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Benefits which cannot be repaid
and obligations which cannot he discharged
are not commonly found to increase affection.
Taciins (a0 o BEc 1240,

cies, but graduate students usually must submit a formal

proposal of thesis research, and there are other occasions
upon which established scientists must write proposals. This
chapter explains how to prepare and submit a research proposal,
using the Disseriation Improvement Grant format of the Naticnal
Science Foundation as a specific example. Discussed are the crite-
ria used to evaluate a proposal. ihe uselfulness of testing your
plans on others before submitting, the importance of pilot studies
and preliminary data, details of the content of a proposal, and var-
icus tips and suggestions. The heart of any kind of proposal is (-
partite:

Rescarch proposals are of course required by funding agen-

Explain what you want to do, how you will do it, and why it is
important.

It is usually assumed that a disorganized or poorly wrilien pro-
posal reflects a disorganized or poorly conceptualized siudy.
Therefore, organization, content, and clear writing are essential to
the success of a proposal. whalever its purpose, This chapier con-
centrates on organization and content; Appendix A is devoted to
clear writing, applving equally to research proposals and other
exposition. Even if no funding or prior approval is required, lhe
rigor demanded by articulaling your knowledge of a subject and
your research intenfions can help you to identify inconsistencies
in logic and inappropriate fits between the questions you ask, the
data you intend to colleci, and your methods. Describing what you
plan to study, how you will do so, and why it is important is a
vital, and in many instances mandatory, precursor to conducting
scientific research.

Successful scientilic proposals convey good salesmanship: you
are selling a future product, vour research idea and protocol, to a
critical audience that must select from among many such prod-
ucls. To sell your proposal effectively, you must know who vour
audience is, whether they are highly trained specialists inn your
field, established researchers in relailed fields. or board members
sceking research that is consistent with their foundation’s funding
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32 Planning, Propesing, and Presenting Science Effectively

directives. Persuasive writing does not compensate [or scientific
competence, bul many good ideas and research designs are under-
mined by explanations that are either too vague or too specific to
Lhe audicnce evaluating them.

Format

Funding agencies and university graduate programs may differ in
their format and content requirements for scientific proposals, A
proposal to a conservation or biomedical [oundation will reguire a
different emphasis than one to a behavicral sociely. Before begin-
ning to write. you shouid obtain all of the available information
and forms [rom all of the funding agencies or programs to which
you cxpect to submit proposals (see Appendix B for prominent
UU.5. graniing organizations and their World Wide Web access).
Books listing funding agencies can be found in the reference sec-
tions of most university libraries. These guides to grants and foun-
dalions include the addresses and phone numbers of funding
sources, as well as summaries aboul the programs. You will need
to write or call 1o request application materials, which usually take
1 10 2 weeks to arrive.

All federal grants and many privale ones will require approved
animal care protocols. So simultaneously wilh soliciting grant
information, also begin looking into laws, regulations, and guide-
lines applicable to use of animals in research. A good place to
begin is the unit on your campus that approves animal care proto-
cols. Furthermore, many professional societies — among them the
Neuroscience Society, American Psychological Association, Animal
Behavior Sociely, and Ecological Scciety of America - publish
guidelines on animal use and other ethical concerns.

When vou receive application materials from the granting source,
read the instruclions carefully, paying particular altention to:

the number of copies you will need 10 submit
page limits

funding critcria and amounts available
deadlines

supporting documents

Supporting documents are such things as letters of recommenda-
lion., academic transcripts, evidence of collaboration, and research
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permits. It may be useful {o create a computer spreadsheet that
you can skim at a glance 1o keep various deadlines and required
supporting documents orgamized. There is nothing more frustrat-
ing ~ or impeding to research - than discovering at the last minnte,
after completing your proposal close to deadline, that you will need
a document that requires lead time to obtain, or that you neglect-
ed to allow time to reproduce twenty copies of a proposal. If any
information in the requirements is unclear, be sure to contact the
program’s tunding officer directly. Getting help prior to submis-
sion. either to clarify ambiguous instrictions or to guide you as
you write, will greatly alleviate unnecessary disappointments.

Here we use the standard Dissertation Improvement Grant
proposal’s format of the National Science Foundation (hereafter
NSF) as our model for preparing proposals. Not only is NSF one of
the primary sources of funding in behavioral biology and related
disciplines, it also requires one of the most detailed proposal cor-
tents. Learning how 1o write a competitive NSF proposal will help
you in other fund-raising efforts because, cnece completed, the pro-
posal can be adapted to other [unding sources.

Unlike scientific journals, which expect to be the sole evalua-
tors of a submitted manuscript, mosi funding agencics encourage
multiple submissions to various sources and ask you to state
whatever sources yvou htave applied to in the event of any overlap in
budgeted items. For example, only certain programs at NSF [(e.g..
animal behavior, ecology, anihropelogy) have the Dissertation
Improvement Grants for field studies, but many agencies and even
some private foundations have similar programs. For instance, the
National Tstitutes of Health {NIH) has programs for predocioral
fellowships.

Whatever grant is being applied for, follow precisely all the
instructions, including those for specific format. A very important
set of instructlions is that relating to the length and format of sec-
tions, especially the heart of the proposal where you explain
hypotheses to be tested and methods to be used. Federal granting
agencies in particular may specifly not only a page limit but also
the minimum size of margins and the size of fonts for the text. In
general. a single-spaced proposal is best formatted in a 12-point
font whereas a double-spaced proposal can be put in 10-point.
Remember that reviewers are inevilably overworked persons who
must read a number of proposals in a short peried; do everylhing
possible to make your proposal easy to read.
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Criteria for Evaluation

Each funding agency has its own criteria for evaluating proposals.
Scrutinizing these criteria before you write or adapt vour proposal
will help you to avoid off-largel or inappropriate submissions.
Some funding agencies provide written evalualions when they
announce their results, others will discuss the reasons for a nega-
tive decision if they are asked, still others provide liltle or no feed-
back even on request.

