Education

Catalyzing the transition from student to
scientist—a model for graduate research training

hether students enter

graduate school intent on

becoming ecologists, mo-

lecular biologists, or limnologists,
all have one thing in common: they
will emerge as what society calls sci-
entists. For this to be more than just
a title, students must develop the
disciplined, critically thinking, and
creative minds that are the hallmarks
of scientists. Although graduate
school is a continuation of the edu-
cation process, it differs markedly
from previous education. Under-
graduate students are rewarded for
their ability to parrot back what they
are required to study, with limited
call placed on their ability to work
independently or think creatively
(Volpe 1984)}. Graduate school, by
contrast, requires students to learn
new thought processes because a
premium is placed on the amount,
originality, and depth of thoughts
and on the ability to communicate
these thoughts in a manner that other
scientists can assimilate and evalu-
ate, Given the radical change in
scholastic environments, how do be-
ginning graduate students take the first
few steps toward becoming scientists?
We begin with a definition of sci-
ence. Webster’s Dictionary defines
science as “knowledge...obtained and
tested through scientific method.”
Therefore, a scientist must be a per-
son capable of generating new knowl-
edge through the application of the
scientific method. To generate
knowledge, a scientist must learn to
achieve an interplay among four
traits: curiosity, creativity, critical-
thinking abilities, and knowledge of
rigorous testing procedures, Curios-
ity supplies the scientist with knowl-
edge about the system being studied
{Figure 1). Knowledge serves as the
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raw material from which creativity
extracts and elaborates new ideas
about how the study system might
operate. Critical-thinking abilities
are filters through which ideas are
passed to assess their merit. The best
ideas become subject to rigorous test-
ing to determine their validity, and
the resulting knowledge is integrated
into the whole of scientific under-
standing. The entire process, from
curiosity to the generation of new
knowledge, is the scientific method.

For most graduate students, thesis
{or dissertation) research is their first
opportunity to apply the scientific
method. Because new graduate stu-
dents are inexperienced researchers,
graduate committees often require that
students prepare plans detailing the
research they will conduct. Previous
authors provide guidance about how
to prepare graduate research plans
(Stock 19885, Stearns 1987), but the
process warrants greater attention
because the preparation of a solid
research plan should serve as a mi-
crocosm of the scientific method. In
this article, we outline a step-by-step
model (Figure 2} for the development
of graduate research plans that explic-
itly incorporates the scientific method
and highlights the roles of curiosity,
creativity, critical thinking, and rigor-
ous testing in research design.

Step 1-—Thesis topic selection

Selecting a thesis topic is arguably
the most important step in develop-
ing a thesis. Selection of a poor topic
will preclude an outstanding thesis
from the outset, whereas selection of
a good topic increases the probabil-
ity of a significant contribution to
science and provides the student a
springboard into career development.
The student—advisor team begins the
topic selection process with general
discussions about potential thesis
topics. During these discussions, the

advisor’s task is to gauge the student’s
abilities and interests and to tailor
advice relative to the amount of cre-
ative freedom thar exists and is ex-
pected for the degree being sought.
To the extent practical, the advisor
guides the student constructively along
channels that follow his or her natural
curiosities. Pursuit of natural curiosi-
ties makes it more probable that the
student will begin thinking and work-
ing somewhat independently and
eventually find a fascinating thesis
topic. The importance of learning to
think and work independently is
obvious, but finding a thesis topic
that fascinates the student is equally
important because natural curiosity is
the engine driving the student through
2~4 years of work on the topic.
Students should undertake topic
selection by heeding the spirit of the
advice given by Stearns {1987) to
“read and think widely and exhaus-
tively for a year.” The goal early in
the selection of a thesis topic (or the
scientific method) is to acquire as
many relevant facts as possible (Fig-
ure 1). Students should start by ac-
quainting themselves with current
thought in their discipline. They
should seek out faculty members or
graduate students working in areas
of interest and guestion them about
what they feel is cutting-edge re-
search and which peer-reviewed jour-
nals they read. The library should
become a familiar setting as students
explore the primary literature, espe-
cially journals that are central to a
discipline. Reading works that played
important roles in shaping a disci-
pline can help students obtain a his-
torical perspective and understand
how current thought emerged. Im-
portant works can be identified ei-
ther by asking the opinions of others
or by noting references that are fre-
quently cited in bibliographies.
Classes or seminars focusing on the
hot topics within a discipline can
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Figure 1. Schematic of the scientific method and graduate research plan development.

also be good sources of ideas for
thesis topics if they cover areas of
natural curiosity for the student.

