages.

Eirst author's or editor’s iast name First initials, mcsmmncmﬁ mcﬁwm_«m
or editors’ names separated by commas. Year of publication. Titie
of book. Place of Publication: Publisher. Total number of pages in

book foliowed by p.

Journal article

Book

3ormore
authors

2 authors

1 author

IN-TEXT REFERENCES

Gametophytes of the tropical fern Ceratopiteris richardii (Cfern) develop
gither as males or hermaphrodites. Their fate is determined by the

. pheromone antheridiogen (Naf 1979; N&f and athers 1975). Banks and

others (1993} found that gametophytes respond to antheridicgen only
for a short time between 3 and 4 days afier inoculation. Although the
structure of antheridiogen is unknown, it is thought to be related to the
gibbereflins (Warne and Hickok 1989). Gibberellins are 2 group of plant
hormones involved in stem elongation, seed germination, flowering,
and fruit development (Treshow 1970).

Citation-Sequence End Reference System

The references are listed in the order they are cited. The author’s Wﬂhm_ﬁw m“_m_
written first, followed by the initials. When there are 10 mlmémq m:do .Q sral
authors’ names. When there are more than 10 authors, list the first 10 an

write et al. or and others after the tenth name.

Journal artidie Number of the citation. First author’s last name First m:_w,w_m.m.ﬁ_m
Subsequent authors’ names separated by commas. >En.m itle.
Journal title Year Month; Volume nummber{issue number}):
inclusive pages. o

Astideinbook  Number of the citation. First author's last name First _:Ew_wam
Subsequent authors’ names separated by commas. Artic e X
In: Editors’ names followed by a comma m:g.ﬂrm word ma_ﬁ;oa.
Book title, edition. Place of Publication: Publisher; Year o
publication. pp inclusive pages.

Number of the citation. First author’s or editor's fast :m_.mm_um:mﬁ
initials, Subsequent authors’ or ma_#n._m\ names mm.vm_‘mwnm Y "
commas. Title of book. Place of ,uc_u_._nm:o:” Publisher; Year o
publication. Total number of pages in book followed by p-

Book

Journal
article

Article in
book

Journal
articie

Book

Journal
article

CORRESPONDING END REFERENCES

Banks J, Webb M, Hickok L. 1993, Programming of sexual phenotype
in the homosporous fern Ceratopteris richardii, Inter. J. Plant S¢i.
154(4): 522-534,

NE&f U. 1979, Antheridiogens and antheridial development. In: Dyer

AF, editor. The Experimental Biology of Ferns. London: Academic
Press. pp. 436-470,

Nat U, Nakanishi K, Endo M. 1975. On the physiology and chemistry of
fern antheridiogens. Bot. Rev. 41(3); 315-355.

Treshow M. 1970. Environment and Plant Response. New York:
MeGraw-Hill. 250 p.

Warne T, Hickok L. 1989. Evidence for a gibbereflin biosynthetic origin
of Ceratopteris antheridiogen. Plant Physiol. 89(2); 535-538.

Citation-Sequence System

Sources are
listed inthe
order they
are cited

IN-TEXT REFERENCES

Gametophytes of the tropical fern Ceratopteris richardii (C-fern) develap
aither as males or hermaphrodites. Their fate is determined by the
pheromone antheridiogen (i, 2). Gametophytes respond to
antheridiogen only for a short time between 3 and 4 days after
inoculation (3). Although the structure of antheridiogen is unknown, it
s thought to be related o the gibberellins (4). Gibberellins are a group
of plant hormones involved in stem elongation, seed germination,
flowering, and fruit development (5).

The Citation-Sequence system

i i ipted endnote (never a fooinote)
-text reference consists of a superscrip on
e quare brackets within or at the end of the

The first reference cited is number 1, the second ref-

or a number in parentheses or s
paraphrased sentence.
erence cited is number 2, and 0 on.

Article in
beook

Journal
articie

“Journal

article

Jeurnal
article ..

Book

CORRESPONDING END REFERENCES

1. N&f U. Antheridiogens and antheridial development. In: Dyer AF,
editor. The Experimental Biology of Ferns. London: Acadernic
Press; 1979. pp. 436-470.

2. N&f U, Nakanishi K, Endo M. On the physiology and chemistry of
fern antheridiogens. Bot. Rev. 1975 Jul-5ep; 41(3): 315-359.

3. Banks J, Webb M, Hickok L. Programming of sexual phenotype in
the homosporous fern Ceratopteris richardii. Inter. J. Plant Sci.
1993 Dec; 154(4): 522-534.

4. Warne T, Hickok L. Evidence for a gibberellin biosynthetic origin of
Ceratopteris antheridiogen. Plant Physicl. 1989 Feb; 89(2): 535-538.

3. Treshow M. Environment and Plant Response. New York: McGraw-

Hill; 1970. 250 p. Pagination is optional. If present, this is the total

number of pages in the book, not the pages
from which information was cited.




94 Chapter 4

SUPERSCRIPTED There are four commonly used .Hbm.nro% .moH
ENDNOTE: determining protein concentration: the gE.wm.n
method?, the Lowry method?, the Coomassie
Blue (CB) dye-binding method®, and the
bicinchoninic acid (BCA) assay*.

PARENTHESES: The Kjeldahl procedure is time-consuming and.
requires a large amount of sample (1, 2).

BRACKETS: Several review articles compare w.rm advantages
and disadvantages of these protein assays [5-10].

In the end references, the sources are listed in H.Egmﬂn.mm omnmu. oﬂ HM
order of citation). The format of the source determines ﬂ&unﬂ e mmﬂmi %ﬂoﬂm\
included (Table 4.5). When there are 10 or fewer .mnm,_on\. rmﬁwm mM ol
names. When there are more than 10 authors, rmﬁ the first \.mE "
write ef al. or and others after the tenth name. Write each author’s ﬁmﬂ%m o
the form Last name First initials. Use a comma {0 mmwmnmﬁm one autho
name from the next. Use a period only mmﬂ, the last mﬁ.&ow. s bMEm.m s

Examples of in-text references and their corresponding en: HM Mmuv es
are eiven in Table 4.6. See The CSE Manual (2014) and Patrias { O
meHW@Hmm of many other kinds of sources.

The Citation-Name system .
In the end references, the sources are listed in alphabetical onmH .mnan%pEm
to the first author’s last name. The year and month of publication o~H %E
the journal name, as in C-S end reference format. .Hrm nmmmamwnmw are mM
numbered sequentially so that the first reference is number 1, mmmmnoﬁ !
reference is number 2, and so on. The in-text S.nmam:nmm consist o mﬁwmwm
scripted endnotes {never footnotes) or a number in parentheses or squ.
brackets within or at the end of the paraphrased sentence.

Unpublished laboratory exercise

Unpublished material is usually not included in the Wmmmnmw.nmm m.wmnﬁoﬁ.
However, if your instructor asks that you cite laboratory exercises In your
laboratory report, the end reference could look like this:

c-~8: # Author (omit if unknown). Title of E& exercise.
Course number, Department, University. Year.

N-Y: Author (if unknown, replace with title of lab
exercise). Year. Title of lab mxmu.ﬁmm. Course
number, Department, University.
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In N-Y format, the in-iext reference for an unpublished lab exercise
would include the author(s) and vear, or, if the author is unknowry, the title
and year. The use of anonymous is not recommended (CSE Manual 207 ).

Personal communication

Unpublished information obtained during a discussion or by attending a
lecture should be acknowledged when you use it in your lab report or sci-
entific paper. The in-text reference includes the authority, the date, and the
words “personal communication” or “unreferenced.” For example:

Most viruses affecting honey bees have genomes composed of
RINA rather than DNA (M. Pizzomao, personal communication,
2016 Sept 22).

It is not necessary to include personal communications in the references.

Internet sources

In the previous section you learned that the in-text reference and end
reference format differs for journal articles, articles in a book, and books.
These differences apply to both print and online publications. For a
journal article, therefore, you should be able to locate on the website the
names of the authors, a title, the journal name, a date of publication, the
volume and issue number, and the extent (number of pages or similar).

Besides this basic information, the CSE Manual (2014) recommends that’
you provide two additional items when your reference comes from the

Internet: the URL (uniform resource locator) and the date accessed. For
your lab reports, it is sufficient to treat references obtained online as

print sources (unless your instructor tells you otherwise). If you would

like to publish your work in a journal that adheres strictly to CSE guide-

lines, however, the following section shows the in-text reference and

end reference format for an online journal article. For a comprehensive

discussion of Internet citation formats along with many examples, see

Patrias (2007).

The problem with sources on the Internet is that they may disappear at
any time or their URL may change. To provide a persistent link to online
articles and books, many publishers include a DOI (digital object identi-
fier) on the first page of the publication (Figure 4.11). The DOI consists of a
tinique string of numbers and letters that, when pasted into a browser,
leads directly to that publication. According to the APA (American Psy-
chological Association) style manual, which is commonly used in the
social sciences, when a DOI is given, the DOI rather than the URL should
be inchuded in the end reference. The goal is to get the reader to the source
quickly and reliably.
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SUPERSCRIPTED There are four commonly used methods for
ENDNOTE: determining protein concentration: the biuret
method!, the Lowry method? the Coomassie
Blue (CB) dye-binding method? and the
bicinchoninic acid (BCA) assay*.

PARENTHESES: The Kjeldahl procedure is time-consuming and
requires a large amount of sample (1, 2).

BRACKETS: Several review articles compare the advantages
and disadvantages of these protein assays [5-10].

In the end references, the sources are listed in numerical order (in the
order of citation). The format of the source determines which elements are
included (Table 4.5). When there are 10 or fewer authors, list all authors’
names. When there are more than 10 authors, list the first 10 and then
write et al. or and others after the tenth name. Write each author’s name in
the form Last name First initials. Use a comma to separate one auihor’s
name from the next. Use a period only after the last author's name.

Examples of in-text references and their corresponding end references
are given in Table 4.6. See The CSE Manual (2014) and Patrias (2007) for
examples of many other kinds of sources.

The Citation-Name system

In the end references, the sources are listed in alphabetical order according
to the first author’s last name. The year and month of publication follow
the _.oﬁpnmu name, as in C-S end reference format. The references are then
numbered sequentially so that the first reference is number 1, the second
reference is number 2, and so on. The in-fext references consist of super-
scripted endnotes {never footnotes) or a number in parentheses or square
brackets within or at the end of the paraphrased sentence.

Unpublished laboratory exercise

Unpublished material is usually not included in the References section.
However, if your instructor asks that you cite laboratory exercises in your
laboratory report, the end reference could look Iike this:

-5t # Author (omit if unknown). Title of lab exercise.
Course number, Depariment, University. Year.

N-Y: Author (if unknown, replace with title of lab
exercise). Year. Title of lab-exercise. Course
number, Department, University.

Preparing a Laboratory Report 95

In N-Y format, the in-fext reference for an unpublished lab exercise
would include the author(s) and yeat, or, if the author is unknown, the title
and year. The use of anonymous is not recommended (CSE Manual 2014).