The cover page of an NSF proposal asks yvou to identify the
area under which your proposal falls, When it is processed, the
proposal will be sent to the program ollicer in that area, who will
ask multiple reviewers to evaluate yvour propesal anonymously.
These reviewers receive a copy of yvour proposal, which they are
expected to treat as a confidential document, and a st of criteria
for evaluating your proposal.

The criteria used by reviewers may change from submission to
submission, so it is wise to verify what the current criteria will be.
Many foundations and agencies make available 1o investigators
printed information concerning how their proposals will be
reviewed. The following crileria come from an uncopyrighted book-
lel published by NSF, entided Grant Proposal Guide (designated
NSF 95-27 on ihe outside front cover and NSEF 85-64 on the
inside]. Direct quotes are from this booklet. This and similar free
deocuments may be obtained by wriling to NSF Forms and Publica-
fions Unit, 4201 Wilson Boulevard, Room P-15, Arlingfon. VA
22230 (see also Appendix B for contacting NSF and other funding
sources). At present, NSF direcis reviewers fo consider ihe follow-
ing four items in their evaluation. The NSF announced intentlions
to revise these criteria in 1997, bul new guidelines had not yet
been released when this book was compleled.

1. Research performance competence

“This criterion relates to the capability of the investigator(s), the
technical sounduness of the proposed approach. and the adequacy
of the instilutional resources available.”

Is the investigator capable of carrying out the proposed
research, and is the approach thal will be taken lechnically sound?
Evidence of pilot studies and preliminary results will be especially



How to White a Research Proposal 35

useful (o help beginning researchers estrablish their credibilily and
capability, and should be included whenever possible. The techni-
cal soundness of an approach will be apparent if the study involves
well-established methods of data collection and analyses, Nonethe-
less, it is critical 1o select methods appropriate to the kind of daia
that will be needed (o address the study's geals. A mismatch
between guestions and methods can undermine a propesal’s credi-
bility. If sophisticated methods will be employved, relerences or let-
iers of collaberation from appropriate laboratories or investigators
will help to justify vour rationale. Application or development of
new technigues will require careful and detailed documentation of
their suitahility and viability, Ofien the moest difficuli. and poten-
tally devastating, fealure of a proposal is the use of new {echnigues
that reviewers are unfamiliar with or skeptical aboul.

Foreign research requires some special demonstrations ol fea-
sibility. Il is almost imperative that the researcher has had previ-
ous experience at the field site and can demonstrate that the pro-
posed methods will work. Local monies and small grants {rom
private foundations should be seught for support of pilot studies
abroad. Furthermore, the applicant's plans are more likely to get
sympathetic attention if she or he can state fluency in the local
language where field work will be done.

2. intrinsic merif of the research

“This criterion is used to assess the likelihgod that the resecarch
will lead to new discoveries ar fundamental advances within its
field ol science or engineering. or have substantial impaci on
progress in Lhat field or in other scientific and engincering fields.”

What is the likelihood that this study will lead to new discover-
ies or fundamental advances within the field? This criterion evalu-
ates the heart of the proposal: how the rescarch proposed fits into
and extends or clarifies existing knowledge in the ficld. It encom-
passes the background and justification for the research, the gen-
eral objectives and specific hypotheses, and the ways in which
data will be interpreted. As in the first criterion about research
methodology. any mismatch between data interpretations and
hypotheses, or the relevance of hypotheses to the general goals,
will raise questions about the likelihood that the research will ulii-
mately contribule new informalion to the Held.
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3. Utility or relevance of the research

“This crilerion {s used to assess the likelihood that the research
van contribute to the achievement of a goal that is exirinsic or in
addition to that of the research field itself, and thereby serve as Lhe
basis for new or improved technology or assist in the solution of
societal problems.”

What is the likelihoced that the research will contribule to goals
extrinsic to the research and therefore be the basis for new tech-
nology? Here the reviewers will be iooking for the broader impact
of a study. Whereas behavioral studies may only rarely lead io new
technolegical developments. they can (and should) nonetheless be
relevani. to larger questions. Imagine trying o justify the impor-
tance of a study on bird territoriality or monkey-feeding ecology to
an economist or political scientist, or even your grandmother.
Think broadiy here, perhaps in terms of understanding aggression
or seasonal nuiritional stress, 1o identify and “contexiualize” your
study within a larger more comparative framcwork. Inlerdiscipli-
nary studies or integrated field and laboratory approaches can be
similarly justitied.

4, Effect of research on the infrastructure of science
and engineering

“This criterion relates to the polential of the proposed research 1o
contribute to better understanding or improvement of the quality,
distribution or effectiveness of the Nation's scientific and enginecr-
ing research, education, and manpower base.”

In all honesty, neither of us authors has ever understood this
criterion. It was not until we began collaboerating on this book that
we discovered each of us had been leaving the item blank when
serving as reviewers for NSF proposals. One of us had, several
times. writlten a note on the reviewer's sheet asking for clarifica-
tion, bul no response was ever forthcoming. Perhaps there is a les-
son here that mighi be stated thus: sometimes not even experi-
enced investligalors understand every detail of grant proposal
instructions.

Ome of our colieagues interprets the “infrastructure” item of
NSF as referring to the education and training of students by their
mentors. In other words, how will undergraduate and graduate
education in science be affected by the awarding of this grant?
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Also note that this “infrastructure” item is not part of National
Institutes of Health (NIH) grant criteria.