Useful information can also be
derived from more “hands-on” ex-
periences. Pilot studies can be used
to explore the feasibility of an idea
while acquainting students with
equipment. The development of field-
oriented projects can benefit from a
trip to a prospective study site, where
careful observation and visits with
local biologists or residents may pro-
vide insights into the biological sys-
tem being considered.

Asstudents accumulate facts, they
will occasionally make intuttive leaps
wherein they suddenly generate a
new idea or understand something
they had not previously. This is the
creative step, and it is vitally impor-
tant because it provides the new
thoughts that propel science forward.
If the student’s insight seems to be a
plausible research topic or simply a
useful idea, it should be immediately
recorded because new insights are
also the raw material that the stu-
dent-advisor team will eventually
develop into a thesis topic. But for
now, the student must be as creative
as possible and intuit numerous ideas
because only a fraction will warrant
further effort.

Creativity is a mysterious process,
but understanding how it functions
may increase the number of insights
that students generate. Dewey’s
{1933) analysis of the thinking pro-
cess suggests that creative insights
result from the interaction of three
factors: generating a strong desire to
solve a problem (in this context, com-
ing up with an idea for a thesis topic),
working toward a solution (in this
context, accumulating relevant facts),
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and allowing time for the subcon-
scious to sort through the informa-
tion and generate new ideas. When
creative insights do occur, they fre-
quently happen when the mind is not
consciously focused on the problem
(Beveridge 1961).

Once the creative process begins,
the student continues to fuel it
through continued acquisition of
knowledge, but creativity can now
be enhanced by exploring new ideas
in an interpersonal manner. The ad-
visor and graduate student can start
participating in brainstorming ses-
sions in which the student’s ideas are
discussed. Brainstorming sessions
offer numerous advantages. First, the
act of verbalizing ideas and getting
immediate feedback from another
person is a powerful tool for gen-
erating new ideas or elaborating exist-
ingideas; second, the advisor can chal-
lenge the student’s thinking in a
constructive way, thereby forcing the
student to think more clearly and
deeply about ideas; third, the advisor
will develop a greater awareness of the
student’s abilities, which will allow
the advisor to provide better advice;
and finally, advisors can use their
experience to highlight those ideas
that seem to have merit, Brainstorm-
ing sessions should lead to new or
improved ideas and help the student
identify which ideas should be fur-
ther developed.

Asideas for a thesis topic develop,
they are objectively assessed by siev-
ing them through a “critical-think-
ing filter” to extract the best ideas
(Figure 1). Much advice has been
given about what constitutes a
“good” thesis topic, and the stu-
dent-advisor team can use these sug-
gestions to assess their ideas. For

example, Lawton {1992) and Hunter
{1989) suggested that thesis topics
be selected based on the quality of
the underlying conceptual issues
rather than on narrow geopolitical
objectives, methodological concerns,
or species-specific considerations.
Therefore, the fact that no one has
calculated gastric evacuation rates of
the mule deer herd in a particular
mountain range or developed a tech-
nique to synthesize sea slug slime does
not in itself make these issues valid
thesis topics. Focusing on superficial
considerations encourages the student
to develop a shallow understanding of
science that translates to thesis work
bearing titles such as: “Use of tech-
nique A to measure trait B of species
C in state D.” As a result, scientific
understanding advances in small
steps rather than in bounds. Although
there is nothing inherently wrong
with developing a particular tech-
nigue or measuring a certain charac-
teristic of a species, these tasks should
be undertaken as outgrowths of
broader, more abstract considerations.

As an example, perhaps a student
reads about—or, better yet, creates a
plausible conceptualization of-—the
relationship between environmental
factors and attributes of mule deer
digestive systems across the range of
mule deer. Once available data are
summarized, it becomes apparent
that a key combination of environ-
mental factors exists in a certain
mountain range. Determination of
gastric evacuation rates from the deer
herd in the mountain range now be-
comes an important topic because
the combination of environmental
factors found at that locale may pro-
vide a synthetic understanding of
ungulate gastric systems. Similarly,
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nothing is wrong with a study devel-
oping a method to synthesize sea
slug slime if the work is conducted as
an outgrowth of the more concep-
tual aspects of a thesis. When placed
in proper context, methods studies
can become excellent complemen-
tary chapters in a thesis because they
ensure rigorous attention to detail in
the collection of data. Moreover, the
student-advisor team may benefit
from an additional publication.