Personai communication

Unpublished information obtained during a discussion or by attending a
lecture should be acknowledged when you use it in your lab report or sci-
entific paper. The in-text reference includes the authority, the date, and the
words “personal communication” or “unreferenced.” For example:

Most viruses affecting honey bees have genomes composed of
RNA rather than DINA (M. Pizzomo, personal communication,
2016 Sept 22).

It is not necessary to include personal communications in the references.

Internet sources

In the previous section you learned that the in-text reference and end
reference format differs for journal articles, articles in a book, and books.
These differences apply to both print and online publications. For a
journal article, therefore, you should be able to locate on the website the
names of the authors, a title, the journal name, a date of publication, the
volume and issue number, and the extent (frumber of pages or similar).
Besides this basic information, the CSE Manual (2014) recommends that’
you provide two additional items when your reference comes from the
Internet: the URL (uniform resource locator) and the date accessed. For
your lab reports, it is sufficient fo treat references obtained online as
print sources (unless your instructor tells you otherwise). If you would
like to publish your work in a journal that adheres strictly to CSE guide-
lines, however, the following section shows the in-text reference and
end reference format for an online journal article. For a comprehensive
discussion of Internet citation formuats along with many examples, see
Patrias (2007). .

The problem with sources on the Internet is that they may disappear at
any time or their URL may change. To provide a persistent link to online
articles and books, many publishers include a DOI {digital object identi-
fier) on the first page of the publication (Figure 4.11). The DOI consists of a
dnfcfue string of numbers and letters that, when pasted into a browser,
igads directly to that publication. According to the APA (American Psy-
chological Association) style manual, which is commonly used in the

sacial sciences, when a DOI is givery, the DOT rather than the URL should

be included in the end reference. The goal is to get the reader to the source

: mﬁﬂﬁ% and reliably.
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"THE general format for a printed end reference in the Name-Year sys-
tem;'in¢luding punctuation, is:

WBN.E?OH@ Date of publication. Title of article. Title of journal plus
ria, Yolume(issue): Inclusive page numbers

The corresponding format for an online reference, with the Infernet
inférmation shown here in bold, is:
,. ‘_.bﬂgop,@. Date of publication. Title of article. Title of journal.

Emﬂmﬂmummwmn#mm\*mmnnmmmm&h/\ofﬁsm@mm;@“F&Sm?\m page
numbers, URL

Ascreen shot of an online journal article web page is shown in Figure
4.11 and the elements required for citation are labeled. The corresponding

end' reference in Name-Year format with Internet-specific information is
asfollows:

-Wariishi H, Nonaka D, Johjima T, Nakamura N, Naruta Y, Kubo
. ..-8Pukuyama K. 2000. Direct binding of hydroxylamine
. to the heme iron of Arthromyces ramosus peroxidase.
. Substrate analogue that inhibits compound I formation in a

competitive manmner. | Biol Chem. [accessed 2016 Sept 221; 275:
32919-32924. http://www.jbc.org/content/275/42/ 32919]Jong

The general format for a printed reference in the Citation-Sequence
systemn, including punctuation, is: :

Number of the citation. Author(s). Title of article. Title of

?Eﬁ&?ﬂm%mmwmﬁﬁgoﬁﬁga\&gm@mmﬂmwHﬁﬁcmra page
numbers

The corresponding format for an online reference, with the Internet
information shown here in bold, is:

Number of the citation. Author(s). Title of article. Title

of journal. Year and month [date updated; date accessed] ;

Volume(issue): Inclusive page numbers. URL

The end reference for the same online journal article shown in Figure
411'in Citation-Sequence format would be:

Uy midls Wardishi H, Nonaka D, Johjima T, Nakamura N, Naruta Y,
i b 5, Fukuyama K. Direct binding of hydroxylamine to the
heme ron of Arthromyces ramosus peroxidase. Substrate analogue
that inhibits compound I formation in a competifive manner. |
=Biol Chem. 2000 Oct [accessed 2012 Oct 291; 275(42): 3291932924,
hitp:// www.jbc.org/content /275 /42 / 32919.long
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Databases

i i tandard format. Databases
A o .m mﬁowmww Mmhwuwmmwwﬂwﬁw meﬁ.nmﬁ is usually mnnmmmmm by
oy wmxﬁloﬂwwﬁmwox You may cite an entire database m.%oﬁ goal mm mmro
ok 1 Mm ; memH mﬁﬁum of its existence, or you may only cite a part ﬂ EM
o aee HmM ment an individual record. Some databases are availa
e Qomnuwlwog as well as on the Internet. m%mn..ﬁ% the medium, mmh
Ww%.ﬂﬂﬂ%%mwmmmm may contain more recent information than the corre

i - S. ) .
m@nﬁﬁwﬂwwmﬁw%% HMMOW\HEMMHMHMMSWN% in the Name-Year system 1s:
o

j i inning date — ending
i tabase [medium designator]. Mmmﬁnﬁ.’m :
.HEMMMWW Mwwmﬁv.ﬁ Edition. Place of Publication: Publisher. [date
o
updated; date accessed]. URL

te after
To cite a database in the Citation-Sequence sysiem, move the date
the publisher:

itafi Database [Medium
Number of the citation. Title of Data . o
Um&%ﬁo&. Edition. Place of Publication: Publisher. mmﬁh
date — ending date (if given). [date updated; date accessed]-

As an example, the homepage of the BLAST database mm mw_ﬂuwdmmﬁwwu Mmumm
12. The nucleotide blast, protein blast, blastx, and w. as hose
are » &uﬁnEmH websites within the larger mFPm.H website. EMM . %
ﬂmuwmpm within websites, the following rule applies: Always cite the m

s
B

e v T YN TR T

1 s P 2 T 4 AL

e T e T et

T O & ot atnima g Ty

Basic Local Allgnment Search Teol mm stz e BT
TS %m e
AT et g

: mereg s B i AR TR

esugang LIRS & martoat s
pus iy Lerm oy bt
= e AT

i Biotechnology Informa-
i age for the National Center for B I ]
M_Q.M. MMMWMH QMMMMM To search for a specific nucleotide sequence, use mucleo
on N for .
tide blast, one of the databases within the BLAST database
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specific organizational entity that you can identify (Patrias 2007). Data-
base titles do not always follow the rules of English grammar and punc-
tuation. Because they are proper nouns, however, reproduce the title as
closely as possible to the format on the screer (maintain upper or lower
case letters, run-together words, etc). Sometimes the information needed
for the reference may be absent or hard to find. In this example, the begin-
ning to ending dates and the edition of the database are not specified. The
location of the place of publication and the publisher are not given on this
page, but can be found by clicking the Contact link at the bottom of the
page: Do your best to reference the source with the information provided.

A good faith attempt at citing the nucleotide blast database in Name-
Yearformat would be as follows:

i wﬁmmmmﬁ&m blast [database on the Internet]. Bethesda (MD):
. .1 45 National Library of Medicine, National Center for

. --Biotechnology Information. [accessed 2016 Sept 20]. http://
... blastnchinlmnih.gov/ Blast.cgi

In Citafion-Sequence format:

. .., L. nucleotide blast [database on the Internet]. Bethesda

. (MD): U.S. National Library of Medicine, National Center for
Biotechnology Information. [accessed 2016 Sept 20]. hitp://
blast.ncbinlm.nih.gov/ Blast.cgi

The in-text reference for a database in Name-Year format follows the
same principles used for print publications (see Table 4.6} with a minor
modification. The author is replaced with the title of the database and,

when the date of publication is not known {as in the current example), the

order of preference is the copyright date; the date of modification, update,

oH Hmﬁmwoﬂh and the date accessed (CSE Manual 2014). An example of an
in-lext reference in Name-Year format for this database SoEn:umn

There was a 100% match between the DNA sequence of Sample

1 and the V40 sequence in the NCBI databank (nucleotide blast
database [accessed 2016]).

Homepages

A homepage is the main Ppage of a website, which provides links to dif-
ferent content areas of the site. Most of the information required to cite a
website is found on the homepage. Make sure the organization or individ-
ual responsible for the website is reputable and, if possible, confirm infor-
mation on the site using another source. The general format for citing a
homepage in Name-Year format is:
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ication. Edition. Place of
itle of Homepage. Date of publication. !
H&M_Mumnmmow“ Wﬂwmmrmﬁ [date updated; date accessed]. URL

To cite a homepage in Citation-Sequence format, move the date after
the mﬂwmmrmﬁ

Number of the citation. Title of Homepage. m&ﬁmﬁ wam.w Mm
publication: publisher; date of publication [date updated;
accessed}. URL N
An example of a homepage is mﬁoj in Figure 413. All ﬁMM " Mﬁwﬂomwﬁv-
tion required to cite this source is readily HOnmﬁmﬂ. When the ate of pe>-
lication is not specified, the order of preference is the copyrig "

s Staen Tt Foien | ERERG Camentines A

T yeleome

iR ; <3 roughs
s bed g achiming majer Imedics breakifre
tayy aig is being pursued mibe hops of 5 major 158 preakivoud

e ;.ﬁwﬁmw”“”;. mﬁ.ﬂuumwm dogtors, bivethicsts, ard others, the Zm_mamu inﬂjﬁimﬁw el
_ Mﬂmﬁw& ihe potentizl of shem ol technelegles 3nd provited @ forum for &m,u.wl,g”m. 4 w,..n h 2
i F.m”wz.w of amw. paf rite preh, Expiore Hhis Wab ske for piprmation on siem e pases.
__HHQ. at pw&?% le Suitelnas for Horman Babreoni Stom (rf Fesgoreh, warent
mmzﬁﬁ. related actidties, and rotated taporte

Guidelines for Human Embryonic Stem Celt
Research

e ; . o e
= b ankancs the iiegrey of human embryonic siem Cll TeSeAI BY
T d he i -y

encu aging responsbie practiess in the nﬂﬁ“& eﬁ inat ﬂm.mqumwmwmm
National Acasemies has issued B Sucioes ..‘._.:ﬁwama 1 wwr I
Tem o8 Keserroh. Fastreleassd T065, the Suldeines vers
amerdad in FB07, 2008, ard 201C

~ Events Relsted to this Aclivey
- Gubmut Comawnts on the Guidelines
. Sipr Upfor E.mal Updales

Resurt g 210 .
Arpzagrents to Nevansi temn Celi Basics

Lnchs

What is 3 slerm cob7 What 216 the ethizel sencerns hyolied in m».mr‘. ced

ﬂ.wmm.awnh.u.om* tiee Basive oA stem oslis by mpiaring Lengrsisnoing S
i T -

Ceiz an aducational resorres From the Nalional Acadesinias.

nzai.ﬁwwmﬂ\ )

Figure 4.13 The National Academies” website for information on stem cells.

