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Science, technology, engineering, and mathematics (STEM) research refers to
experiments conducted to address problems in those fields that can be tested
using the scientific method. The scientific method is an inquiry process used to
systematically study, investigate, and to provide explanations for observed
phenomenon in the natural world. This method is used by STEM professionals to answer questions they have about important world problems and usually includes carefully orchestrating a situation that allows them to observe,
measure, and test their ideas (Valiela 2001). This “situation” is known as an
experiment. Most experiments include a hypothesis; a variable that can be
manipulated by the researcher; and variables that can be observed, measured,
calculated, and compared. When possible, these experiments are completed
in a controlled environment.

Learning Objectives
By the end of this chapter, you should be able to
1. identify resources that can be used to generate research ideas,
2. list possible research topics,
3. put preliminary research ideas into testable questions, and
4. apply safety and ethical issues to your own project ideas.
Note to the teacher: These objectives are restated in the form of questions at
the end of each chapter (e.g., see p. 11). The questions can be used to check
for understanding after the class has completed the chapter.
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The word data refers to the measurements and observations that
are collected as part of a research
project. The kinds of measurement
data commonly collected in STEM
fields are acidity/alkalinity, area,
circumference, density, electrical current/potential/resistance, force, growth
(time, weight, volume, length/width),
heat, humidity, light intensity, mass,
pressure, sound intensity, temperature,
time, velocity, volume, and weight.
Data can also be collected by
describing observations and using
words and photographs. In that
case, one asks, How does [something] look, smell, sound, feel, and
taste (when appropriate)? These
types of observations supplement
the measurements taken throughout the experiment. A combination
of measurements and descriptions
are listed to determine whether the
proposed idea of the experiment is
supported by the data.
You have probably taken many
science courses where the first chapter of your textbook presents the
scientific method. Have you ever
noticed that the “steps” in the scientific methods are rarely ever worded
in the exact same way? Why would
that be? Isn’t science supposed to be
about accuracy and step-by-step procedures? First you do this, then you
do that, so that you can collect this
and write about that. So here’s my
challenge to you: Do not think about
the scientific method as steps or
procedures that a scientist must complete before he or she gets answers to
the questions that were asked.

Key Terms
Data: The measurements and observations that
are collected as part of a research project, often a
combination of measurements and descriptions.
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Dependent variable: A dependent variable is what you
measure in the experiment and what is affected during
the experiment. The dependent variable responds to the
independent variable. It is called dependent because it
“depends” on the independent variable. In a scientific
experiment, you cannot have a dependent variable
without an independent variable. (Source: www.ncsu.
edu/labwrite/po/dependentvar.htm)
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Entity: The subject, specimen, or item that is
studied as part of a STEM research project.
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Experiment: The test conducted as a part of the
scientific method that includes a hypothesis; a variable
that can be manipulated by the researcher (independent
variable); and variables that can be observed, measured,
calculated, and compared (dependent variables).
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Independent variable: The variable you have control
over, what you can choose and manipulate. It is usually
what you think will affect the dependent variable. In
some cases, you may not be able to manipulate the
independent variable. It may be something that is
already there and is fixed or something you would like
to evaluate with respect to how it affects something
else. Example: You are interested in how stress affects
heart rate in humans. Your independent variable would
be the stress and the dependent variable would be the
heart rate. You can directly manipulate stress levels in
your human subjects and measure how those stress
levels change heart rate. (Source: www.ncsu.edu/
labwrite/po/independentvar.htm)

Scientific method: The scientific method is an inquiry
process used to systematically study, investigate, and
provide explanations for observed phenomenon in the
natural world.
STEM research: Experiments that test hypotheses in
science, technology, engineering, and/or mathematical
fields.
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Instead, think of the scientific method as doing your absolute best to
answer a question with the knowledge, skills, resources, and technology you
have available. Could someone else, with different skills and technology,
answer the same question in a different way? Absolutely. But this should not
keep you from answering it your way. Could it mean that your design will
be obsolete in a couple of years when new technology is available? You bet!
But this is no excuse for not doing what you can with what you have. This
also highlights the importance of STEM professionals sharing what they have
learned, both successes and failures, through journal articles and conference
presentations, so that everyone doing research in that area can benefit from
what each has learned.
Real research can be messy. Therefore, when I talk about the scientific
method, or the general research process, I use the word stages rather than
steps. The word step suggests each step is an equal distance from each other,
and that once you have reached the top step, you should be embarrassed to
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Stages of STEM Research
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Figure 1.1

Generating ideas:
What do I want to learn?
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Interpreting the data:
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Setting up and conducting
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have to go back to the first step. But in real science, this is exactly what happens. Learning, by its very nature, can lead us in many directions, and often,
it is in the moments when we have to go back and rethink or retest something
we previously studied that the best discoveries can be made.
While moving through the stages of the scientific research process, you
will soon learn that in scientific inquiry, the more you know, the more you
know you don’t know. That is, as you gain more insight to a problem, you
usually come out with more questions than you do answers. It is even possible that you do not answer the question you started out to answer but
another question entirely. And for most STEM professionals, the emergence
of new questions is celebrated, not frowned on. However, take heart. It is
likely that your teacher, who is overseeing your research project, wants to
help you develop a research study that is not too messy. So, as you get feedback from your teacher about possible modifications to your research design
(see Chapter 2), it probably is in your best interest to consider them.
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Generating Research Ideas
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More than likely, you are curious about various things, including things that
you have seen recently. Maybe it was something you saw in a movie, in the
news, or around your house or school. You wondered to yourself, I wonder
if that is really possible or I wonder if the same thing would have happened if….
Questions like these are the seeds of great research ideas. Thinking about
how the world functions, and how you might improve it, is at the heart of
STEM research. The first stage of generating a research idea is to determine
several entities you might be interested in studying. For the purposes of this
handbook, the term entity refers to the subject, specimen, or item that you will
study for your STEM research project.
Getting started on a research project often brings with it two different
dilemmas: Either students have no idea what they want to study or they have
a very specific idea of what it is that interests them. I’d like to warn you to stay
away from each extreme. It is best to have a general idea of what you want to
study—that way you can focus your research—but you will not be so narrow
in your thinking that you miss a great research opportunity.
This book doesn’t include a list of specific research ideas from which to
choose. There are plenty of other resources that contain research topics. However,
here are some general tips on how to generate a research topic:
•

4

Choose a topic that is interesting to you. Maybe there is a topic that
you have always wanted to know more about. You will be working
with this topic for a long time, so choose it carefully.
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