Pollard (1992) suggests that the-
sis topics focus on problems that are
important to a discipline. Simply put,
if students want to make significant
contributions, their colleagues must
think that the problem being ad-
dressed is important. Bartholomew
(1982) stresses the importance of
originality, reasoning that there are
too many interesting questions wait-
ing to be addressed to repeat the
work of others and squander valu-
able resources. We echo this senti-
ment, except in cases where it is
necessary to replicate a study to con-
firm the validity of results. However,
replications should not constitute the-
sis topics; instead, they can be used
to provide students with introduc-
tions to equipment and methods.

Finally, practical considerations
must be taken into account when
selecting a thesis topic. A good thesis
topic should have growth potential
and facilitate career goals because
the topic will be the student’s spe-
cialty when the thesis is finished (Pol-
lard 1992). Stock (19835} suggests
that the match between research re-
quirements and the abilities and past
experiences of the student be consid-
ered. A thesis project requiring a
skill the student already possesses
will reduce the learning curve associ-
ated with a portion of the thesis
work, but the student will not have
the opportunity to develop new skills,
Of ultimate practicality is whether a
potential thesis topic is tractable
given time and money considerations.
Often, a potential topic is too broad
and must be narrowed.

Step 2—Scoping statement

Once the student-advisor team has
selected a thesis topic, the student
should write a scoping statement
saummarizing thoughts pertinent to
the thesis topic. A scoping statement
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Figure 2. Flow chart de-
picting an idealized process
of graduate research plan
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is useful in several re-
spects, First, writing such
a statement gives the stu-
dentan opportunity to de-
velop critical-thinking and
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writing skills because the
act of writing is a powerful
tool for ordering and clari-
fving thoughts (Woodford
1967). Second, the state-
ment makes the student’s
understanding of the re-
search topic cbvious, al-
lowing the advisor to
structure advice accord-
ingly. Third, the existence
of a document makes it
possible for others to as-
sess and constructively
criticize the thesis topic.
The scoping statement
need not be long, just long
enough to develop the ra-
tionale behind the thesis
topic.. A good statement
would introduce the the-
sis topic, describe under-
tying conceptual issues,
and establish the original-
ity and importance of the
proposed research. At this
point, it is important to
make distinctions between
logically discrete units of
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the research because these
distinictions will help fo-

Research Plan Compiete

cus later efforts to develop
the research. In a simple
case, a thesis might consist of two
units: one involving the development
of a new technique, and one that uses
the technique as a data-collection
method to address a broader gques-
tion. If the student experiences diffi-
culty discerning what constitutes
discrete units of the research, he or
she should seek the expertise of the
advisor.

After a draft of the scoping state-
ment is completed, the advisor should
review it and provide criticism. The
student then modifies the document
accordingly. Once both parties are
satisfied with the scoping statement,
comments can be obtained from com-
mittee members, graduate students,
or faculty members to ensure that a

wider audience detects no fundamen-
tal flaws in rhe thesis topic.

Step 3—Research plan draft

The ideas presented in the scoping
statement are developed in detail and
linked to specific predictions and meth-
ods in the research plan. The bedy of
the research plan should be prefaced
with the information from the scoping
statement to provide readers with an
overview and conceptual context for
the research. Students conducting field
studies should follow this overview
with descriptions of study-site compo-
nents that are relevant to the research,
such as characteristic flora or fauna,
climate information, present or his-
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toric land uses, natural disturbance
regimes, or underlying geologies. The
rest of the research plan should be
used to elaborate the discrete units
recognized in the scoping statement.

We suggest that each discrete unit
be developed as a chapter modeled
after a journal article, with introduc-
tory, prediction, and methods sec-
tions. Although the composition of
individual chapters will evolve as the
research proceeds, this evolution is
expedited when students remain ac-
tively immersed in research design,
as the thorough development of each
chapter requires. Furthermore, re-
search development becomes less
overwhelming when broken into a
series of well-defined pieces. Students
also gain valuable practice putting
thoughts into journal format, and
future extraction of chapters for pub-

lication or grant submissions will be

facilitated.

