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Preface

Mymotivation for writing this book was to provide a text for new researchers
in ecology, giving a framework for understanding methodological issues, and
helping them to deWne and plan research. In the late 1980s I started teaching a
graduate course in research methods at the University of Washington. My
faculty colleagues were concerned that students were having diYculty writing
research plans. At the same time statistical consultants were spending much
time asking students to clarify their study objectives and logic of investigation
before statistical advice could be given. Discussions with colleagues at other
universities suggested that these were not unusual circumstances.
Problems with ecology and its methods are also encountered by established

researchers and there have been substantial criticisms of the subject and its
research methods. Concern has been expressed that there has been a lack of
progress in ecology, that no general theory has emerged, that ecological
concepts are inadequate, and that ecologists fail to test their theories (Chapter
16). While some of this criticism may be justiWed, the students’ needs
required me to look beyond it and seek ways of being constructive. This has
required making two distinctions that are fundamental to the way this book is
written.
The Wrst distinction is between methods of reasoning such as how we use

logic, construct a hypothesis and develop a theory, and techniques of investi-
gation, such as an experiment, or a survey, or constructing a simulation
model. Much of this book is about methods of reasoning for ecological
research and how they can best be used with particular techniques of investi-
gation. Analysis of methods of reasoning leads to answers to the question
‘‘How can wemake scientiWc inference in ecology?’’ Ecologists have tended to
deWne and answer this question in terms of what they actually do in their
work rather than the processes of reasoning they use.
The second distinction is between diVerent types of concept we use in

ecology. For some concepts we make measurements or observations but
others can be deWned only through abstract reasoning in the process of theory
construction. DiYculties with this latter type of concept arise in even the
most practical problems. For example, I have taught a number of students
involved in restoration ecology, sometimes applied to wetlands. Neither of
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these concepts have deWnitions that are simple, general and easy to apply
consistently to all particular cases. Government agencies who want restoration
may fund research to show how it could be done, but may not deWne precisely
what is required, or may deWne only certain aspects. Researchers writing grant
or contract proposals for this work must communicate with these agencies on
the agencies’ own terms and may set practical objectives and suggest methods
that are considered to be successful in other circumstances. DiYculties in
deWning precisely what would constitute restoration of a diVerent wetland in
new particular instances may become apparent only during detailed research
planning.
It is because of our diYculties with deWnitions, and so with the relationship

between general ecological theory and particular instances, that we have to be
precise about the methods of reasoning we use and how we make scientiWc
inference. Some ecologists have taken refuge from diYculties about method
by emphasizing the values of particular techniques of investigation, e.g.,
experiments are the key to successful research because they can be used to test
hypotheses, or in criteria about data, e.g., questions must be asked that can be
answered with a signiWcant P value. Such emphases and repeated application
of a particular research technique or approach can be a solution for the
individual scientist working in an established research program (see Chapter
11). But they imply that only certain types of question can be tackled. Faced
with a class of graduate students, all with interesting but diVerent types of
research, I found a more comprehensive approach was necessary.
This book deals Wrst with problems as they are most usually encountered

by beginning researchers and then progresses to wider issues in ecological
research and the consequences of social systems on the research process.
Section I presents techniques for conceptual and propositional analysis that
can be used to deWne a research question, develop statements deWning the
investigations to be made, and specify how they will answer the question.
Section I deWnes diVerent properties that measurements can have and de-
scribes the range of experiments used in ecology and the types of question for
which they are appropriate. Section I also deWnes the types of logic that
scientists use, particularly when falsiWcation is possible, the importance of
causal arguments, and why contrasts are so important. The requirement for
exploratory work to deWne an eVective statistical hypothesis test is described
and the distinction is made between statistical and scientiWc inference.
Research planning starts with analysis but it must also incorporate how a

comprehensive assessment will be made of work to be done. This leads to
Section II and deWning scientiWc inference, particularly for the types of
concept we use in ecology. The approach taken uses work from the philos-
ophy of science that has focused on deWning scientiWc explanation and its
assessment through developing explanatory coherence. Section II describes

xvi preface
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how scientiWc inference is developed and reWned by groups of scientists
working in research programs.
This book deWnes a methodology for ecological research in terms of

methods of reasoning and principles for applying them. The essential prin-
ciple is continuous application of just and eVective criticism. A consequence of
depending upon criticism is that explicit account must be taken of social
processes in research. These are discussed in Section III. Social studies of the
research process have advanced remarkably but scientists are sometimes
impatient with social analysis of their subject, or even angered if studies
suggest that what may actually be going on does not meet their ideal. But the
consequences of these Wndings, and the details they describe, illustrate how
diYcult it can be to achieve just and eVective criticism. Because we depend
upon abstract reasoning in ecology and can not assume that scientiWc ques-
tions can be resolved in a straightforward way by measurement, then we must
be explicit about use of criticism. The result of Section III is a four-stage
deWnition of the process of criticism.
Some experienced researchers have little patience with making a formal

description of the research process, believing strongly that research is best
taught by the student taking the role of apprentice in following their pro-
cedures and methods. After long practice, experienced researchers may Wnd
the logic of what to do next obvious and attempts to take a cautious and
reWning view of all the arguments can seem a waste of time, pedantic, or even
threatening. However, when you are at the outset of research, some of the
assumptions made by established researchers are not obvious and the process
described here can be helpful. This book does not suggest that the close
relationship between supervisor and student can be replaced. Far from it.
Such a relationship is essential. However, it is important to be explicit about
the diYculties that we all can have with ecological research.
In addition to being a text for new researchers this book, I hope, provides a

reference for deWnitions of terms and components of the debate over method
in ecology. As a subject develops and encounters new types of problem so too
must its methods evolve. Some critics of ecology have been led by their
criticism to suggest restrictions either in what the aims of the subject should
be or in the techniques of investigation that should be used. Themethodology
of Progressive Synthesis, deWned in Chapter 15, is not restrictive in either of
these ways. However, it does require that researchers be explicit in how they
deWne scientiWc inference and that they analyze carefully their ideals for what
research should achieve and how those ideals inXuence research.

xviipreface
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