What to do about a quandary of interpretation depends upon
many factors. If an isolaled item seems clearly designed to apply 1o
proposals of a distinctly dilferent nature trom the one you are writ-
ing or reviewing (as in this case}, it may be safe to ignore the item
as “nol applicable.” If there is any doubl, phone the program direc-
tor and try to have the item clarified. If two or more items are
unclear, then you should always seek a clarification.

Feedback

Established scientists with high funding success routincly solicit
[eedback on drafts of their preposals from colleagues. It is even
more unrealistic to expect a beginning scientisi to be able to write
a competilive propesal without exlensive guidance and feedback
prior {0 submission. Indeed. NSF Dissertation Improvement
Grants {and many others) require that the student's faculty advi-
sor sign as the Principal Invesligator, indicating her or his
endorsement of the propesed research.

Most faculty will not wanti lo approve a study or a proposal
unless they are satisfied with it. Therefore, even if they agree with
the research topic, they will nonetheless expect to play an active
role in shaping the proposal. Regular meetings should be estab-
lished between vou and your adviser, wlio should read your pro-
posal and provide feedback, and reread revisions until the propos-
al is ready for submission. Working on a proposal in parts ¢nables
you to fine-tune it before investing the time and energy into a full-
length draft. It may be difficult for an advisor to provide such spe-
cific [eedback until she or he sees the entire proposal in writing, It
is almost always the case thal even then, this draft will undergo
multiple revisions. As noted in Appendix A about writing in gener-
al, the rule is revise, revise, revise.

Extensive revising is a process that will help vou to fine-tune
vour ideas and allow yvou to be more explicit and unambiguous in
your thinking as well as your writing, Working on your gramt propos-
al with your advisor also immerses you in the discourse of science.

It may be helpful to establish a schedule for completing sec-
tions of a proposal. Whereas an advisor should be the primary
source of feedback, other committee members or colleagues should
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be sought for advice and feedback as the draft develops. Such
{feedback is cspecially important if letiers of recommendation from
faculty other than or in addition te the advisor are required.

It is important to remember that funding is highly competitive
and thal many highly qualified, highly rated proposals nonetheless
fall below funding limits. The National Science Foundation asks
reviewers to rate proposals as excellent if they [all within the top 10
percent and are of the highest funding priority; very good if they are
within the lop third and should be supporied; good if they are in
the mid-third and worthy of supporl: fair if they arc within the low-
est third; and poor if there are serious deficiencies. Many very good
and even excellent propoesals fail to achieve funding slatus. In these
cases it is worth contacting the program officer to discuss whether
a revised submission is merited. Fair and poor proposals usually
reguire exlensive revisions to the point that a subsequent submis-
sion may bear lillle if any resemblance to the original.

Rejections or unsuccessful proposals are not uncommeon, even
among highly respected, productive, and established scientists. Tt
is important to take reviewers’ comments and criticisms seriously,
but also not o let a negative review or outcome discourage you 1o
the point of despair. Discussing your reviews — and how te improve
on or modify the proposal and the research - with vour faculiy
advisor(s) is an important component of learning how to carry out
a scientific study and write a successful proposal.

Olten the most rate-limiting steps to proposal writing are the
turnaround Umes between feedback and revisions. A proposal that
is the lenglh and depth of an NSF submission may take months of
formulating and rewriting:; sufficieni. lead time and coordination
between student and advisor should be allowed before submission
deadlines.

Proposal Content

This section is subdivided lo reflect the differeni. compeonents of an
NSF proposal. It may be helpful 1o read through the cnitire section
belore beginning te wrile. and then return to each topic as you
reach that part of your proposal. The generic protocol described
here will obviously require some modifications to [it your own
research area. There are differences between field- and laboratory-
based behavioral research. between observational and experimental
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research, and among the kinds of questions and methods that can
be applied to different species. Be sure o lake these differences into
account when using these suggestions o guide your own proposal,

Significance of a title

The title of your proposal should state precisely what vour study
is about. Many first-time proposal writers undereslimate lhe
importance of an informative title. If you cannot state concisely
what you intend to study, vou may need to clarify your thinking
on the subject. :

One of the most commeon problems with lilles is thal they
claim to cover more than the research will actually achieve. For
example. a proposal titled “The Effects of Nutrition on Chimpanzee
Reproduction” implies that nuitritional intake and reproductive
condition will be measured and correlated. Suppose the study
aclually involved the use of feeding observations without corre-
sponding nutritional analyses and focused exclusively on female
reproductive status. A more appropriaie tille to the research would
then be “The Effects of Food {or Diet} on Reproduction in Female
Chimpanzees.”

At the same time. however, a title should not be so narrowly
deflined that it fails to capture the broader scientific context in
which the research is situated, Correlations between variables
other than diet and reproduction, such as dominance rank or age,
might conslitule equally important questions in the proposed
research. Note the different emphases, and what each implies
about the research goals, in the following possible titles:

The Effects of Diet on Age, Rank, and Reproduction in Female Chim-

panzees.

The Effects of Reproduction on Diet, Age, and Rank in Female Chim-
panzees.

The Relationships among Diet, Rank, and Reproduction in Female Chim-
panzees.

Proposals rarely fail solely due to an inappropriate or mislead-
ing title, but like all first impressions, titles set up expeciations for
what will foliow. An accurale and informative title will help ensure
that your propesal is senl to appropriate revicwers and that they
will not need to readjust their expectations once they begin to read
your proposal.
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Identifying objectives

What are the general goals of your study? Usually these objectives
are to examine, expand, investigate. explore, develop, or evaluate a
set of data relevant to a set of quesiions that inform the overall
research. Objectives should be concise stalements that provide
enough detail 1o comrmunicate the scientific focus of the study.