Introduction. Each chapter of the
research plan begins with an intro-
ductory section. A chapter introduc-
tton performs an important function
by defining the scope of a chapter
and giving direction to subsequent
sections in the chapter. The amount
of writing in the chapter introduc-
tion does not have to be exhaustive,
but the thinking going into the words
put on paper does. As the introduc-
tion is written, care should be taken
to ensure that each phrase and sen-
tence are concise and logically linked
and convey the necessary message.
Appropriate references should be
included in the text and cited accu-
rately. When integrating literature,
the student should attempt to syn-
thesize and express the work of oth-
ers in an original way rather than
simply summarizing.

In many regards, the process of
developing a chapter introduction is
simply a more specific and detailed
repetition of thesis topic develop-
ment. Facts are acquired as the stu-
dent conducts a thorough assessment
of the literature relevant to the chap-
ter topic. Creativity supplies new
ideas regarding voids in the current
knowledge base or how relevant facts
may fit together. Critical-thinking
skills are used to extract the best
ideas and present them logically and
accurately.

The completed introduction should
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be a seamless thread of logic that does
three things: establishes the impor-
tance of the topic for an informed
reader, provides a context for the
study by describing the status and
shortcomings of present knowledge,
and describes how the study will
supplement current knowledge (Pe-
ters 1991). For example, a paper
exploring the molecular basis of al-
gal cell lysis by bacteria (Kato et al.
1998) begins with a statement estab-
lishing the topic’s importance:

Harmful algal blooms cause severe
damage to aquacultured fishes and
shellfishes (Imai et al. 1995) and are
also responsible for killing other
marine organisms (Sieburth 1979).

The status of current knowledge is
then assessed through a brief litera-
ture review. Knowledge voids that
the current research is designed to
fill are noted:

Although the mechanisms of algal
bloom outbreaks is [sic] not clearly
understood, the alga-lytic activities
of bacteria may be a useful factor
for controlling excess growth of
marine algae in nature (Burnham et
al. 1981). Algal lysis by bacteria
may be brought about by the pro-
duction of extracellular products
{Fukami et al. 1992} or cell-to-cell
contact mechanisms (Sakata 1990,
Mitsutani et al. 1992). However,
virtually nothing is known about
the mechanisms of algal cell lysis at
the molecular level.

The introduction ends with an ex-
planation of how the research will
fill this knowledge void:

In this paper, we describe the iso-
lation of cryptic indigenous plas-
mids from Alteromonas sp. strains
which are able to lyse the diatom
Skeletonema costatum.

Predictions. A series of predictions
related to the chapter topic follows
the chapter introduction, but before
the reasoning behind predictions can
make sense, the student must under-
stand the concept of a hypothesis.
Scientists use the term “hypothesis”
to describe the abstract conceptuali-
zation underlying a research topic
{or chapter topic). In more concrete
terms, a hypothesis defines the ele-
ments composing the system being
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studied and describes how system
elements interact. For example, many
species of wild animals are thought
to exhibit metapopulation structure
(Hanski and Gilpin 1997).In a meta-
population, a series of discrete popu-
lations are connected by the occa-
sional movements of individuals
among populations. Interactions
among populations result in the per-
sistence of many species that would
otherwise be extirpated. In this
conceptualization, system elements
include each of the populations, the
individuals within the populations,
and the movement corridors con-
necting populations. The movement
of individuals among populations
constitutes interaction between sys-
tem elements.

Despite data suggesting that the
concept of a metapopulation or nu-
merous other hypotheses are valid,
hypotheses are still abstractions of
reality: No one will ever actually see
or otherwise experience a meta-
population. This situation results in
two questions: Why are hypotheses
important? How can an abstraction
such as a hypothesis be studied?
Hypotheses are important because
they plausibly synthesize the facts
relevant to particular systems and,
in so doing, largely define systems
and how they are studied. Before the
metapopulation hypothesis, biolo-
gists envisioned populations as dis-
crete entities and focused most of
their attention on measuring within-
population attributes, such as the
birth, death, and growth rates of
individuals; they ignored or thought
irrelevant the processes that occurred
among populations. Once the meta-
population hypothesis was devel-
oped, wild populations of animals
were studied differently because at-
tention was focused on processes
occurring among populations, such
as immigration and emigration.

