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INTRODUCTIONTO
SCIENTIFIC THINKING

LEARNING OBJECTIVES

After reading this chapter, you should be able to

1.1  Define science and the scientific method.

1.2 Describe six steps for engaging in the scientific method.

1.3 Describe five nonscientific methods of acquiring knowledge.
1.4  Identify the four goals of science.

1.5  Distinguish between basic and applied research and between quantitative and

qualitative research.

1.6  Delineate science from pseudoscience.

Are you curious about the world around you? Do you'think that seeing is believing? When
something seems too good to be true, are you critical of the claims? If you answered yes to
any of these questions, the next step in your quest for knowledge is to learn about the meth-
ods used to understand events and behaviors—specifically, the methods used by scientists.
Much of what you think you know is based on the methods that scientists use to answer
questions.

For example, on a typical morning you may eat breakfast because it is “the most important
meal of the day.” If you drive to school, you may put away your cell phone because “it is unsafe
to use cell phones while driving.” At school you may attend an exam review session because “stu-
dents are twice as likely to do well if they attend the session.” In your downtime you may watch
commercials or read articles that make sensational claims like “scientifically tested” and “clini-
cally proven.” At night you may get your “recommended 8 hours of sleep” so that you have the
energy you need to start a new day. All of these decisions and experiences are related in one way
or another to the science of human behavior.

This book reveals the scientific process, which will allow you to be a more critical con-
sumer of knowledge, inasmuch as you will be able to critically review the methods that lead
to the claims you come across each day. Understanding the various strengths and limitations
of using science can empower you to make educated decisions and confidently negotiate the
many supposed truths in nature. The idea here is that you do not need to be a scientist to
appreciate what you learn in this book. Science is all around you—for this reason, being a
critical consumer of the information you come across each day is useful and necessary across
professions.
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SCIENCE AS A METHOD OF KNOWING

LEARNING OBJECTIVE

1.1  Define science and the scientific method.

This book is a formal introduction to the scientific method. Science is one way of knowing about
the world. The word science comes from the Latin scientia, meaning knowledge. From a broad
view, science is any systematic method of acquiring knowledge apart from ignorance. From a
stricter view, though, science is specifically the acquisition of knowledge using the scientific
method, also called the research method.

To use the scientific method, we make observations that can be measured. An observation
can be direct or indirect. For example, we can directly observe the number of students enrolled
in a school from one academic year to another. We can also observe how well a student at a school
performs on a test by counting the number of correct answers on the test. However, learning,
for example, cannot be directly observed. We cannot “see” learning. Instead, we can indirectly
observe learning by administering tests of knowledge before and after instruction or by record-
ing the number of correct responses when applying the knowledge to a new situation. In both
cases, we indirectly observe learning by defining how we structured our observations to “see”
learning. Likewise, consider many other commonly studied behaviors, such as love, resilience,
creativity, and loyalty; all of these behaviors must be defined in terms of how we structured our
observations to indirectly observe them. Hence; we can make direct observations or we can make
indirect observations by defining how we precisely measure a given behavior.

The scientific method requires the use of systematic techniques, many of which are intro-
duced and discussed in this book. Each method or design comes with a specific set of assump-
tions and rules that make it scientific. Think of this as a game. A game, such as a card game or
sport, only makes sense if players follow the rules. The rules, in essence, define the game. The
scientific method is very much the same. It is defined by rules that scientists must follow, and
this book is largely written to identify those rules for engaging in science. To begin this chapter,
we introduce the scientific method and then introduce other nonscientific ways of knowing to
distinguish-them from the scientific method.

LEARNING CHECK 1.1

1. Scienceis
a. the easiest way of knowing about the world.

b. the only way of knowing about the world.
c. one way of knowing about the world.

2. Ascientist records how much a person consumes by recording the calories consumed in
ameal. They record the person’s hunger by asking the person to rate their hunger on a
scale ranging from 1 (not hungry at all) to 5 (very hungry). Identify the indirect measure in
this study.

a. Hungerisindirectly measured using a scale ranging from 1 to 5.

b. Hungerisindirectly measured by recording calories consumed in a meal.

¢. Amount consumed is indirectly measured using a scale ranging from 1 to 5.

d. Amount consumed is indirectly measured by recording calories consumed in a meal.
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3. True or false (enter T for true or F for false). The scientific method requires the use of
systematic techniques that have a specific set of assumptions and rules that make it
scientific.