In defining your objectives, it is helpful to think in terms of
three or four broad aims. These may be parallel or ordanized along
a gradient from specific to general. A study on “Sex Differences in
Territorial Behavior in a Polygynous Bird (Species)” might have
thrce objectives: (1) to evaluate the presence and degree of sex dif-
ferences in territorial defense; (2) to explore the reproductive corre-
lates of territorial defense for males and females; and {3) to develop
a model of the dynamics of polygyny. Remember, however. that
you will need to elaborate on each of your objectives in the body of
your proposal. Therefore. when formulating your objectives, as in
the case of your title, be careful that you do not set yourself an
objective that your research cannot address. Objectives, like titles,
may require fine-tuning as you develop the body of your proposal.

Integrating your research with existing knowledge

The background te your proposal provides the {ormal scientific con-
text from which your study is derdved and tec which your research
will ultimately contribute. It is a section in which vou review what is
already known and what the outstanding questions in vour study
area are. It is, in essence, a formal review that should outline, usu-
ally in the third person. what stimulated your interest in your pro-
posed research. This seclion camnot be written until yvou have a
thorough command of the literature in your ficld and have identified
existing questions or gaps in this literature, How you focus this sec-
tlor - what you choose to include or omit — will depend on what
your study proposes to accomplish. It is oiten the first part of the
body of a proposal, but in relaling your staied objectives to exdsting
knowledge, you may find it heipful o begin by developing separate
background sections for each of your objectives.

If one of vour objectives is to evaluate an existing model with
data from a new species, you will need to review the model and
provide evidence for why such a test of the model is important.
Exceptions that challenge the model or paradoxical features of

e s
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your study subject are examples of how you may be able to situ-
ate your research contribution within a broader context. Similar-
ly, if one objective is to document the existence and degree of sex
differences in a particular behavior, you will need to describe
why you might or might not expect sex differences to occur
using examples from other studies that demonstrated inconsis-
tent patterns.

It is important to recognize that your preparatory reading is
likely to be much more extensive than what you will have space to
review in the background section of your proposal. It is also the
case that not all of your prior reading will be equally relevant to
your proposed research.. Choose your examples and citations care-
fully, being sure to indicate whether your list is inclusive or selec-
tive. Profiling an example as being “. . . the sole exception . . .”
when there are others that you fail to acknowledge will raise
doubts in reviewers’ minds about your ability to integrate your
proposed work with existing knowledge. The background section
should demonstrate that you have a clear idea of what is new
about your proposed research. Inappropriate claims about your
own originality may offend reviewers who have done similar work
or know of other work in the area, undermining the credibility of
your proposal and assessments of your ability to interpret your
data if you are given the opportunity to collect them.

Hypotheses and predictions

The questions that you propose to address in your research will be
clearer if they are framed in terms of specific hypotheses (models)
and predictions. Carefully conceived hypotheses demonstrate that
you are aware of how your research fits into prior theoretical or
empirical work in your area, and carefully deduced predictions
indicate whether your reasoning is logically sound. Examples of
research hypotheses were given in Chapter 1 and others will be
mentioned here. There are usually at least two alternative
hypotheses that could be made for any research question raised.
The basis for each set of alternatives should be provided and prop-
erly referenced. Alternative hypotheses should encompass all pos-
sible outcomes of the inquiry. When possible, they should be
mutually exclusive, making different predictions. The proposal
should make explicit reference to how your data will enable you to
distinguish among alternative outcomes.
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You may have strong reasons to believe that your data will
support seme hypotheses and predictions more than others, but
reviewers will be looking for evidence that you have anticipated the
possibility of unexpected results and are prepared to deal with
them if they oceur. It is legitimate {o identify which prediciion is
most likely to be confirmed, but it is often the juxiaposilion
between cutcomes thal conform lo expectations and possible
exceptions that generate the most original and important results.
That is, if you are 99 percent conlidenl of a particular culeome
based on what is already known on the topic. vou may lead a
reviewer {o ask why she or he should endorse a study with such a
certain outcome. On lhe olher hand. il you devise an alternative
model that makes the same expecled prediction bul makes other
predictions not generated by the traditional model, this would be a
powerfuil way of selting up your research.

Each of your objectives should have a set of predictions derived
from existing knowledge and reviewed in the background section.
If your objectives are arranged hierarchically. you may find it orga-
nizationally helplul to treat the backgdround and associated
hypotheses and predictions for each cbjective separately. If vour
research invoelves a series of controlled experiments, it may be sim-
pler o write an integrated background section and elaborate on
your alternative hypothcses and predictions when vou describe
your experimental methods. Be aware that your study’s results
may lead yvou to rearrange the way in which you prescnt your
chjectives or experiments in your thesis or publications (see Chap-
ter 3], but until vou actually do the research, you must use whal
is already known to organize the logical development of your
hypotheses,

Wherever you situate them, a critical step in formulating alter-
native hypotheses is to articulate the null hypotheses against
which any alternative predictions are compared. In statistical
lerms a rull hypothesis (Hy) usually refers to no dilference between
lwo sets of measurements or no relationship belween two vari-
ables, when research hypoiheses predicl such dillerences or rela-
licnships. The operational statement of the investigalor's research
hypothesis {or the prediction deduced from it) is called the alterna-
tive statistical hypothesis [H,, if there is only one).

Rejecting a statistical null hypothesis such as “no difference
between two groups” may permit you to conclude that a dillerence
does exist, but it will not tell you the direction of this relalionship

1:12;.5.:
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automatically. Confirming a null hypotlhesis can be highly infor-
mative. For example. largder male mammals may need to feed for
longer periods than smaller females o susiain their body weight,
whereas females may need to feed for longer periods due to the
energetic demands of gestation and lactalion. The null hypothesis
in this case, that there are no sex differences in the length of feed-
ing periods, might indicatle that female reproductive requirements
offset the requirementis ol male size. Such a conclusion could be
drawn, however, only if the body size differences and reproductive
stales can be measured and are represented in sufficientlv large
sample sizes to compare (see the next section, Methads).