Well-constructed homepages make it easy fo find the title, date, responsible orga-

nization, and place of publication.
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date of modification, update, or revision; and the date accessed {CSE Man-
ual 2014). In this example, the copyright date, preceded by a lower case ¢ is
used in the end reference. The end reference in Name-Year format:

Stem Cells at the National Academies. c2016. Washington DC:
National Academy of Sciences; [accessed 2016 Sept 20].
http://nas-sites.org /stemcells/

. The end reference in Citation-Sequence format:

. 1.Stem Cells at the National Academies. Washington DC:
- National Academy of Sciences; c2016 [accessed 2016 Sept 20].
~ http:/ /nas-sites.org/stemcells,/

The in-text reference for a homepage in Name-Year format follows the
same principles used for print publications (see Table 4.6} with a minor
modification. The author is replaced with the title of the homepage. For
the year, the order of preference is the date of publication; the copyright

date; the date of modification, update, or revision; and the date accessed
(CSE Manual 2014).

Emaiis and discussion lists

Emn.wwommn mail (email) and discussion lists {LISTSERVSs, news groups, bul-
letin boards, etc) are usually considered to be a form of personal commu-
nication (see pp. 94-95). Information obtained through personal commu-
nication is cited in the in-text reference, but not in the end reference list.
The in-text reference should include the name of the authority, the date,

and the words “personal communication” or “unreferenced” to indicate
that the citation is not listed in the References section.

Go to the COMPANION WEBSITE = sites.sinauer.com/knisely5e
for samples, template files, and tutorial videos
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Revision

Revision-—reading your paper and making corrections and Improve-
ments—is an important task that usually does not get nearly the atten-
tion it deserves. Too many students write the first draft of their labora-
tory report the night before it is due and hand in the hard copy, still warm
from the printer, without even having proofread it

The truth is, most writers cannot produce a clear, concise, and error-
iree product on the first iry. It may take several revisions before the writer
is satisfied that he or she has conveyed, with clarity and logic, the moti-
vation for writing the paper, the important findings, and the conclusions.
Do not try to write and revise your entire paper in one marathon session.
Instead, break up the writing process into multiple, shorter segments.
The breaks give your mind time to Pprocess what you've written. Starting
to write early also allows you to get help if necessary, get feedback from
your peer reviewer, and make final revisions.

Most excellent writers were not born that way. They achieved excel-
lence through “deliberate practice” (Martin 2011). The old adage “practice
makes perfect” applies not just to musicians and athletes, but to You as an
aspiring author in the biological sciences. So if writing doesn't come nat-
urally to you, take heart. Writing laboratory reports becomes easier with
practice, especially if you learn from your mistakes.

mmﬂiu‘mmm% to Revise

Take a break

The first step in revision is not to do it immediately after you have com-
| distance yourself from the paper io gain
the objectivity needed to read the paper critically. So take a break, and g0
for a run ot get a good night’s sleep.
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Slow down and concentrate

Find a quiet room where you won't be disturbed. Don't read your %&umw
the same way you wrote it. Instead, change its mﬁmmmumﬂ%_w mcumﬁ WMMM
i d document to a -
i e zoom level or converting the Wor .
Hm“m&oﬁ Systems 1999; Corbett 2011). Even Wm#mhmmmm. w wﬂwﬁmm no%%
to force yourself to slow down.

Next, use some of your other senses : ow §

‘ i i f hearing, Pointing to eac

le, reading aloud involves the sense o ) \

MWMMMW&% your Mbmmu adds the sense of touch. If moBm.m:ﬁm doesn't wﬂﬁﬂm
right, trust your instincts. Figure out what is Uogmﬂ.ﬁpm you and . M
ﬁwﬁmummogm passage. Finally, don't try to fix every kind of error in on
pass. If you do, you're sure to miss some.

Think of your audience

The rest of this chapter describes a systematic m@@womnr ﬁmm M"imﬂmm HN,\MMHH
iti ter, or an oral presentation. -
writing, whether for a lab report, a poster, or an. -
ber mo”.u whom you are writing and Wmmm in min d the Hmm%m Mﬂ& WMM.PH<MH.
tions of your audience. Revise your writing with the goa of meeling
exceeding their expectations in a style that eases comprehension.

Editing | .
Revision can be divided into two stages: editing and wHonHmw%Mm. m%“w
ing is done first and involves reading for content and n.ﬁmmww_pmw o?Fmﬁm
mawmbm process proceeds from the W%Wm& to ﬁmmwwmn%wp. iM.,W mHmMmmn ate
the overall structure of your paper. Then, rea ¢ o *..rmm
h, sentence, and word critically. And Qoﬁﬁ.mop.mmw to nrm. :
M..M Mm%ﬂﬂmmwm plotted. correctly and that the description of each Smc% TMM
the fext is accurate, After editing is completed, .ﬁwocm_..mm& the HumMmN.mHmb
involves correcting errors in spelling, ﬁﬁﬂnwﬁmﬂop grammar, mﬂﬁrw e
format. This chapter provides specific mE&man M@H each mﬁmﬂm the rovt
sion process. The “Laboratory Repert Exrors section on H%.w — e
trates common errors to look out for when you revise your lab report.

Evaluate the overall structure

If your instructor provided a rubric for your Hmv report, use it m,w a mwwn%mﬁ
for content and organization. You may also .s.dmﬁ wno ?ﬁ# out t \.m. . M i mmu%
Lab Report Checklist” on pp. 136-140 @wﬂ mArﬁn&m_ﬁ@.m:m:mnnoam z:_.mmnw wou._
If you are preparing a paper for submission to a journal or conference,

HOSHN\MMMMWNMMM:MMNMWHMQQWMMMM% .mbwo standard sections: .nEmw mﬁﬁbwﬁm\
name{s), abstract, Introduction, Materials & Methods, W.mmﬁ.@ UHmnGmm.mMM
and references (known as IMRD format). Readers ﬁ scientific papers
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Comntent

Contains keywords that describea the essence of the study.

t_uz_mx;u_._ﬁmmm:_om. “Analysis of the...,” or “Study of the...” are not
used.

Abstract Contains an introduction,

a brief descripiion of the methods, results,
and conclusions.

Introduction  The structure Is broad to specific: The main topic is introduced on
A a general level. The question or unresolved problem is stated, The
objectives of the current study are presented in the last paragraph.

Background information is provided by citing published sources,

Materials and Contains all of the relevant detail

5 to enable another trained
Methods scientist to repeat the procedure

Routine procedures are not described.

Results Contains text and visuals, The descriptive text precedes each visyal
and includes a reference to the figure or table numbper.

The text describes the resylts
notexplained or interprated.

Visuals include graphs, tables, photos, gelimages, and so on, which
contain the numerical or descriptive data. Each visual has fts own
caption that begins with Figure (or Table) and a number followed by
a title that can he understood apart from the text,

Discussion The structure s specific to broad: The results are explained and

interpreted, The results are compared to those in other studies,
usually published journal articles. If warranted, there may be a
discussion of why the results in the currant study are important or
how these results contribute to our understanding of the topic.

shown in each visual, The resulis are

References The full reference is given for each source cited in the text.
References that have not been cited are not listed.
this format because the

bo_gmﬂawa at least twice

Uomﬂm_..a.nw.mmw your calculations and spreadsheet data entries. A mistake
at this stage will have a negative domino effect, resulting in inaccurate fig-
ures or tables and a faulty discussion and interpretation of the resnlts.

e
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Organize each section

The phrases you underlined when you checked for content should pro-
vide a rough outline of each section. Do the most important topics stand
out? Does the order of the topics make sense chronologically or sequen-
Hally? Is the order what your audience expects (for example, are the top-
ics arranged from broad to specific in the Introduction section and spe-
cific to broad in the Discussion section)? Rearrange paragraphs so that the

important topics can be identified easily, in an order that makes sense.

Make coherent paragraphs

Each paragraph should focus on only one topic Make the topic
sentence the first sentence in the paragraph. Follow the topic sentence
with supporting sentences that directly relate to the main idea.

Arrange the sentences in a logical order Different strategies can be
used depending on the section of the scientific paper. For example, in the
Materials and Methods section, it makes sense 1o describe the procedure
sequentially (in the order the steps were carried out).

EXAMPLE: Barley seeds were surface sterilized with 10%
bleach. Then they were cut in half, keeping the
endosperm portion and discarding the embryo
portion. Each half was placed cut side down on
three pieces of sterile filter paper that had been
soaked in 3.5 mL of HEPES-EGTA-Ca* buffer
or a certain concentration of hormone solution.

Chronological sentence order might be used in the Introduction section to
describe the sequernce of events leading up to our current state of knowl-
edge about a topic.

EXAMPLE: Germination begins when a seed imbibes
water. Barly studies on barley seeds showed
that the hormone gibberellic acid (GA) is
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General-to-specific is
= another way to : ,
In this approach, the paragra Y 10 arrange senfences in the introduction.

h i : .
ported by details or mxmﬁﬁwm% starts with a general idea that is then sup-

EXAMPLE: Germination @..w%bm when a seed imbibes
waler. Water triggers the release of gibberellic
Mﬂ& (GA) from the embryo. The hormone

iffuses through the endosperm and binds
LRH. receptors on the plasma membrane of the
a mww_..oﬂm nm:m.. Through a signal transduction
Pathway that is not fully understood, digestive
€nzymes are activated and released into
the ms%o%mﬁ:. One of those enzymes is
o-amylase, which metabolizes st into i
o , Sugar subunits. "ot into it
¢ .
mmmw MMWAMMMH Wmﬁg mﬁmn%n.wq.%mmmw& is the order expected in the Dis
s e ,ww:.m.m Hwnm?oﬂﬁm Mﬂ the following example, the paragraph _ummm,ﬂ

h 4 brie apitulation of a specific result

m.memE_ the result based on our cuzrent cb&mamwmﬂwaﬁu%mmmwmmwwbﬁmgmm

EXAMPLE: Embryoless half-seeds exposed to higher
concentrations of gibberellic acid had a lower
bercentage of starch remaining after one week
(Figure 2). Gibberellic acid is known to induc
the production of c-amylase, an enzyme m#.nm
E&Ho_uﬁmm starch {(Lovegrove and Hooley
2000). During germination, gibberellic acid
produced by the embryo, binds to Hmnﬂuwonm
in w.rm aleurone layer and activates o-amylase

Miwnr then degrades the starch in the \
naosperm inlo ghico, i i
energy for the mﬁmg.%%mm MWMMW provides the

involved in this process (Paleg 1960; Yomo
1960). Varner (1964) demonstrated that the
enzymes that digest starch into sugars are
produced in the aleurone layer. For the past 5
decades, it was suspected that GA binds to a
receptor on the surface of the aleurone cells,
but how the protein subunits in the receptor
function in signal transduction was discovered
only recently (Ueguchi-Tanaka et al. 2005).

FAULTY: Catalase is an enzyme that breaks down
hydrogen peroxide in both plant and animal
cells. Low or high temperature can lower th
rate at which the catalase can react with the ;
hydrogen peroxide. Tn optimal conditions, the
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- ; EXAMPLE: As the eNnzyme concentration increased, the
ions at a rate that will preven initial velocity increased asvell iolre

meﬂmmwwmw buildup of the toxin. If the rere o s orvere g awm :

temperature is too low, the rate will be too slow,

but high temperatures lead fo the denaturation
of the enzyme.

e ragracius

i i i i h? The sentences do not seem

is the writer going with this paragrap . et

ﬁwww\ﬁmnm&m gmum is no guidance from the writer on TOM oWMmmmM.w ‘ Mnr
WM related to the next. To improve flow, use signal words and p

L . tiom to,

as however, thus, although, in contrast, similarly, on ﬁw &WQ Mnﬂm@ MH., MMNNWH o
; . S ay also be ke ‘

thermore. Signal words and phrases m Wi e
w%mﬂm& ww.og oﬂmm.wﬂmﬁmsnm to the next. Notice how the addition of trans

tions guides the reader step by step through this passage.