The answer to the second ques-
tion lies in the use of predictions.
Hypotheses may be ethereal entities,
but they are systems composed of
tangible elements that interact in
observable ways. By using hypotheti-
cal understanding to make a series of
insightful and measurable predictions
about how system elements interact
and then testing the correctness of
these predictions, it is possible to draw
inferences about the accuracy of hy-
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potheses. Thus, predictions serve two
purposes: They form a bridge be-
tween the abstract and concrete, and
they make explicit the attributes of
the study system that are important
to measure. As a result, appropriate
methods can be selected and ideas
tested rigorously (Figure 1).

In addition to yielding helpful in-
sights, good predictions are specific
and testable (Stock 1985). Predict-
ing that “The DNA of bacterial spe-
cies will differ between species” is
not a good prediction because it does
nothing to focus research efforts (i.c.,
are all species of bacteria being tested?
Which genetic characteristics will be
examined, and how will they be as-
sessed?). Furthermore, the prediction
is not testable because it is already
true {(i.e., the DNA of every organ-
ism differs at some level of genetic
analysis). A better prediction would
be, “Allele a frequency at the PGI-2
loci of bacterial species A will be half
that of bacterial species B.” Because
this prediction is not already known
to be true, it can be tested and the
results of the tests used to draw in-
ferences about the hypothesis under
consideration. With the second pre-
diction, efforts are focused on two
bacterial species and on specific ge-
netic characteristics, both of which
limit the number of possible methods
to those providing information about
bacterial allele frequencies. Once in-
troductions and associated predictions
are completed, comments should again
be solicited from others and the re-
search further refined before time is
spent designing methodologies.

Methods. The methods that will be
used to test the stated predictions are
described in the final section in each
chapter. The methods section contains
enough detail that a knowledgeable
reader could replicate the study. It is
useful to split the methods section into
two subsections, one describing how
data will be coliected and one de-
scribing how data will be analyzed.

Data collection. Study-system at-
tributes (hereafter referred to as vari-
ables) that must be measured are
specified in the series of predictions
associated with a chapter. Fre-
quently, more than one method can
be used to obtain data on each vari-
able of interest. Fach method has
strengths and weaknesses, often
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documented in the primary litera-
ture, that must be critically evalu-
ated before the most appropriate
method can be chosen. To help dis-
criminate among methods, answers
to the following questions should be
sought: What is the quality of data
derived from each method? How
costly, with respect to both time and
money, is each method? What as-
sumptions are associated with each
method? Can assumptions be met or
violations minimized? Occasionally,
the answer to one question (e.g.,
how costly is it?) overrides all other
considerations, but often the answer
is not clear-cut, and the above ques-
tions should be used to select the
most appropriate method.

Data analysis. Data analysis meth-
ods are used to objectively describe
patterns in data sets so that the accu-
racy of predictions can be assessed.
Beginning researchers often neglect
data analysis considerations until
after data have been collected. Such
an approach is a mistake, however,
because knowing which analysis meth-
ods will be used can increase the effi-
ciency of data collection and the sub-
sequent quality of resuits, For example,
if ANOVA or regression will be used
to analyze data, a power analysis can
often be conducted before data are
collected (Cohen 1988}). A power
analysis tells the researcher exactly
how much data are needed, making
it possible to avoid collecting too
much or too little data. Similarly,
when using regression analyses it is
often desirable to obtain data that
are spaced as evenly as possible over
a wide range so that the relationship
between variables is characterized
accurately (Neter et al. 1989). Com-
parable considerations apply to ali
data analysis methods, and knowl-
edge of each method’s nuances should
lead to critical evaluation and fur-
ther modification of data collection
methods until the most efficient study
design is achieved.

Step 4-——Peer review

Once the research plan draft is com-
pleted, it will benefit from extensive
peer review., The peer-review pro-
cess should always begin with the
advisor. After the advisor’s concerns
are addressed, criticism can be sought
by presenting the research plan at an

informal seminar, sending the plan
to experts in the discipline, or dis-
tributing the plan tc committee mem-
bers, other faculty, or interested
graduate students. We have obtained
excellent results from brainstorming
sessions held among smail groups of
graduate students and faculty famil-
iar with a research plan. The relaxed
atmosphere lends itself to detailed
lines of questioning, and the free
exchange of ideas often exposes new
opportunities or previously over-
looked weaknesses. After obtaining
criticism, the student-advisor team
should critically assess the comments
received and identify valid criticisms.
If peer review suggests that the re-
search is insufficiently developed or
contains serious flaws, another it-
eration of research plan development
should be conducted (Figure 2).