If alternative hvpotheses are not mutually exclusive, it will be
ditficull to persuade a reviewer lhatl vou will be able to resclve the
gquestions vou are trving to address. For example, a set of alterna-
tive hypotheses stating that dominant fernales spend a greater pro-
portion of their time feeding than do subordinates (H,) and that
monogamous females spend a greater proportion of their time
feeding than do polygynous fcmales (H,) may be difficult to confirm
or refute if dominant females also tend to be monogamous. Simi-
larly, it is critical that your hypotheses fall within the scope of the
data you will obtain. In the foregoing example. it may nol be possi-
ble for you to ascertain the deminance rank of monogamous
[emales because their monogamy precludes the kinds of repetitive
social contests that permit such caleulations. Or, il hay noi be
possible to evaluate the effects of monogamy and polygyny on
[emale feeding behavior because you will not have a large encugh
sample sizc for each possible case. If vou canmot discriminate
among all of your alternalive cutcomes, then restating the ques-
tion and the suppoerling hypotheses may be imperalive. Once
again, if reviewers are not convinced that your dala base will per-
mit you to evaluate your hypotheses, they will challenge the feasi-
bility of your research despite sirong marks for scientific interest.

Precision in your choice of words when you state your hypothe-
ses and predictions, and in your methods of data colleclion, will
help avoid unintentional mismalches. A null hypethesis staling
that female reproductive condition has no elfect on female diets can
be interpreted in different ways. It could imply that you predict no
dietary dillerences among females, or that nonreproductive vari-
ables, such as age or rank, are more directly responsible for dietary
differences between females. How will female diels be evaluated?
Total feeding minutes. proportion of daylight hours spent feeding,
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feeding rates, or types of food are all valid estimates of diet. and
which data will be used should be specified to avoid unnecessary
confusion. And, of course, it must be clear that you will be abie to
assess differcnces in fernale reproductive condilions, and that you
will have large enough sample sizes to compare among.

Methods

How you will obtain the data necessary to evaluate your hypotheses
is as important to a reviewer as the pertinence of your questions.
Using established methods whenever they are appropriate will facil-
itate comparisons between your study and other related research
and will avoid the necessity of detailed explanalions. Standardized
methods or experimmental techniques should be described and fully
referenced. Any deviation or innovative methodology will require
detailed explanation, justification. and ofien evidence that you have
tested the suilability of the method. If vou have presented prelimi-
nary results from a pilel study, cither in the background section or
a separate section of vour proposal, you will need to explain any
deviations from the methods used previously. New or controversial
techniques are unlikely to impress a reviewer unless you can
demonsirate convincingly that they work.

Included in a proposal’s methods section should be information
about yvour study site or laboratory facilities. the duration of the
study, the unit of sampling (days, hours. minutes), and the number
of study subjects you will be sampling, It is not sufficient to say
that vou will collect systematic daia on all of the adult males and
females in your study group, or on all of the groups in your study
arca. How many males and females or groups will compose yvour
sample set? You may not know the precise answer to this question
if you lack prior experience or information about your study popu-
lation or area. Nonetheless, you can indicate what you will consider
to be a minimal sample size, and be prepared te justify why vou are
cenfident that your sample size criterion can be mei.

You will need to work closely with your advisor and olther expe-
rienced scientists to establish appropriate sample size require-
ments that will be possible to meet under your particular research
conditions and that will be sufficient to address your research
questions. One of the most common dilemmas that we have
encouniered in our own research and advising experience arises
from the need io choose between sampling many different individ-
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uals versus sampling few individuals, but each more intensively. If
toa few different individuals are included in a study, it will be diffi-
cult to evahiate how much variability exists among them. Con-
versely, if so many individuals are included that none can be sam-
pled with adequate frequency, it will be difficult to establish
individual patterns.

Furthermore, we recommend that you consult slatistics books
or advisors to confirm the sample sizes you will need for particular
analyses you intend io use. Experimental design is a distinct sub-
discipline within statistics, often with entire university courses
being devoted to the subjeci. Although this topic is actually just
the gquantitative aspects of experimental design, it is critical to
good research planning, Consider a very simple but realistic exam-
ple. You have reason to test the prediction thal a sex ratio in some
population of organisms is imbalanced. No matter what the out-
come, a sample of five individuals cannot establish two-tailed sta-
iistical significance of a difference: indeed, seven individuals of one
sex and one of the other is similarly not significant by a binomial
test. Considering the natural variation in any biological system,
sample sizes needed to evaluale a phenomenon with stalisticat
reliability are oilen much larger than beginners in science realize.
And if the phenomenon under study is complex, requiring multi-
variate staiistical evaluation such as analysis of variance. the min-
imally adequate sample size could be enormous.

Remember that you will need to explain how vou will obiain
data on each variable vou mention in your hypotheses. Predictions
from those hypotheses need to be stated explicitly in terms of data
lo be collected. Definitions of categories of different food types or
different types of aggressive behavior, for example. should be pre-
cisely stated. A detailed ethogram or coding system can be men-
tioned in the methods section with reference to a complete listing
provided in an appendix. If you also intend to examine seasonal
elfects on one or more variables, vou will need to describe how
these efiects will be measured, and if appropriate, what lype of
equipment you will use Lo aobtain these measurernents.

Consider some further questions. Will you be working alone or
with assistants? How will you control for inter-chserver reliability if
more than one person will be colleciing data? Will you require
preparation time to cut and map a trail system or (o habituate your
study subjects? How will individuals be marked or identiflied?
Anticipating these logistical considerations in your methods section
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will indicate that vou are fully prepared to conducl your proposed
study. Failure to describe these details will raise questions in a
reviewer's mind about whether vou have a realistic assessment of
what will be invelved in your study, and it may negatively affect an
asscssment of your study’s leasibility.