REVISION: Catalaseis an enzyme that breaks m%éﬂ.gm;
hydrogen peroxide in both plant and ani
cells. One of the factors that affects ﬂ.pm rate
of this reaction is temperature. At optimal .
ternperatires, the rate is mdwwnﬁ.wﬁ to preven
substaniial buildup of the toxic hydrogen

peroxide. If the temperature is too low, however,
the rate will be too slow, and hydrogen
peroxide accumulates in the cell. On the other
hand, high temperatures may denature the

enzyme.:

Write meaningful sentences

mu
mm.ﬂ.._n_. mmH_.me_.ﬁm m..—npog“_.nu_. mmw monﬂm;—ﬂH—m _u_mma:m“— ﬂ;. m.H_.Q. 1N« w—“ re mm—n Q<__mm
Vas mmwﬂﬁ _u m%ﬂHm ﬁmm.r DHH—. re n—._._H-.hm.meu.nu v. ” UH_.m“_.”_.mH ﬁ\ C 1010 (] H

EXAMPLES

mam‘mwmﬂin% egraph T ¢ Tthere
below a pI of 4 or above 10. Maximum catalase
activity occurred at pH 7.

EXPLANATION: The first thuee sentences do not convey
anything substantive about the wmmaﬁm. Only
the last two sentences contain meaningful

information.

EXPLANATION: The last three sentences say the same thing as
the first sentence. The only substantive piece of
mformation missing frotn the first sentence is
that the trend was linear. Eliminate repetition
and describe the restdts in as fow words as
possible.

To edit redundant sentences, take the best paris of those sentences and
combine them into one concise sentence. Put yourself in your reader’s

shoes: Would you rather Wwaste precious minutes wading through verbiage
or get needed information with minimal effort?

r

your references, including secondary sources such as your textbook.
Furthermore, make sure that your description of the resulis shown in
each visual is accurate, In particular, pay attention to words like increase
and decrease. Check that you did not mix up the results when you describe
multiple data sets plotted on one graph.

other hand, long, needlessly complex sentences obscure the main idea
and slow comprehension. Aim for a mixture of short and long sentences

in your writing. Use more words to explain a complex idea, but keep each
sentence focused on just one idea.

Here are some examples of needlessly complex sentences.
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FAULTY 1:

REVISION:

FAULTY 23

REVISION:

FAULTY 3:

REVISION:

FAULTY 4:

REVISION:

FAULTY 5:

REVISION:

. I N
Emphasize the subject Putting the msg.mnﬁ at the .@mmugﬂ,m mw 5%_”
sentence makes the subject stand out. Position the verb close by

There are two protein assays that are often used
in research laboratories.

Two protein assays are often used in Hmmmmumr
laboratories. (Avoid unnecessary words an
phrases that “pad” a sentence.)

It is inferesting to note that some enzymes are
o
stable at temperatures above 60 °C.

Some enzymes are stable at temperatures above
60 °C. (Avoid unnecessary introductory phrases.)

The analyses were done on the Hmno.BEﬂmb.ﬁ DNA
to determine which piece of foreign DNA was
inserted into the vector.

i lyzed to
The recombinant DINA was analy
determine which piece of foreign DNA was
inserted into the vector. (Make DNA, not the
analyses, the subject of the sentence.)

We make the recommendation that micropipettors
be used to measure volumes less than 1 mi.

We recommend that micropipettors be used to

measure volumes less than 1 mL. @w&&mnm sluggish
noun phrases [mominalizations] with verb phrases.)

These assays alone cannot tell what the protein
concentration of a substance is.

These assays alone cannot determine the
protein concentration of a mﬁwmﬁmhnm. memmmwm
colloquial expressions with precise alternatives.)

there is no doubt about the subject’s action.

i j tion.
Active and passive voice In active voice, the subject ﬁmw\aﬂﬁm meEMn% or
In passive voice, the subject receives the action. Consider the fo] 24

example:

PASSIVE:

The clam was opened by the sea star.
(Emphasis on clam)

oy

Revision 111

ACTIVE: The sea star opened the clam. (Emphasis on
seq star)

Although the meaning is the same in both sentences, notice the differ-
ence in emphasis. In active voice, the emphasis is on

- the action takes place in the direction the reader reads
voice is recommended by
foliowing:

the performer, and
the sentence. Active
most style guides for reasons that include the

m It sounds more natural and is easier for the reader to process.
& It is shorfer and more dynamic.

® There is no ambiguity about who/what the
is, or about who did the action.

Consider the following example:

subject of the sentence

PASSIVE: It was concluded from this observation that...

ACTIVE: Iconcluded from this observation that...

Passive voice leaves the reader wonderin
voice conveys this information clearly.
While active voice is generally preferred, passive voice may be more
appropriate when what is being done is more important than who is doing
#.mow,meEH&m”

g who drew the conclusion; active

PASSIVE: Catalase was extracted from a turnip.

(Emphasis on catalase)

ACTIVE: lextracted catalase from a turnip. (Eophasis on I)

Notice the difference in emphasis. Is it really important to the success of
the procedure that you did it, or does the emphasis belong on the catalase?

A paper that contains a mixture of active and Ppassive voice is pleasant
to read. Your decision to use active or passive voice in a senterice should
ultimately be determined by clarity and brevity. In other words, use active
voice to emphasize the subject and the fact that the subject is performing

the action. Use passive voice when the action is more important than who
is doing it.

Present or past tense In scientific

papers, present tense is used mainly
in the following situations:

w To make generally accepted statements (for example,
thesis is the process whereby green plants produce s
® When referring directly

- example, “Figure 1isa s

“Photosyri-
ugars”).

to a table or figure in your paper (for
chematic diagram of the apparatus”).
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a When stating the findings of published authors (for example, “Cat-
alase HPI from E. coli is highly resistant {o denaturation [Switala

and others 1999]").
Past tense is used mainly in the following situations: .

m To report your own work, especially in the abstract, Materials and
Methods, and Resulis sections, because it remains to be seen if the
scientific community accepts your work as fact (for example, “At
temperatures above 37 °C, catalase activity decreased (Figure .

s To cite another author’s findings directly (for example, “Miller and
others (1998) found that...”).

Choose your words carefully

Words are the basic organizational unjt of language- The words you
choose and how you arrange them in a senience will determine how well
you convey your message fo your readers. Beware of the following word-
jevel problems:

Keep related words together Consider the following sentence taken
from an English-language newspaper in Japan: “A committee was formed
to examine brain death in the Prime Minister’s office” Although brain
death in the Prime Minister’s office may be a political reality, what was
really intended was, “A committee was formed in the Prime Minister’s
office to examine brain death.”

Redundancy Redundancy means using two or more words that mean
the same thing. This problem is easily corrected by eliminating one of the
redundant words (Table 5.2). Along with empty phrases, redundancy is a
source of wordiness, using too many words to convey an idea.

Some people think that using more words makes them sound-import-
ant. In science, however, wordiness should be avoided at all costs, because
it indicates that the writer can’t communicate clearly. For student writers
whose papers are evaluated by instructors, lack of clarity translates into a

Redundant Revised

(tis absolutely essential... it is essential...
rmutual cooperation cooperation

basic fundamental concept basic concept or fundamental concept

totally unique unigue
The solution was obtained and The solution was transferred...

transferred...
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low grade. R

on wmﬁ o %MMMWanHm.mM& faculty members, whose reputation depend

1ot to write Qmm._&w WMMMSMW o mwmﬁ ﬁ.ﬂ_umnmmoﬂ@ mwﬁn&\ cannot WMMHM
shoddy scientific methods. POOrly written papers may be equated with

Empty phrases _

53). .wzw Jourselé Mmﬁ%ﬂﬂ%ﬂwwmwfm%mm with a concise alternative (Table
ot S o1 s shoes. Which i
ntences (inspired by VanAlstyne 2005) would you WMWWMM Hmmww%_bm fwo

FA T Ttis
UTTY: It is mﬁmof\nmd\ essential that you use a
minirn i
i um number of words in view of the fact
1at your reader has numerous other tasks to
complete at the present time.
REVISION:

Wi .
rite concisely, because your reader is busy.

Initially it is difficult to write i
O W
‘that characterizes scientif rite in (and read) the

a i . .
mount of information from a minj mupo:b%mﬂw mwﬁ,mnw a4 maximum
Hum ext.

Ambiguous use of this, that, and which  Amb

that, or which could refer to more than one subject iguity results when fhis,

FAULTY: The data show that the longer the enzyme
mem mMVMuOme to the sali sotution, the HNSmH

o yme acttvity in the assay. This means

e salt changes the conformation of the

mwa.Bm\SE%Bmem#H i i
enyme, €55 reactive with the

EXPLA H j
NATION:  The subject of this and which is unclear

REVISION:
MMM Mwﬂmmw Jm enzyme was exposed fo the salt
; the lower the enzyme activity i
Vity in t
Mmm%. Exposure to the salt solution et
: e conformation of the enzyme, re
OWer enzyme-substrate activity.

may change
mﬂHﬂHﬁm in

Ambiguous use ow
pronouns (him, her, i :
,ﬂ esults when a pronoun could refer to gow e She, its) Ambiguity

ossible antecedents,
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Concise

ecrease
a downward trend ad X
much higher
a great deal of J
most
a majority of
because

accounted for the fact that

50, therefore

as a result

as a result of hecause

as soon as when

atwhich time when

atall times always

ata much greater rate than faster

at the present time, at this time now, currently
based on the fact that because
brief in duration short, quick
by means of by

concluded

came to the cenclusion

despite the fact that, in spite of the fact that  although, though

due to the fact that, in view of the faci that  because

for this reason

in fact

S0

omit this phrase

EAULTY:

EXPLANATION:

REVISION:

With time, salt changes the noﬁmngmmo.b of the
enzyme, which makes it less reactive with the
substrate.

It could refer to salt or enzyme. To Q.:Bpuﬂmwm the
ambiguity, replace if with the appropriate noun
phrase.

With timne, salt changes the conformation of the
enzyme, so that the enzyme can no longer react
with its substrate.