Answers

WN =
= > O

THE SCIENTIFIC METHOD

LEARNING OBJECTIVE

1.2 Describe six steps for engaging in the scientific method.

To engage in the scientific method, we need to organize the process we use to acquire knowledge.
This section provides an overview of the process. The remainder of this book elaborates on the
details of the process. The scientific method is composed of six general steps, which are shown in
Figure 1.1. The steps are the following:

Identify a problem

Develop a research plan
Conduct the study

Analyze and evaluate the data
Communicate the results

Generate more new ideas

Step 1: Identify a Problem

The research process begins when you identify the problem to be investigated, or a problem
that can be resolved in some way by making observations. For example, prior work has shown a
surprising relationship: The more that young adults use alcohol, the more they engage in exer-
cise behavior (Abrantes et al., 2017; Henderson et al., 2023). Based on this work, Abrantes et
al. (2017) evaluated possible reasons why this relationship exists among college students. For
example, Abrantes and colleagues tested whether students who drink more also tend to exercise
more, supposedly to compensate or offset for the calories consumed from drinking alcohol. They
investigated this relationship by observing students and recording their exercise, drinking pat-
terns, and their reasons for alcohol use.

In Step 1, we determine what to observe in a way that will allow us to answer questions
about the problem we are investigating. In the behavioral sciences, we often investigate prob-
lems related to human behavior (e.g., drug abuse; diet and health factors; social, moral, politi-
cal views), animal behavior (e.g., mating, predation, conditioning, foraging), or processes and
mechanisms of behavior (e.g., cognition, learning and memory, consciousness, perceptions).

Step 1 is discussed in greater detail in Chapter 2.
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FIGURE1.1 M The Six Steps of the Scientific Method
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3. Identify new ideas in your area of

interest.
4. Develop a research hypothesis.

Analyze and evaluate
the data

1. Analyze and evaluate the data as

2. Summarize data and research
results.
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(1) Determine an Area of Interest

The scientific process can take anywhere from a few days to a few years to complete, so it is
important to select a topic of research that interests you. Certainly, you can identify one or more
human behaviors that interest you.

(2) Review the Literature

The literature refers to the full database of scientific articles, most of which are now accessible
using online search engines. Reviewing the scientific literature is important because it allows you
to identify what is known and what can still be learned about the behavior of interest to you. It

will be difficult to identify a problem without first reviewing the literature.

(3) Identify New Ideasin Your Area of Interest

Reviewing the literature allows you to identify new ideas that can be tested using the scientific
method. The new ideas can then be restated as predictions or expectations based on what'is
known. For example, below are two outcomes identified in a literature review. From these out-
comes we then identify a new (or novel) idea that is given as a statement of prediction; called a

research hypothesis:

Scientific Outcome I: Toy premiums linked to food purchases, such as free toys or collect-
ables, enhance food purchases among children (Jenkin etal., 2014).

Scientific Outcome 2: Offering “meal plus free toy” deals to children is associated with a
greater frequency of eating fast foods (Emond et al., 2016).

Research hypothesis: Offering “meal plus free toy” deals for healthier meal options to young
children will increase the percentage of children choosing healthier meals.

(4) DevelopaResearch Hypothesis

The research hypothesis is a specific, testable claim or prediction about what you expect to observe
given a set of circumstances. We identified the research hypothesis that offering “meal plus free
toy” deals for healthier meal options to young children will increase the percentage of children
choosing healthier meals. This hypothesis is similar to one tested by Dixon and colleagues (2017),
which we will revisit at the end of this section. Note that the research hypothesis we stated is
derived from findings in the previous literature. It is important, particularly in science, to build
upon (not simply repeat) previous knowledge. Reviewing the literature allows us to identify what

we know and build upon that to state research hypotheses that can generate new knowledge.

Step 2: Develop a Research Plan

Once a research hypothesis is stated, we need a plan to test that hypothesis. The development of a
research plan, or a strategy for testing a research hypothesis, is needed to be able to complete Steps
3'and 4 of the scientific process. The chapters in Sections IL, III, and IV of this book discuss Steps
2 to 4 in greater detail. Here, we develop a research plan so that we can determine whether our

hypothesis is likely to be correct or incorrect.