The methods section is also the place to describe how your
data will be analyzed. Reference to particular software programs
and statistical analyses is usually sufficient, but any complicated
or unusual analyses should be discussed in greater detail.

Include an agenda, or schedule of research, listing when or in
what sequence each phase of your project will occur. A schedule of
research will permit reviewers to evaluaie whether you have bud-
geted sullficient time to complete yvour proposed research. It may
be the final subsection of vour methods section, or a separate sec-
tion following methods.

Significance

The bedy of your proposal (background and hypothescs] will have
already explained the relevance of your study Lo your main objec-
tives. The significance section provides an cpporiunity to flag addi-
tional contributions that your study may make. Depending on
your research, these might range from the importance of your
study to conservation of an endangcred species or ecosystem, to
advances in technology that your methods will provide, to a muld-
faceted approach that will help 1o merge inferdisciplinary fields.
The significance section is usually no more than two paragraphs,
but despite its brevity, it demonsirates that you have considered
the broader implications ol vour study to science at large. A good
way to think about the significance of your study is to imagine
another propesal of comparable meril 1o vour own and explain
why your choice of study subjects or lecation or methods distin-
guishes vours.

Literature cited

Unlike journals and books, scientific proposal guidelines rarcly
specify the format for bibliographic material. Following the stan-
dardized format described in Chapter 3 will usually be adequate.
Literature cited in a scientific proposal is precisely thal: an alpha-
betical listing of the references vou cited in your proposal. Careful
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cross-checking between citations and refererices is as important in
a propesal as it is in a manuscript. (A way to do this checking
using computers is explained in Chapter 3.) Be sure lo take into
account any page limits to this section when vou are deciding how
extensively you will cite existing literature in your proposal.

Summary

The summary of a scienlific proposal is the equivalent of the
absiract of a research report (Chapter 3}, but there is a subtle dif-
ference. Proposal summarics become part of public archives and
are sometimes scrutinized by legislators or other nonscientists, a
pointl discussed later. Many funding agencies provide a separate
page with a defined space lor your summary. Other agencies, like
NSF, simply indicate a word limit. The summary will follow imme-
diately after the cover page of an NSF proposal, and thus is the
first part of your proposal that a reviewer will read.

A proposal summary encapsulates what you intend te accom-
plish over what duration and where. Like the abstract of a manu-
script, it should be written only after you have finalized the body of
yvour proposal. Repeating important sentences taken directly from
your proposal is a legitimate way to structure your summary, but
vou will probably need o go back and edit some of the sentences
so that they make sense in this contexl.

Because of potential nontechnical readers, proposal sum-
maries need to be prepared with special care. Try to avold saying
things that might seem silly or trivial to a general reader. A U.S.
Senator orice publicly ridiculed a funded propesal in the social sci-
crices because il seemed from the summary to be about the game
of tennis. In fact, it was a serious study of frusiration and angder as
expressed in a defined social context. so it proposed to use obser-
vatiens of lennis players as subjects. Perhaps more carelsl word-
ing of the summary would have helped prevent the public ridicule.
Studies of animals are especially pronc to misunderstanding. as
they often seem to the nonscientisi as somehow less scientific than
sludies of brain functicn, genetics. or ecosystem dynamics.

Budget and budget justification

National Science Foundation proposals have a separate budget
page included in their applicalion materials. Photocopy this pagde
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from the application pamphlet to use as a worksheel, and follow
the instructions for completing it carefully. The main categories in
a budget include: salaries for research personnel: research-related
travel; permanent equipment; materials and supplies; and indirect
cosis. You will need to assess carefully the expenses associated
with your research and provide an itemized explanation of cosis
within each category in an accompanying budget justification. The
NSF Disserlalion Improvement Grants have specified caps
($12.000 in 1996) and do not include indirect costs (discussed
later]. It is imporiant to verify (with the appropriale program direc-
tor] whether or not a new limit has been set. Regular research
grants do not have formal budgel limits, but funding agencies
oftenn cut a requested budget, so it is importanl (o think about
which items might be expendable il such cuts are recommended.

Salaries must be broken down by the number of paid person-
nel and their percentage contribution to the research. Graduate
students rarely receive salary to conduct their dissertation
research under an NSF Dissertation Improvement Grant, and fac-
ulty advisors never receive salary for their advising role in a stu-
dent’s research. Be sure that vou are fully informed about associ-
ated costs for any legitimaie salaries requested. In some coumniries,
for example., regisicred employees are legally entilled to vacation
wages: most university emplovees are cntitled to fringe benefits,
calculaled as a percentage of their time contribution to the
research and enforced by university research administrations. The
lag time belween writing your proposal’s budget and when you will
actually begin vour research may mean that you will have (o factor
in an estimated raise for your personnel for the following vear.
Many first-iime proposal writers are unaware of the various com-
penents that determine the rcal cost of personnel. These costs can
add up quickly, approaching the maximum funding obtainable
from an agency. It is wise lo be conservative and request salaries
or partial salaries only when absolutely necessary.

Research-related travel can include airfare or other modes of
travel between your home base and your field site or laboratory
facility. It can also include travel costs associated with supply
trips. Round-trip APEX airfares can be obtained from any travel
agency. Federal funding agencies have stricl requirements dictat-
ing the use of national air carriers, even if they are more expensive
than foreign ones. Be sure you obtain the appropriate price esti-
male fo include in your budget.
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Permanent equipment is defined as any single item costing
more than some criterion amount. Equipment might include such
essential things as computers for data collection or analyses, or a
vehicle. Universities may insist that such equipment be purchased
through their own vendors, so university purchasing departments
should be consulted for price listings and bidding procedures. Also
be aware that the dollar criterion for permanent equipment fixed
by a granting agency may differ from the definition of capital
equipment used by your institution, and that both kinds of criteri-
on values are changed from time to time (mainly to keep pace with
inflation). Knowing vour institution’s criterion for capital equip-
ment may become critical later, as it usually delermines which
purchases must be put out for competitive bidding 1o at least three
different potential vendors. Even if an exact item is written into
vour budget and the proposal is both approved by your institution
and funded by the agency, you may later have to endure a bidding
process that lypically requires 90 days.