Word usage When you use the right words in the Mwmww MMH%%MW
readers have confidence in your work. Use a stan maw ictionary
whenever you are not sure about word usage. Consult your te

BLE 33 lconinued)
Empty
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Concise

functions to, setves to
degree of

fn-amanner similar to

in the amount of
in the vicinity of

is dependent upon
is situated in

iLis interesting to note that, it is worth
pointing out that

s itis recommended

on account of

omit this phrase

higher, more

like

of

near, around

depends on

isin

omit these kinds of unnecessary
introductions

l{we) recommend

because, due to

prior to before
provided that if
referred to as called

5o asto to
through the use of by, with
with regard to on, about
with the exception of except
with the result that 50 that

Independence Day.

laboratory exercise for proper spelling and usage of technical terms, The
following word pairs are frequently confused in students’ lab reports.

absorbance, m_umon_umﬁ&o observance Absorbance is how
much light a solution absorbs; absorbance is measured with
a spectrophotometer, According o Bee
proportional to concentration. Absorben
a diaper or paper towel can hold. Br
. greater absorbency than Brand B paper f
- of ébserving. Government offices are cl

7's law, absorbance is

¢y is how much moisture
nd A paper towels show
owels. Observance is the act
osed today in observance of

.mmmmnﬁ effect Affect is a verb that means “to influence.” Temperature
affects enzyme activity. Affect is rarely used as a noun in biclogy,
althotigh it has a specific meaning in psychology. Effect can be



16

Chapter 5

used either as a noun or a verb. When used as anoun, effect means
wresult.” We studied the effect of temperatire on enzyme activity. When
used as a verb, effect means “to cause.” High temperature effected a
change in enzyme conformation, which destroyed enzyme activity.

alga, algae See @H:Hmpm.

amount, number Use amount when the quantity cannot be
courtted. The reaction rate depends on the amount of enzyme in the
solution. Use number if you can count individual pieces. The
reaction rate depends on the number of enzyme molecules n the

solution.
analysis, analyses See plurals.
bacterium, bacteria See plurals.

bind, bond Bind is a verb meaning “to fink.” The active site is

the region of an enzyme where a substrate binds. Bond is a noun that
rofers to the chemical linkage between atoms. Profeins consist of
amino acids joined by peptide bonds. Bond used as a verb means “to
stick together.” This 5-minute epoxy glue can be used to bond hard

plastic.

complementary, complimentary Complemertary means
“something needed to complete” or “matching.” The DNA double
helix consists of complementary base pairs: A always pairs with T, and
G with C. Complimentary means “given free as a courtesy.” The
brochures at the visitor’s center are complimentary.

confirmation, conformation Confirmation means “yerification.”
I received confirmation from the postal service that my package had
arrived. Conformation is the three-dimensional structure of a
macromolecule. Noncovalent bonds help mainiain protein’s stable

conformation.

continual, continuous Continual means “going on repeatedly
and frequently over a period of time.” The continual chatter of

a group of inconsiderate students during the lecture annoyed me.
Confinious means “going on without interruption. over a period
of time.” The bacteria were grown. in L-broth continuously for 48 hr.

create, prepare, produce Create is to cause to come into existence.
The artist used wood and plastic to create this sculpture. Prepare means

Revision

\\_ m m%\aﬂm m : umm mm m 3 > 2017 m‘wu NWO _w
. Wnu .‘ HLT ‘ 7 MM:.E e _Hv e 0Or “_:mn.n—ﬂl.mmﬁ_mgm. H:.N

reaction between hydrogen 1
o yarogen peroxide and catalase produces water and

datum, data See plurals.

“WMMWMW mwﬂml.ﬁm U&@.éﬁ is an adjective that means “not
wa@im Ao M _Hmmuﬁﬁ.w modifies a noun. Different concentrations of
e ST %ﬂm urmin were prepared. Differing is the intransitive
er,” a verb that means “to "itisi
° . nat m vary.” It is in
, W%W\Wmmﬁwwn MMMMQ.@WN@Q with differing in the wﬂmnmmw;mwwmmm“wm
‘ g implies that a sing] i \
b . . : gle concentration ch,
mw.mMWEW. Mﬂ tme or circumstance. This situation is Fmbmmwm
. wdm:bwwoﬁﬁw wi w%ﬁﬁ.m serum alburmin, which is quite mﬁmmHmMEm
Ty conditions! An acceptable use of differing is shown w.m” '

“the followin ;
. § example: Bovine serum albumi 1 ifferi
mﬁ.m_@ protein content, were prepared, i solutors, g i

.mmmnﬂ affect See affect, effect.

MMMMMMM wawm Mwm me\mw when the quantity can be counted. The
gl mxwm ﬁw%mﬁ becaise there were fewer collisions between
b e and 1 ate §mhmn:_.m.mm‘ Use less when the quantity cann
be. - Lhe weight of this sample was less than T expected >

formula, formulas, formulae See plurals.

hypothesis, hypotheses See plurals.

Cits. i i i
,iU's Its is a possessive pronoun meaning “belonging to it.”
o it

The B 1
radford assay is preferred because of its greater sensitivity. It's is

a contrach “itis.”
ction of “itis.” The Bradford assay is preferred because it's

more sensitize. (Note: Con i
e tractions should not be used in formal

less, fewer See fewer, less.
lose, 1 i
»loose Lose means to misplace or fail to maintain somethin
g.

Anen ] 1
zyme may lose its effectiveness af high temperatures. Logse

mea (8] m S\MNN..E QQ h:wnu_ N_NH.UN_ m.ywﬁhmﬁuﬂwm THAKE sure the Nm or
ns "n _n _U. _ ﬂ. [22
- .Nﬂ N& &
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iti i eans
lowered, raised Both of these are fransitive <mnwvm\ ﬂ”ﬂﬂ “Hmﬁ K
that they require a direct object (a noun to act oﬂ&. gt
fish's body temperature lowered in response to the co d
The cold water lowered the fish's body temperature.

media, medium See plurals.
observance See absorbance, absorbency, observance.
phenomenon, phenomena See plurals.
i rds used in
lural and singular forms of some words .
w.r%&m MWM mﬂdmﬁ in Table 5.4. A common Emﬁmw,w sﬂw Emmﬁm MM%H s
wm_H MMWM%&M the subject and verb agree. Some disciplines

gul i ict i etation
data as singular, but scientists subscribe to the strict Eﬁmﬂﬁuu

i -
that data is plural. The data show... (not shows) is correct.

prepare See create, prepare, produce.

produce See create, prepare, produce.

raised, lowered See lowered, raised.

ratio, ration Ratio is a proportion or quotient. The ratio of protein

in the final dilution was 1:5. Ration is a fixed portion, often referring
to food. The Red Cross distributed rations to the refugees.

Singular and plural of words freguently encounter

Plural
Singular
| algae
alga
X lysis analyses
ana .
y i bacteria
bacterium
criteria
criterion -
ata
datum (rarely used)
1 formulas, formulae
formula
hypothesis hypotheses
" indexes, indices
index .
media
medium
henomena
phenomenan p
ratios
ratio
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strain, strand A strain is a line of individuals of a certain species,
usually distinguished by some special characteristic. The lacl-
strain of E. coli produces a nonfunctional repressor protein, A strand is

a ropelike length of something. The strands of DNA are held together
with hydrogen bonds.

than, then Than is an expression used to compare two
things. Collisions between molecules occur more frequently at high
temperatures than at low temperatures. Then means “next in time."”
First 1. mL of protein sample was added to the fest tube. Then 4 mL of
biuret reagent was added,

that, which Use that with restrictive clauses. A restrictive
clause limits the reference to a certain group. Use which with
nonrestrictive clauses. A nonrestrictive clause does not limit the
reference, but rather provides additional information. Commas
are used to set off nonrestriciive clauses but not restrictive
clauses. Consider the following examples:

EXAMPLE 1:  The Bradford assay, which is one method for

measuring protein concentration, requires
only a small amount of sample. (Which begins
a phrase that provides additional information,

but is not essential to make a complete
sentence)

EXAMPLE 2 Enzyme activity decreased significantly, which
suggests that the enzyme was denatured at
350 °C. (Which refers to the entire phrase Enzyme

activity decreased significantly, not to any specific
element.) .

EXAMPLE 3: ‘The samples that had high absorbance readings

were diluted. (That refers specifically to the
samples.)

various, varying Various is an adjective that means “different.”
Various hypotheses were proposed to explain the obserpations.
Varying is a verb that means “changing.” Varying the substrate
concentration while keeping the enzyme concentration constant allows
you to determine the effect of substrate concentration O enzyme
aclivity. Analogous to different, differing, replacing the word
various with verying in the preceding example changes the

meaning of the sentence. Varying implies that a single hypothesis
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changes depending on time or circumstance. Various implies that
different hypotheses were proposed.

Jargon and scientific terminology Jargon refers to words and
abbreviations used by specialists. Whenever you use terms that may
be unfamiliar to your audience, define them. Always write out the full
expression when first using an abbreviation. Scientific words that you
learned in class are not jargon and should be used in your writing. When
you use scientific terminology correctly, your readers have confidence in
your knowledge.

Clichés and slang Clichés are tired, worn out expressions that have no
place in an exciting field like biology. Slang should not be used, because
colloquial language is not appropriate in formal, written assignments like
lab reports.

Gender-neutral language Years ago, it was customary, for the sake of
simplicity, to use masculine pronouns to refer to antecedents that could be
masculine or feminine, but that use of language is no longer accepted.

SEXIST: The clarity with which a biclogy student writes
his lab reports affects his grade.
This practice is no longer considered to be politically correct. One solu-
tion that preserves equality, but makes sentences unnecessarily complex,
is 10 include both masculine and feminine pronouns, as in the following
example.

EQUAL BUT The clarity with which a biclogy student writes
AWKWARD:  his or her lab reports affects his or her grade.

Two better alternatives are to make the antecedent plural (revision 1) or to
rewrite the sentence to avoid the gender issue altogether (revision 2).

REVISION 1: The clarity with which biology students write
their lab reports affects their grade.

REVISION 2:  Writing clearly has a positive effect on a biclogy
student’s grade. (Change the subject from
biology student to writing clearly.)

Construct memorable visuals

Visuals often make the difference in how well you convey your message
to your readers or listeners. Make sure you use the appropriate visual
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for the data (see pp. 6075 in Chapter 4). Make sure every visual serves a

WM“MMMM\ Mm%mﬁ%ﬁa un H.M“mmmmg. visuals only dilute the significance of your
- Lheex that the visuals are positio i i
that each visual is described in the wmxw e in the vight order and

Proofreading: The Home Stretch

o L .
: MMMMHMMHJW is the Mmﬁ stage of revision. Like editing, it requires intense
Slow, careful reading to find errors i \ i
: in format, spelli -
ation, and grammar. Grammar refers to the rules that Al with (he forn

. deal with ¢
and structure of words and their arrangement in sentences, mmmﬁ%%ﬂ“

and Sommers (2016}, Bullock et al (
; , - (2014), or Lungsf
a more comprehensive freatment of the Mzg.m%.bm 77 (015, 2015, 2016 for

Make subjects and verbs agree

We learn early on in our formal education to make the verh agree with the

wMMHnW Most omHMm Wﬂoﬁ that the sample was. ., but that the samples were
errors wiih subject-verh acre
bebeon the et mﬁu greement occur when there are words

d the verb, as in the following example.

EXAMPLE: The kineti 7
o OO:MNNMMMMM\U .opn molecules 7s (not are) lower

EXAMPLE: The chance of collisions betwe
substrate molecules increases
those conditions.

en enzyme and
{not increase) under

EXAMPLE: The enzyme hasa range of temperatures that is

(not are) optimal for activity.