(1) Define the Variables Being Tested

A variable, or any value that can change or vary across observations, is typically measured as a
number in science. The initial task in developing a research plan is to define or 9perationalize each

variable stated in a research hypothesis in terms of how each variable is measured. The resulting
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8 Part| ® Scientific Inquiry

definition is called an operational definition. For example, we can define the variable identified
in the research hypothesis we developed: Offering “meal plus free toy” deals for healthier meal
options to young children will increase the percentage of children choosing healthier meals.

In our research hypothesis, we state that the percentage of choices for a healthier meal option
will increase if a “meal plus toy” deal is offered. The term choice, however, is a decision made
when given two or more options. We need to measure this phenomenon in such a way that it
is numeric and others could also observe or measure choice in the same way. How we measure
choice will be the operational definition we use. For our prediction, we have operationalized
choice as a percentage: the percentage of children choosing a healthier food option with versus
without offering a “meal plus toy” deal.

We could define or operationalize choice in other ways, such as a count (i.e.; the number of
healthier food options chosen). However, in our study, we define this as a percentage (of children
choosing a healthier food option). We typically state one operational definition for a variable.
In our example, then, we define choice as a percentage. The critical part of stating operational
definitions is to disclose how exactly we objectively measured a behavior numerically, such that
another researcher could replicate our measurements. The operational definition we use can
often influence the type of study we conduct in Step 3.

MAKING SENSE—OBSERVATION AS A CRITERION
FOR BEING “SCIENTIFIC”

In science, only observable behaviors and events can be tested using the scientific method.
Figure 1.2 shows the steps to determine whether a phenomenon can be tested using the scien-
tific method. Notice in the figure that we must be able to observe and measure behaviors and
events. Behaviors and events of interest (such as choice for a meal) must be observable because

FIGURE 1.2 M A Decision Tree for Identifying Scientific Variables

Identify a behavior or event
of interest.

Y

Can the behavior or

event be directly or
No indirectly observed? Yes
Y Y
Not scientific. Can the behavior or
event be measured?
No Yes
Y Y
Not scientific. Operationally define

the behavior or event.

A behavior or event must be observable and measurable to be tested using the scientific method.
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Chapter 1 ® Introduction to Scientific Thinking 9

we must make observations to conduct the study (Step 3). Behaviors and events must be mea-
surable because we must analyze the observations we make in a study (Step 4]—and to analyze
observations, we must have defined the specific way in which we measured those observations.

The scientific method provides a systematic way to test the claims of researchers by
limiting science to only phenomena that can be observed and measured. In this way, we can
ensure that the behaviors and events we study truly exist and can be observed or measured
by others in the same way we observed them by defining our observations operationally.

(2) Identify Participants or Subjects and Determine How to Sample Them

Next, we need to consider the population of interest, which is the group that is the subject of our
hypothesis. A population can be any group of interest. In our research hypothesis, we identify.
young children. We should define further what young children refers to here. In our example, let
us define the age range as preteen between the ages of 5 and 12 years (school-aged), which is the
typical age of children observed in such studies. The population of interest to us, then, is school-
aged children between the ages of 5 and 12 years.

Of course, we cannot readily observe every 5- to 12-year-old child. For this reason, we need
to identify a sample of 5- to 12-year-old children whom we will actually observe or have access to
study in our study. A sample is a subset or portion of individuals selected from the larger group
of interest. Observing samples instead of entire populations is more realistic and more economi-
cal—it generally requires less time, less money, and fewer resources than observing an entire pop-
ulation. Concomitantly, most scientific research is conducted with samples and not populations.

There are many strategies used to appropriately select samples, as is introduced in Chapter 5.

(3) SelectaResearch Strategy and Design

After defining the variables and determining the type of sample for the research study, we need a
plan to test the research hypothesis. The plan we use will largely depend on how we defined the
variable being measured. For our example, let us develop a research plan for our operational defi-

nition of choice: The percentage of children choosing a healthier food option with versus without

offering a “meal plus toy” deal. Table 1.1 illustrates the research plan using this operational

TABLE1.1 W eloping a Research Plan to Test the Hypothesis

Research Plan

(measuring the percentage of choices made)

Young children are shown two meal options: one that does and one that does not offer a toy deal for the healthier meal. The groups,
measurements, and prediction for the hypothesis being tested are

Groups: No Toy Deal Group: Children choose between a Healthier Meal Plus Toy Deal Group: Children choose
healthier and less healthy meal where both meals between a healthier and less healthy meal where
do not offer a toy deal. only the healthier meal offers a toy deal.