Step 5—Data collection

Initial data collection efforts are an
exploratory process as the student
develops familiarity with method-
ologies and equipment. The student
should anticipate this process and
prepare for data collection by con-
ducting practice runs before attempt-
ing to collect meaningful data. Once
a routine has been established, how-
ever, the process of data collection
often leads to creative insights as the
subconscious works to make con-
nections between what is actually
being observed and what hypotheti-
cal understanding suggests should
be observed. As noted earlier, cre-
ative insights and associated thoughts
should be recorded because they may
later prove valuable in the evolution
of the student’s research.

Step 6—Data analysis

In most graduate research projects,
data are collected through a series of
laboratory experiments or field stud-
ies. Breaks between data collection
efforts should be used to refine and
intelligently redirect research. Ex-
ploratory data analyses can be con-
ducted to describe patterns present
in initial data. It often happens that
predicted patterns do not exist or
unexpected patterns are detected. In
all cases, the student—advisor team
should discuss the implications of
preliminary results and brainstorm
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to determine options that exist. Cer-
tain avenues of the planned research
may no longer be tenable, whereas
previously unanticipated dimensions
may unfold. If preliminary results
suggest major research revisions,
another iteration of research plan
development is conducted.

Conclusion

Qur goal in this article has been to
provide advisors and beginning gradu-
ate students with a model of gradu-
ate research training that helps cata-
lyze the transition of students into
scientists. Although hopefully pro-
viding utility, the model should be
viewed as a simple but flexible tem-
plate. As experienced scientists know,
the process of research design is de-
cidedly nonlinear, characterized by
complex interactions, and closely
akin to an art. This complexity is
difficult to portray in a coherent
fashion, and it will become apparent
to beginning researchers only as they
develop intimacy with their research.
In addition, our model is unlikely to
have universal appeal, given the id-
iosyncrasies of various disciplines
within the biological sciences and
the personal preferences of individu-
als. We find the mode! useful, how-
ever, even in creatively constraining
situations, in which students agree
to work on projects for which grant
funding has already been obtained.
Similarly, the model has proven ap-
plicable to students with a wide range
of abilities and working at both the
Master’s and PhD levels. It is here
that the role of the advisor becomes
pivotal because advice must be tai-
lored to ensure that the student gains
an understanding of science while
developing a thesis topic of appro-
priate scope and substance for the
degree being sought.

Whatever the setting, several com-
ponents of our model should become
ubiquitous parts of graduate research
within the biological sciences. Pro-
posed thesis research should be de-
scribed in detailed research plans. The
development of research plans gives
students much-needed opportunities
to practice critical-thinking and writ-
ing skills. But more important, stu-
dents become actively immersed in
their research, with the result being a
continuation of creative insight gen-
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eration and honing of the critical-
thinking skills needed to fully refine
the research. Peer review should be
an integral part of research plan de-
velopment. Only by addressing diffi-
cult questions before data are col-
lected can research design be
improved and the quality of research
ensured. In addition, exposing stu-
dents to the review process early in
their graduate careers accustoms them
to receiving criticism and provides a
strong incentive to develop defensible
answers to criticisms of the research.
Finally, the scientific method should
be an explicit theme in graduate re-
search. Thesis research often suffers
because beginning researchers donot
understand the application of the
scientific method well enough to per-
ceive the role it should play at each
stage of research design. Inexperi-
ence can be quickly overcome, how-
ever, if advisors emphasize the roles
of curiosity in acquiring new facts,
creativity in generating new ideas,
and critical thinking in refining ideas,
as well as the interplay that occurs
among hypothetical understanding,
predictions, and methods.
Development of a solid research
plan is a time-consuming and involved
task, but doing good science is not a
trivial task. For most graduate stu-
dents, however, a major hurdle had
been cleared once the research plan is
completed. The scope of the thesis has
been narrowed from an amorphous
mass of possibilities to a well-refined
and tractable research topic. With littie
additional effort, portions of the re-
search plan can be appropriately for-
matted and submitted as grant pro-
posals, or individual chapters can be
finished (as dara collection efforts
become complete) and presented at
scientific meetings or submitted for
journal publication well ahead of a
thesis defense. At this point, stu-
dents can go as far as their minds will
take them because, similar to the
metamorphosis that occurred as dis-
parate thoughts and ideas were forged
into research plans, students have
transformed themselves into critically
thinking and creative individuals who
have earned the title of scientist.
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