EXAM : ' i i
FLE: Anenzyme's amino acid sequence and its three-

dimensional sfructure make (mot makes) the
enzyme—substrate relationship unique.

Compound subjects joined by and are almost always plural.

L ITT O“_ mu e —Ve W =

: njunction with uni ity i i
cingulr oot ot ] units, the guantity is considered to be



122 Chapter 5

f furnips was
: To extract the enzyme, 12 g 0
FXAMPLE: M%oﬁ TWETE) wogommﬁﬁwm with 150 mL of cold,

distilled water.

Write in complete senterices
ists of a subje
omplete senience consis
W%.T m@mmon&bmﬁm word or éoH&m.mﬁnw as &WN
but, if, so that, that, though, unless, until, when, where,
mbmﬁmmm clause must complete the sentence.

ct and a verb. If the sentence starts
although, because, before,
who, or which, however,

i destroy the three-
1: High temperatures
e &Mgmwoﬂﬂ structure of enzymes. Thus
changing the effectiveness of the enzymes.
(The second “gentence” is a fragment.)

REVISION: High temperatures destroy the ?«mmtwwnwwﬁmwos&
. structure of enzymes, thus changing m& e
effectiveness. (Combine ¢..5 fragment wi o
previous sentence, changing punctuation

needed.)

for the biuret assay was

R E MMM% Mﬁﬂm”ﬂmw%www M..pm protein concentration

of the serial dilutions of mg.m egg white. in

Although only those dilutions whose pro e

concentrations fell aﬁmaﬁ the mmﬁm#mﬁﬂmw ) Fex

of the assay were multiplied by the dilu "

factor to give the original noﬁnmwﬂmﬁow o e

egg white. (The second “sentence” is a irag .

the biuret assay was

: The standard curve for . .

KEVISION used to determine the protein noﬂnmbﬁmﬂow Omm
the serial dilutions of the egg white. Only thos

dilutions whose protein concentrations fell within

the sensitivity range of the assay were M&m@ﬁm&
by the dilution factor to m?m. the origin "
concentration of the egg white. (Delete the

subordinate word[s] to make a complete sentence.)

Revise run-on sentences

ist of

Run-on sentences consis :

out proper punctuation. Each indepen ent
complete sentence. Run-on sentences a

i ioimed with-

or more independent clauses jO
B dent clause could stand alone as a
omimon in first drafts, where

Revision

your main objective is to
media, if you use a computer,
use one of the following strategies to revise run-on sentences:

s Insert a comma and a coordinating conjunction (and, but, or, nor,
- for, so, or yet).

= Use a semicolon or possibly a colon.
m Make two separate sentences.

@ Rewrite the sentence.

FAULTY 1: The class data for the Bradford method were
scattered, those for the biuret method were closer.

REVISION A: The class data for the Bradford method were

scattered, but those for the biuret method were
closer. (Use a coordinating conjunction.)

REVISION B: The class data for the Bradford method were

scattered; those for the biuret method were
closer. (Use a semicolon.)

FAULTY 2:  The readings from the spectrophotometer
should show a correlation between protein
concentration and absorbance, this is Beer's law,
which relates absorbance to the path length of
light along with molar concentration of a solute
and the molar coefficient. (Fused sentence.)

REVISION At The readings from the spectrophotometer
_ should show a correlation between protein
concentration and absorbance; this is Beer’s law,
which relates absorbance to the path length of
light along with molar concentration of a solute
and the molar coefficient. (Use a semicolon to
separate the two clauses.)

REVISION B: The readings from the spectrophotometer
should show a correlation between protein
concentration and absorbance. This relationship
is described by Beer’s law, which relates
absorbance o the path length of light along with
molar concentration of a solute and the molar
coefficient. (Make two separate sentences.)

get your ideas down on paper (or electronic
). When you revise your first draft, however,
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FAULTY 3: An increase in enzyme concentration increased
the reaction rate as did an increase in substrate
concentration, so the concentrations of the
molecules have an influence on how the
enzyme reacts.

REVISION A: As enzyme concentration and substrate
concentraton increased, so did the reaction
rate. (Rewrite the sentence. The second half of
the original sentence was deleted because it
says nothing meaningful)

REVISION B: Enzyme and substrate concentration influence
enzyme reaction rate: an increase in enzyme Or
substrate concentration increased reaction rate.
{Use a colon.)

Spelling
Spell checkers in word processing programs are 50 easy 10 use that there
is really no excuse for not using them. Just remember that spell checkers
may not know scientific terminology, so consult your textbook or labora-
tory manual for correct spelling. In some cases, the spell checker may even
try to get you to change a properly used scientific word to an inappro-
priate word that happens to be in ifs database (for example, absorbance to
absorbency).

The following poem is an example of how indiscriminate use of the
spell checker can produce garbage:

Wrest a Spell

Eye halve a spelling chequer
It came with my pea sea
It plainly marques four my revue
Miss steaks eye kin knot sea.

Eye strike a key and type a word
And weight four i two say
Weather eye am wrong oar write
Tt shows me strait a weigh.

As soon as a mist ache is maid
Tt nose bee fore two long
And eye can put the error rite
Its rare lea ever wrong,.

Revision 12

Eye have run this poem threw it
T'am shore your pleased two no
Its letter perfect awl the weigh
My chequer tolled me sew.

—- Sauce unknown

Spell checkers will also not catch mistakes
you really meant from. Print out
copy carefulily.

of usage, for example form i
your docuument and proofread the harc

Punctuation

Mﬁm purpose of punctuation marks is to divide sentences and parts of sen
Hm.ﬁan to %%m the meaning clear. A few of the most common punctuatior
arks and their uses are described in this section. For a more comprehen

sive, but still concise, treatment of punctuati
. on, se ]
(2016) or Lunsford (2013, 2015, 85.@ @ Hacker and Sommer:

M.M%mnoz,,gm. The comma Emmﬁm a pause In the sentence in order tc
id confusion. Note the ambiguity in the following sentence:

While the sample was incubating the stud
solutions for the experiment. & ents prepared the

A comma should be used in the following situations:

1. MM connect two Hﬂﬂﬂwmb&mﬁw clauses that are joined by and, but, or,
. for, so, or yet. An independent clause contains a subjectand a
verb, and can stand alone as a sentence,

mgwbm“mmmxﬂmmﬁoﬁmcgmmﬁ ﬁoBm.@ﬁ&oﬁennmﬁmmmﬁ
9pm. ~
2. After an introductor

y clause, to separate the cla .
body of the sentence P use from the main

EXAMPLE: Although she spent many hours writing her
lab report, she earned a low grade because she

2
forgot to ahswer the questions in the laboratory
exercise.

A comma is not needed if the clause is short.

EXAMPLE: mﬂﬂ&mﬁp&wﬁ\rm power went out.
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3. Between items in a series, including the Jast two.

: tvity is affected by factors such as
EXAMPLE: Enzyme activily 1s & .
substrate noﬁnmﬁQNﬂos\nﬁm\wme@mngmw, and Mm:
. A o
4. Between coordinate adjectives (if the adjectives can be connec
with gnd).

" origi tks
LE: The students’ original, TEOHosm rema
e made my class today particularly enjoyable.
{Original and humorous remarks malkes sense.)

A comma is not needed if the adjectives are cumulative (if the
adjectives cannot be connected with and).

EXAMP like football
- MWMMWMW Muﬁ %Mwmawmﬂﬂhowﬂnmﬂmm to say three and
tall students) .
5. With which, but not that (see Word usage; that, which, p. 119)
6. To set off conjunctive adverbs such as wamﬁdmﬁ wwﬁmﬂwﬂmm Hmmwwema
consequently, instead, likewise, nevertheless, similarly, subseq Y,
accordingly, and finally.

EXAMPLE: Instructors expect students to hand in their
work on fime; however, illness and personal
emergencies are mnnmw.mem excuses.

7. To set off transitional expressions such as for Qamﬁﬁ% M HME& it
. conclusion, m other words, on the contrary, and on the other hand.

EXAMPLE: Chuck participates in many extracurricular
activities in college. As a result, he rarely gets
enough sleep.

8. To set off parenthetical expressions. Humumbg.mﬁnmu mxwummm%dm are
. statements that provide additional information; however, they
interrupt the flow of the sentence.

EXAMPLE: Fluency in a foreign language, as we all know,
requires years of instruction and practice.

A comma should not be used in the following situations.
1. After that, when that is used in an introductory clause

EXAMPLE: The student could not believe that/he lost
points on his laboratory report because of a few
spelling mistakes.

Revision 127

2. Between cumulative adjectives,
not make sense if separated by
preceding list)

which are adjectives that would
the word and (see Item 4 in

The semicolon The semicol
clauses not joined by a coord
yet). Each independent clause
stand alone as a sentence, but
between the clauses than if th

on inserts a stop between two independent
inating conjunction (nd, but, o7, NOT, for, so, or
{one that contains a subject and a verb) could
the semicolon indicates a closer relationship
€y were written as separate sentences.

EXAMPLE:  Outstanding student-athletes use thejr time
wisely; this {rait makes them highly sought
after By employers.

A semicolon is also used io separate items in a series in which the items
are already separated by commas.

EXAMPLE; Participating in sports has many advantages.

First, you are doing something good for your
rmme../ second, you enjoy the camaraderie of
people'with a common interest; third, vou learn

discipline, which helps you méke effective use
of your time.

The colon

The colon is used to call attention to the words that follow it.
Some conve

ntional uses of a colon are shown in the following examples.
Dear Sir or Madam:

530 p

2 (ralio)

In references, to separate the Pplace of publication and the publisher,

asin
Sunder]and (MA): Sinauer Associates, Inc.

A colon is often used to set off a list, as in the following example.
EXAMPLE:  Catalase activity has been found in the

following vegetables: furnips, leeks, parsnips,

onions, zucchini, carrots, and broccoli.

A colon should not be used when the fi

st follows the words are, congist of,
such as, including, or for example.

EXAMPLE: OmﬁmHmmwhnmﬁ.J\ has been found in vegetables
such as/turnips, leeks, Pparsnips, onions,
zucchini, carrots, and broccoli.
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The period The period is used to end all sentences except questions and
exclamations. It is also used in American English for some abbreviations,
for example, Mr., Ms., Dr., Ph.D,ie,and eg

Parentheses Parentheses are used mainly in two situations in scientific
writing: to enclose supplemental material and to enclose references to
visuals or sources. Use parentheses sparingly because they interrupt the

flow of the sentence.

EXAMPLE: IHuman error {failure to make the solutions
correctly, arithinetic errors, and failure to zero
the spectrophotometer} was the main reason for
the unexpected resulté”

REFERENCE There was no catalase activity above 70 °C
TO VISUAL: (Figure 1).
Al FaN

CITATION~

SEQUENCE ’
SYSTEM: C-fern spores do not germinate in the dark %@x

NAME-YEAR C-fern spores do not germinate in the dark
SYSTEM: \Afﬂoowmu and others Homd/.