Malerials and supplies include all olher expenses associated
with your research, Subsistence costs, excess baggage, field or lab-
oratory equipment, and analysis costs are usually included. Tt is
legitimate to include any malterials or supplies that you need for
your research that you would not otherwise require. You will need
to obtain current prices for each supply you intend to itemize (e.g..
Nikon 9 x 30 hinoculars, $xxx; ten rolls of Ektachrome 400 slide
[ilm @ $xxx + developing @ $xxx/roll}, and estimate those that you
will Jump together in your budget justificalion {miscellaneous sup-
plies including plastic bags, ahuninum nails, paper toweling, etc.).

Indirect costs are fixed by each universily to cover the adminis-
trative costs of vour research if it is funded. Public funding agen-
cies, like NSF, will send your grant monies to your university, and
you will need to submit requests for these funds as your needs
arise. Private funding agencies may be exempt from paying indirect
costs and may be willing to send vou a personal check. Be carefal
of such income, however, because it may be reported to the IRS as
taxable incorae and require itemized deductions. Indirect costs are
usually calculated as some percentage of your total budget request
and added to the final project costs. You should consult with your
university’s accounting office or research administration o deter-
mine whether you will need Lo include indirect costs in your bud-
get, and if so, whal they are.

To help guide you in your first budget and budget justification
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attempt, we include an example of a $12,000 NSF Dissertation
Improvement Grant budget for overseas research. A total of $2,290
was requested for travel, 34,210 for materials and supplies, and
85,500 for olher direcl costs. The travel justificaiion was as follows:
82,000 to pay for part of a round-trip APEX airfare; $190 1o pay for
two trips (at $50 each for transport and $45 each for lodging) to
consult with colleagues; and $100 for five supply and adnrinisira-
tive irips belween the field site and the nearest town. The budget
for materials and supplies included field notebooks, collecting vials,
binoculars and photographic equipmernt, plant press, metric scale,
and plastic storage bags. Each itemn was listed with quantity and
price in the budget justification. The other direcl cosls covered food
and lodging, indicaied i the justification at the per diem raie.

Other funding

The NSF and most other funding agencies will ask you to provide
informaltion about any other sources of funding you have already
secured or have requested (or intend to request) from other sources.
Only currenl. pending, and intended submissions should be listed.
You will also need to indicate whether any of these proposals have
overlapping budgets, and how vou plan to deal with the possibility
ol duplicale funds. You may have included airfare in your NSF bud-
get and also requested airfare from a departmental travel fund. If
both requests are successful, it may be possible 1o rebudget one air-
fare inlo another category. In the worst case. yvou lose the second
airfare, which presumably you did not need anyway.

Appendixes

Documentation to support your proposal, in¢luding copies of
research or collecting permits, collaborations, access o laboratory
facilities, and samples of your dala coding systemn or check sheels
can be included in the appendixes. Appendixes do not replace or
supplement the text of your proposal, and some funding agencies
have strict restrictions on conteril or prohibit appendixes altogeth-
er. Appendixes may be removed before yvour proposal is sent off for
review, s0 il is important that you include all essenttial information
in the body ol your proposal.

Most universities nowadays require approval of any research
involving animals, and will not forward or administer a proposal or
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study that has not been approved by an animal care committee.
Find out well in advance from your animal care commitice the
laws and regulations applicable to your proposed study. For exam-
ple. the Department of Agriculture sefs regulations on care of cap-
tive animals in the United States. and many individual states have
further laws. The Fish and Wildlife Service issues collecling per-
mits for wild animals, and the National Biological Service controls
the banding program for birds. Many professional socielies issue
their own guidelines for use of animals in research {for example,
the Dawkins and Gosling reference listed in the bibliography at the
end of this beok). When vou submit an acceptable experimental
prolocol, your animal care committee will supply a letler stating
thal your research conforms to national standards for animal wel-
[are. You will need such proof even if your study involves nonma-
nipulative observation of wild animals. Be sure to allow time for
your proposal to be processed.

Research in other couniries and at some American [acilities
such as National Parks require permiis. You will also need to verify
the permii requirements if you will be capturing, collecting, or
transporting any biclogical material {e.g., plant samples, live or
dead animals, blood, urine, or feces). Intemaiional transport of
biological materials may be subject to customs inspections before
departing from a host country and when yeou reenter the United
States. Check with the U.S. Depariment of Agriculiure concerning
import resirictions, and with the equivalent gevernment agency in
yvour host country. It is also wise to verify with your airline whether
transporting preservatives such as liquid nitrogen is permitted.
You may not be able to apply lor research permits in other coun-
tries until you have preof ol vour funding sources, A statement to
this effect in an appendix will demonstrate thal you are thinking
and planming ahead.

Table of contents

The NSF requires you to submil a table of conlents indicating
where each of the major items are located in your proposal. It is
usually the third page {p. iii) of your proposal’s fronl material, fol-
lowing the cover page (p. i) and the summary (p. ii). The guidclines
specify the sequence and page limils [or each component of the
proposal. The NSF requesls a curriculum vitac {¢.v.), limited 1o no
more than two pages, for each individual involved in the project.
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For Dissertation Improvement Grants, this usually means that you
and your advisor must prepare a condensed version of your c.v.’s
(Tips on writing a ¢.v. are covered in Chapter 5.