The dash The dash is used to set off material that requires special
emphasis. To make a dash on the computer, type two hyphens without a
space before, after, or in between. In some word processing programs, the
two hyphens are automatically converted to a solid dash.

Similar to commas and parentheses, a pair of dashes may be used to set

off supplemental material.

EXAMPLE: Human error—failure to make the solutions
correctly, arithmetic errors, and failure to
zero the spectrophotometer—was the main
reason for the unexpected results. (If the word
processing program has been set up to convert
the two hyphens to a solid dash, the sentence
looks like this: Human error—failure to make...
spectrophotometer—was the main reason.. J

Similar to a colon, a single dash calls attention to the information that fol-
lows if.
EXAMPLE: Catalase activity has been found in many
vegetables—turnips, leeks, parsnips, onions,
zucchini, carrots, and broccoli.

lows:
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If an abrupt or dramatic mterrup

.. tion is i
ing is more formal or the interr desired, use a dash. If the writ-

uption should be less conspicuous, use one

E : i
XAMPLE: The instruments that she plays-.cboe, guitar,

and piano—are not traditionall i
marching _\uxmbm. Ty usedinthe

Abbreviations

viations’ i
viatior E%MMH WM.M H.WHAM mﬁmo:bﬁmw in introductory biology courses are
o ﬁcbnwzm&ob. me < note of spacing, case (capital or lowercase letters)
g chuation s - Bxcept where noted, the symbols are the same pno~
ulax WBHU al terms ﬁm.m. example, 30 min not 30 mins). '
Y known abbreviations such as DNA and ATT do not have to be

defined. But abbreviatio
K s
the first time they are s M_Qm own only to specialists should be defined

EXAMPLE: Q,ﬁmﬂm Anfmﬁmwma regularly interspaced short
palindromic repeats) technology makes it

possible to edit segments of DNA .
and predictable fashion. in a precise

Numbers

Numbers are used for
less than 10 were
als. The modern s
(2014) aims for a

el Mﬁmzﬁm&% neasurements. In the past, mumbers

elled out, and larger numbers i .

pelled were writlen as i -

pel umer

e tific number style recommended in the CSE Manual
€ consistent usage of numbers. The rules are as fol-

L Usen 7
ﬂmmgmwwmmw to mwm.uammm.m.ﬂ% quantity. This form increases their
lentitic writing, and emphasizes their importance

® Cardinal num

o bers, for example, 3 observations, 5 gsamples, 2

m In confunciion with a unit, fo
1 hr. Pay attention to spacin
(see Table 5.5).

® Mathematical relationsh
magnification, 10-fold

T mxmgﬂm\ 5¢, 05mm,37 °C, 50%
g, capitalization, and punctuation '

ips, for example, 1:5 dilution, 1000x
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BLES.5 “Standard abbreviations in scientific writin

Symbol or

Term Abbreviation Exampie
Latin words and phrases [The Latin word may be replaced
[The CSE Manual (2014) with the English equivalent given in
recommends that Latin brackets.] i}
words be replaced with
English equivalents.]

circa (approximately) ca. The lake is ca. [approx.] 300 m deep.

et alii (and others) etal. Jones et al. [and others] (1999) found

that ...
et cetera {and so forth} etc, pH, alkalinity, etc. [and other

exempli gratia (for example} eq.

id est (that is) ie.
nota bene (take notice) NB
LENGTH
nanometer (107° meter) nm
micron (10-° meter) pm
millimeter (10% meter} mm
centimeter {102 meter) cm
meter m
MASS
nanogram (10~ gram) ng
microgram {10~ gram) Mg
milligram (10 gram) mg
gram g
kilogram (10° gram) kg

characteristics] were measured.

Water quality characteristics (e.g.,
[for example,} pH, alkalinity) were
measured.

The enzyme was denatured at high
temperatures, i.e., the enzyme activity
was zero. [Because the enzyme was
denatured at high temperatures, the
enzyme activity was zero.]

NB [Important!]: Never add water to
acid when making a solution.

Note: There is a space between the
number and the abbreviation. There is
no period after the abbreviation.

450 nm, 10 um, 2.5 cm

Note: There is a space between the
number and the abbreviation. There is
no period after the abbreviation.

450 ng, 100 pg, 2.5 g, 10 kg

Term

TABLES.S. (continied) -
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Symbol or
Abbreviation Example

VOLUME
microliter (10-* |iter)
milliliter (1073 Jiter)
liter

cubic centimeter (ca. 1 mL)

‘TIME
seconds
minutes
hours
days .
CONCENTRATION
molar {U.5. use)
molar (St units)
barts per thousand

OTHER

tegree(s) Celsiys
~degree(s) Fahrenhait

diameter
figure, figures
foot-candle

maximum
minimum

mole

percent

spedies (sing.)

species (plur)

Wl or pl Note: There is a space between the

ml or mL :c3_om.q and the abbreviation. There is
no period after the abbreviation

lorL .

3

cm 450 ul or 450 uL, 0.45 mi or 0.45 mL,
2torz L .

sorsec Note: There is a space between the

min ::BUm.ﬂ and the abbreviation. There is
no period after the abibreviation,

horhr
d 60 s or 60 sec, 60 min, 24 h or 24 br,1d
M TBS contains 0.07 M Tri
. Tris-HCl, pH 7.4 an
mol L= 0.15 M Nacl. ? ‘
ppt Brine shrimp can be raised in 35 ppt
seawater.
°C 15°Cithereisa
space between n
and symbaol) umber
F 59 °F (there is a space between number
and symbol)
diam. pipe diam. was 10 cm
Fig,, Figs. As shown by Fig. 1, ...
foor fi-c 500 fc or 500 ft-¢
max The max enzyme activity was found at
36 °C,
min The min temperature of hatchi
en H?:m,s\mm
mol
% 25% (there is no space between
number and symbol)
sp. Tetrahymena sp.

SPp. Tetrahymenaq spp.
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2. Spell out numbers in the following cases:

= When the number begins a sentence, for example, “Twelve g of
turnips was (not were) homogenized.” rather than “12 g of turnips
was homogenized.” Alternatively, restructure the sentence so that
the number does not begin the sentence. Notice that when num-
bers are used in conjunction with units, the quantity is consid-
ered to be singular, not plural.

@ When there are two adjacent numbers, retain the numeral that
goes with the unit, and spell out the other one. An example of
this is The solution was divided into four 250-mL flasks.

m When the number is used in a nonquantitative sense, for exam-
ple, one of the treatiments, the expression approaches zero, one rust
consider...

g When the number is an ordinal number less than 10, and when
the number expresses rank rather than quantity, for example, the
second time, was first discovered.

= When the number is a fraction used in running text, for exam-
ple, ane-half of the homogenate, nearly three-quarters of ihe plants.

When the precise value of a fraction is required, however, use
the decimal form, for example, 0.5 L rather than one-half lifer.

3. Use scientific notation for very large or very small numbers. For
the number 5,000,000, write 5 x 10% not 5 million. For the number
0.000005, write 5 x 1074,

4. For decimal numbers less than one, always mark the ones column
with a zero. For example, write (.05, not .05.

Format

Most university writing centers and professional editors recommend
proofreading your paper in multiple “passes,” looking for one kind of
error in each pass (The Writing Center at UNC Chapel Hill 2014; CUNY
Writing Fellows 2016; Every 2012). This strategy works particulazly well
for finding formatting errors, which are much easier to detect on printed
pages than on the computer screen (Table 5.6). Check for potential errors

in the following areas:
® Section headings
& Bulleted or numbered. lists
a Figures and tables, including their in-text references
e In-text citations of outside sources
& Full references at the end of the paper
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TABLE:
Category Check for
Section headings G
orrect order, consistent format, n
; ,not s
Secrion bou eparated from
List i
s .,M %Nﬂwmvﬁmn_ or mmo_:m:.ﬂ_m_ numbering and consistent style,
._um_.m__mm_m._,: in sentence structure, consistent
. indentation for each level
Figure i
Figures and tables Sequential numbering in the arder they are described

In-text references to figur
(=) e (o i i
and by rences | g rrespondence with the actual figures and tables

‘In-text citati
itations O:m-ﬁo..o:m correspondence with the end references:
formatting is correct \
End reference
, 5 O:.m-ﬁo-o_,_m. no_..qmmﬁo:o_m:nm with the in-text citations;
] ..Q - allinfarmation is present; formatting is correct ‘
Headers and footers Corre: iti
oot ¢t position on each page
Page numbers S i
equential (check especially after i i
> secti
Microsoft Word) d on breaksin
Typogra i
ypography Consistent typeface, font size, and line spacing

e Headers and footers
= Page numbers

s Typography

Get Feedback

Whi i
o@%%ﬂ%woﬂmm NWM%M&.E our worl, we may fail to recognize that what is
0bvious fo an “outsider.” That is where
someone who is familiar with the subi i haac from
: ubject matter comes in hand
Instructor allows it, ask your lab o, 0r yot o
i : ’ partner, another classmate, o
in . T your teach-
ozmm Mwwwmmmﬁoﬁw Mwﬂmﬁh your paper. Return the favor by H,mfmawgm sorne-
se’s. ay also get valuable feed d it
vour school’s writing center, back from a NG expert at
The questions your reviewer will focus on are ag follows:
m Do I know what the writer is tryi .
to a i i i
Is the paspene e trying to accomplish with this paper?
@ gmﬁ questions or concerns do I have about this paper? Are there
sections that were difficult to follow? Are the organization, con-
tent, flow, and level appropriate for the intended mﬂ&mﬁnm‘m
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What suggestions can I offer the writer to help him/her clarify the
m a

intended meaning? . i
& What do I like about the paper? What are 1ts strengths?

Tips for being a good peer reviewer

asked to
. 3 1 ._HH.HHmmHm A.)_ﬂ.‘—‘..ﬂg MNO.HH are F7 "
issues with which you may stru w the “right
Hwﬁ.ﬁm o Hq MHmmmBmﬁmam paper: (1) Tm not confident that T .MMO i) mcmmmmm.
o know enough about the writing process fo give g re valid
answer oM MVOH don’t want to hurt the writer’s mmmmp.ﬁmm. memmn e s
MMMMMM mmﬁ resolving them will require, EMW mm”%wwwﬂ%mﬁwm ~ritude
r - v S1 . 4
iting scientific papers as pos 1 readers.
HH.EQ.W mwoﬁmﬁﬁm wmm:b&mmH to you, it may also be Eﬁﬁwwa to %Wm e
EwH mmmﬁwﬂ aper you review, you will gain more noﬂ? %Mnmw . Wooa. ule
A..\S e mobmﬁﬁmdm feedback. In the prmmbﬂg@ on mmﬂmmﬁﬂ that you
nwmmv mﬂw is to give the kinds of suggestions and consi
[e) Lauagl
would like to receive on your wéum%mmwmmﬂm New Comment and Track
lewin electrondc €8, - A use-
When 84558 mbwm on the Review tab In Microsoft gonrmeme%mﬂ to
e oenelix 1, pp. 199-201). New Comment allows the the side
ful (see Appern HM o Mﬂ@% without editing the text itself, off to e
make a anmeMﬁﬁ When Track Changes is turned on, the Hwﬁqu&mmuma
o Mﬂwﬂﬂnﬂw@mm .J%m& right info the do.m% of the fext, w@% of the peer
mmm w The mcwku can then accept or reject the gmummmw ine the Writer's
MMAMm.S process as a team sport: the Hmﬁmﬂﬂ Hmﬁboﬁm o MH Moﬂwwﬁ mﬁm best pos-
- The two are working tog
right to be on the teaimn.
i ult. : . jewer:
m&WMHmM are sorme concrete tips for being a good peer HmMmémmb& .
_ ) : bjectives, questions
the writer about his or her o - 5
) MMWMM oHumMm that need specific feedback, and perceived strength
r
and weaknesses. o : tent.
Use the “Biology Lab Report Checklist (pp- 138-140) for com
]

ook over Table 6.2 and “A Tab Reportin Need of Revision
) (pp. 150-161 in Chapter 6) for common errors. . e and
a Mark awkward sentences, spelling and wdbngmnwmw nmmﬁﬁmp mms.

formatting errors. Do not feel you have to rewrd

: it b,
tences—that is the writer's jo ‘ e
k questions. Let the writer know where you cant mouo.sm MHM\H ne

) Wwdmwm where you need more examples, where you exp

detailed analysis, and so on.

list is available in the CSE Manual (2014),
., tor.com /support-files/p

.,,. at the college level, for several reasons.
. - mitling assignments online does not
- the last minute. When a document is
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# Do not be embarrassed about making lots of comments; the author
does not have to accept your suggestions. On the other hand, if

~ you say only good things about the paper, how will the writer
know whether the paper is accomplishing the desired objectives?

You can fine-tune your proofreading skills on any text. You may recog-
nize some of your own problems in other people’s writing, and, with per-
sistence and practice, you will find creative solutions to correct these prob-
lems. Keep a log of the problems that recur in your wri

ting and review
them from time to time. Repetition builds awareness, whi

ch will help you
achieve greaier clarity in your writing.

Have an informal discussion with Your peer reviewer
Sometimes the comments made b
Other times, however,
of the paper,

v the peer reviewer are self-explanatory.
the peer reviewer cannot respond to certain parts
because more information is required. Under these circum-
stances, an informal discussion between the writer and the reviewer is
helpful. There are two important rules for this discussion:

@ First, the writer talks and the reviewer listens, The objective is to
help the writer express exactly what he/she wants to say in the
paper.

m Second, the reviewer talks, in nonjudgmental terms, about which

parts of the paper were readily understandable and which parts
were confusing. The reviewer does not have to be an experienced
writer to do this—no two people have exactly the same life experi-
ences, and there is always something positive you can learn from
looking at your writing from someone else’s perspective.

Feedback from your instructor

Some instructors write comments on the
ers use electronic editing tools, When ins
usually use standard proofreading marks to save time. If you don't know
what the marks mean, ask your instructor or look them
used proofreading marks are listed in Table 61, A more

hard copy of a lab report; oth-
tructors grade hard copies, they

up. Frequently
comprehensive
at http://wwwhbiomedicaledi-

roofreadingmarks.pdf, and in other printed and
online sources.

Online submissions have become increasingly widespread, especiaily

Students like the convendence. Sub-
require a printer and can be done at
stored in the cloud, it can be accessed
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from a variety of devices, and there is also less chance that it will get lost
(physically, at least). Going paperless is also good for the environment.
Online submissions have benefits for instructors as well, which include:

s Being able to provide higher quality, more consistent feedback in
less time.

= Having a time stamp to confirm when a student’s assignment was
turned in.

» Having the capability to check for plagiarism automatically.

Most of the concerns that students and instructors voice about online
submissions are related to technical difficulties during the upload pro-
cess, changes in document format, the inability to resubmit a document if
an error is discovered after the fact, urweliable Internet connections, and
a personal dislike of technology in general. Ultimately, it is up fo your
instructor to decide whether the advantages of online submission out-
weigh the disadvantages.

Instructors have various options for providing feedback in your elec-
tronic documents. One option is o insert comments or mark up text using
the Comments and/or Track Changes features in Word (see pp. 199201 in
Appendix 1). A second option that applies specifically to PDFs is to open
the PDIF in Adobe Acrobat Reader. In this program, text can be highlighted
and comments can be added on “sticky notes.” A third option for provid-
ing feedback can be used on either Word documents or PDFs uploaded to
Turnitin. In Turnitin Classic, instructors can highlight text on the paper,
click the Comment button on the side panel, and then type a comment
(Figure 5.1, item @). If this turns out to be a frequently made comment, it
can be saved as a GradeMark and reused on the current paper or on other
students’ papers. The title of the GradeMark is limited to 40 characters,
but there is plenty of room to add detailed explanations in the context
box. The next time this comment is applicable, instructors simply drag the

GradeMark off the side panel and drop it onto the student’s paper (Figure
51, item ®). Additional comments can be added to existing GradeMarks;
these additional comments are only displayed in that particular comment
in that particular paper. However, universal edits to existing GradeMarks
will be applied to all papers in which that GradeMark was used. Two
other features that instructors will appreciate are
a GradeMarks can be saved in sets customized for individual
assignments (Figure 5.1, item @) and
& GradeMark seis can be shared, which allows grading to be more
consistent across multiple lab sections.

Students are able to see their instructor’s comments by clicking the
assignment link to open their paper, clicking the large GradeMark but-
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Biology Lab Report Checklist
TITLE (pp. 88-89)

[0 Descriptive and concise

AUTHORS

O Each author’s first name is followed by his/her surname

ABSTRACT (pp. 87-88)

O Contains an introduction (background and objectives)
0 Contains brief description of methods

O Contains results

O Contains conclusions

INTRODUCTION .
O Starts with a general introduction to the topic (pp. 84-86)
O Contains a question or unresolved problem (pp- m.%lm@ o
O Contains background information supported by in-text referen
p- 84-86) |
a M@ﬁm selected references are directly relevant to the study (pp
84-80). . -
O The in-text reference is formatted correctly according ﬁM wﬁwmwamgm
Year, Citation-Sequence, or Citation-Name system (pp- 0
O Eoui..gmmoﬁ obtained from a reference is paraphrased. Direct quo-
tations are not used (p. 90). “
O The objectives of the study are clearly stated (pp. 84-86).

MATERIALS AND METHODS —
0O Contains all relevant information to enable a person w P
priate training to repeat the procedure (pp. 55-57).

[0 Routine procedures are not explained (pp- 57-58). )

00 Complete sentences and paragraphs are used—do not make a
numbered list (p. 55). . .

O Past tense is used because these actions were done in the past an
completed (p. 55). . . .

O Passive voice is used o emphasize the action (active voice 1s
allowed in some disciplines) (p. 53).
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U Materials are not listed separately (p. 57).

[2 No preview is given of how the data will be graphed or tabulated
{p. 58).
P

RESULTS

tive text for a table or figure immediately precedes that table or
tigure (see, for example, Figures 4.1, 4.3, and 4.4).

U Results are described in past tense (p. 79).

01 Every sentence in the text is meaningful (p. 79 and pp. 108-110).
Sentences such as The results are shown in the figure below are not
meaningful.

(1 When a result ig described, the figure mToSH.bm that result is
referenced, preferably in parentheses at the end of the sentence
(p. 77-78).

(0 There are no tables and figures that are not described.

1 The figure caption is positioned below the figure (p. 67). The table
caption is positioned above the table {p. 63).

O Figure and table titles are informative and can be understood
apart from the text {Pp- 63-64 and 67-69).

O The results are not explained (p. 78).

DISCUSSION (pp. 81-84)

O The results are briefly restated.
O The results are explained and interpreted.
- Past tense is used when referring to your own results. Present
tense Is used to state scientific fact, which is information sup-
ported by experimental evidence and replicated by many ditferent

scientists. Resulfs in journal articles are considered to be fact until
other studies present evidence to the contrary (p. 54).

O The results are compared with those in journal articles,

U The results are related back to the original objectives stated in the
Introduction.

L Any errors and inconsistencies may be pointed out.

L The significance of the results or their implications may be
~discussed in a broader context
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REFERENCES (pp. 89-101)
0] The references consist mostly of journal articles,
sources such as textbooks or websites.

0 The references are formatted correctly and conta
information.

0 All references listed in
in-text references have

) Reference management software saves
(pp- 24-30).

REVISION
o Al questions from the lab
0 Calculations and statistics have b
0t The overall structure of the manuscript is correct (Pp- 104-105).
rall structure of each section is correct (pp- 105-106).

s are formatted correctly (Pp- 60-73).
and words are coherent and

not secondary

in all the required

this section have been cited in the text. All
been included in this section.
time formatting references

oratory exercise have been answered.
cen double-checked (p. 105).

1 The ove
0 Figures and table

[ Sections, paragraphs, sentences,
meaningful (pp. 105-112).

O Tndividual words are used appropriately for the situation
(pp- 112-120).

O All sentences are grammatically correct (pp- 1

O All words are spelled correctly (p- 124).

arks are used (pp. 125-129).

5 are defined the first time they

21-124).

7 The correct Huubnwsmﬂoﬂ mi

O Abbreviations for unfamiliar term
are used (p. 129).

O Standard abbreviations are us

O Numbers are formatted correctly and,
lowed by units (pp- 129-132).

0] The format for section headings, lists, figures, tables, references,
and typography is consistent (Table 5.6; pp. 132-133).

ed for units (Table 5.5; pp- 130--139).
when applicable, are fol-

sites.sinauer.com/knisely5e

Go to the COMPANION WEBSITE *
and tutorial videos

for samples, template files,

Sample Student
Laboratory Reports

A “Good” Sample Student Lab Report

The first laborato ; :
. vy report in this chapt i
duringe her i pter was written by L
biology wer first year at Bucknell University, in an ooy o
original E&.& Bﬁ%ﬁ m_w m%@., 1ab partners designed and nmNMMsMH -
o C ey invest] an
mHMSL% of bean, pea, and nogwﬁmbﬂw gated the effect of a fungus on the
ynne' :
Emnk@%mw ﬂﬂwﬂ o, Mﬁ any of the characteristics of a well-written, sci
of hor vorttine. oe Wmm ook over her presentation, notice the style a Mﬂmﬁ.
fatiopis in Emmmbm ‘ Mm the format of the paper. The comments mbM one
. rgins alert you to i : ; anno-
MSM,MEH your laboratory 1 mumu oﬁ.o important points to keep in mind when
e pre i
Eo&mwmwﬁﬁww%wwwwfﬁm has been typeset to fit this book and to ac
85 x 11 inch paper Mwm Your report should be formatted to fit sta MOE-
(Times WpomM Mw mﬁwﬁ%mmmw unmoﬂ M:.m instructed otherwise, use a mmﬁw %MM
gin all around. , double space, and leave at least 1 inch of mar-
For details on how to f
. ormat d i ;
matting Documents” in Appendix %a uments in Microsoft Word, see “For-