You will not be able to complete your table of contents until
you have completed the final version of your proposal and paginat-
ed it. Subheadings within the body of vour proposal should be lisi-
cd even if more than one subheading occurs on the same page.

The Submission Process

Once vou have completed your proposal and your adviser has
approved it, you will need to duplicate the required number of
copies, You may need additional copies 1o distribute to various uni-
versity offices that approve your budget and will administer the
funds and, of course, a copy for yoursell and ene for your advisor.
Express mail services provide greater security that vour proposal will
reach its destination by the deadline. Be sure to verify the address
and phone number of the agency. Furthermore, you must send {o a
sireet address because express carriers cannot deliver to P.O. boxes.
Most funding agencies will send an acknowledgment of receipt
of your proposal and any other supporting maicrials, such as let-
ters of recommendation, within a predetermined time period. The
NSF, which does not require letters of recommendation, may take
longer to acknowledge receipt of yvour proposal because of the num-
ber of proposals handled. ¥ you have not heard word that vour
submission has arrived. it may be worthwhile to phone the funding
agency to verify that it is being processed. Most funding agencies
have inflexible deadlines and will not accept overdue submissions.
The NSF reviews may take up to 6 months: other funding agen-
cies may be faster or slower in providing a response. There is little
you can do to speed up the review process for your proposal, and
repeated inquiries may unnecessarily irritate program officers. You
should, however, nolify your program officer of any changes in plans
or funding stalus that occur while your proposal is being considered.

The Review Process

Mostl funding agencies will send nolification that your proposal
has been received. Both NSF and NIH send cards with the program
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name and application number that veur propesal has been
assigned. The program officer responsible for shepherding your
proposal through the review process will send your proposal to
appropriale reviewers {or anonymous evaluations. Reviewers are
instructed to {real proposals as confidential documents not for dis-
tribution. You may suggest the names of possible reviewers or
individuals who may have conflicts of interest regarding your work
when you submit your proposal. The program officer, however, will
make the ultimate decision aboul who will review yvour proposal.

[n addition to these ad hoc reviewers, NSF and NIH proposals
arc also evaluated by two to three members of a panel that meets o
consider all requests for funding during the same submission cvcle.
Al these meetings, the ad hoc reviews and the reviews by panel
members are discussed, and a [unding priority decision is reached.
Within a few weeks of the panel meeting, the funding decision and
anonymous reviews of your proposal will be mailed to you.

If a fimding decision is positive, oflenfimes the program officer
will contact you to discuss possible or recommended revisions to
the budger. You may be asked to submit a revised budget page
hefore your grant can be officially approved. Program officers
rarely call applicanis with news of a negative funding decision.
However, most program officers are willing to discuss your reviews
and provide advice aboul whether a revised proposal should be
resubmitted to their panel. The program officer may reiferate con-
cerns raised in the reviews and provide more details on the panel
discussion of your proposal that will help vou to strengthen a
resubmission. Depending on your schedule, the status of other
grants you may have submitted elsewhere for the same study, and
the feedback you receive, vou may decide to revise and resubmit
your proposal for the next funding cycle, or wait to develop a new
or substantially diflerent study {or possible funding. Even if your
proposal is lunded, we encourage vou to consider carefully the
reviewers’ conmmments and incorporate any recommendations that
make sense into your actual study.

What to Do While Waiting for a Decision

Maiy researchers consider the interim between submission of a
propasal and notification of its funding status to be wasted “down
time,” but we think that this is an erroneous assumption. There
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are many lime-consuming preparations that can be initiated dur-
ing the wailing period, such as arranging purchase of supplies
that require funds once you have obtained them.

If you will be working in another country, use the waiting time
for preparations. Make sure that your passport will be valid for the
duration of your intended study. You may need to wait until you
have secured funding before applving for a research visa, but you
can obiain all necessary forms and complele them in advance.
Some countries require proof that you have been vaccinated
againsi particular diseases; if you will be working with wild ani-
mals vou might consider rabics and letanius vaccinations. Consult
your doctor about foreign travel. and make an appointment for a
complete medical exam prior to beginning yvour research. You
should have heallh insurancc in any case, and it is important to
verily that your current insurance policy will cover you during the
period and under the conditions of vour rescarch. Familiarize
yourseif with the policy’s limitations and Habilities so that you are
prepared in the event of an emergency. If you will be working in an
isolaled area, you should also begin lo assembic a medical kit that
includes a guide to self-administered first aid. Insect repellent, a
snake kit, antibiotics, and any prescription medicalion for allergies
should be included.

You may be required to notify vour universily if you will be oll-
campus for any length of time. Often this will changde your regis-
lration status and lower any fees you are required to pay. Obtain
the neccssary forms in advance sc that you can process them as
s00m as you know vour precise depariure date.

When vou developed vour budget vou will have discovered
where Lo purchase the supplies you will need. Assemble order
forms for each source, but be sure to verify the prices, including
carrier fees, at the time you are ready to make the purchase.

You should also alrcady have a good idea of what methods you
will be using in your study, but the wailing period is a good lime
to practice these methods and fine-tune them as much as possi-
ble. Do you know how lo use a compass, binoculars, or sound
recording equipment? Borrowing the equipment and testing vour
use of it on local birds or mammals will save you valuable uime
later on. Do vou have adequate experience mapping or quanlifying
vegetation? If not, oblain some training or practice now. Similarly,
if you have designed a check sheet or coding system for recording
behavioral observations, now is the time (o familiarize yvoursell
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with it. If your study involves observations of wild primates, a
combination of practice sampling sessions on the same or a relat-
ed species in a local zoo or on a locally cccurring species, such as
squirrels or birds, will help yvou train for your planned field study.
Such training will give you greater confidence when you begin
your actual research.