Measurements: Operational definition for choice: The percentage of children choosing a healthier food option with versus

without offering a “meal plus toy” deal.

Prediction from research A higher percentage of children will choose a healthier meal compared to a less healthy meal if the healthier
hypothesis: meal offers a “meal plus toy” deal.

Aresearch plan with two groups using percentages as the operational definition for choice. The type of research design we implement influences how
the dependent variable will be defined and measured.
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10 Part| ® Scientific Inquiry

definition. To structure a study to test our hypothesis, we need to compare choices for healthier
meals that offer versus do not offer a toy deal.

Using our operational definition, we predict that a higher percentage of children will choose
a healthier meal compared to a less healthy meal if the healthier meal includes a toy deal offer.
To test this prediction, we set up a two-group design in which we record the number of children
choosing a healthier or less healthy meal in one group that offers no toy deal for either meal
(Group No Toy Deal) and in another group where the healthier meal option offers a toy deal
(Group Healthier Meal Plus Toy Deal). We then compare the percentage of children choos-
ing the healthier meal with versus without the toy deal offer. Selecting an appropriate research
strategy and design is important; nearly half of the chapters in this book (Chapters 6 to 13) are
devoted to describing this step.

(4) Evaluate Ethics and Obtain Institutional Approval to Conduct Research

Although a research design can be used to test a hypothesis, it is always important to consider
how you plan to treat participants in a research study. It is not acceptable to use unethical pro-
cedures to test a hypothesis. For example, we cannot force children to choose any foods. Hence,
participation in a study must be voluntary. Because the ethical treatment of participants can
often be difficult to assess, research institutions have created ethics committees to which a
researcher submits a proposal that describes how participants will be treated in a study. Upon
approval from such a committee, a researcher can then conduct their study. Because ethics is so
important to the research process, this topic is covered in the Engaging With Ethics sections in

subsequent chapters, and it is also specifically described in detail in Chapter 3.

Step 3: Conduct the Study

The goal of Step 3 is to execute a research plan by conducting the study. In Step 2, we developed a
plan to conduct a study to test our hypothesis, same as illustrated in Table 1.1. Thus, in Step 3 we
execute the research plan outlined in Table 1.1. Using this plan, we would select a sample of school-
aged children between the ages of 5 and 12 years, assign them to one of two groups where we ask
them to make a choice between a healthier and a less healthy meal, and record the choices made in

each group to compare differences between the groups. By doing so, we have conducted the study.

Step 4: AnalyZe and Evaluate the Data
(1) "Analyze and Evaluate the Data as They Relate to the Research Hypothesis

Data are typically analyzed in numeric units, such as recording the percentage of children in
each group choosing the healthier versus the less healthy meal. In Step 4, we analyze the data to
specifically determine whether the pattern of data we observed in our study shows support for
the prediction made by our research hypothesis. In our research plan, we start by assuming that
there is 0 difference between the groups. We conducted the study to record data that can test this
assumption. This is similar to a criminal courtroom where we begin by assuming the defendant
(the accused individual) is innocent; we then conduct a trial to present evidence that can chal-
lenge/test this assumption. To make a test for our research study, we make use of statistics, which
is introduced throughout this book to provide a more comprehensive understanding of how

researchers make decisions using the scientific method.

(2) Summarize Dataand Reportthe Research Results

Once the data are evaluated and analyzed, we need to concisely report them. Data are often

reported in tables, or graphically as shown in Figure 1.3. Also, statistical outcomes are reported
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by specifically using guidelines identified by the American Psychological Association (APA).
The exposition of data and the reporting of statistical analyses are specifically described in
Chapters 14 and 15 and throughout the book beginning in Chapter 5.

FIGURE 1.3 M A Portion of the Results Reported by Dixon et al. (2017)

90% 7
80% T
70% A
60% -
50%
40% -
30% -
20% -
10% -

0% -

% Selecting Meal

No Toy Deal Healthier Meal Plus Toy Deal
Toy Offer Group

Il Less Healthy Il Healthier

Offering a toy deal with a healthier meal increases the percentage of children choosing a healthier meal com-
pared to a condition in which no toy deal was offered. These results are adapted from those reported by Dixon et
al. (2017).

Step 5: Communicate the Results

To share the results of a study, we must decide how to make our work available to others, as iden-
tified by the APA.

(1) Method of Communication

Communicating your work allows other professionals to review your work to learn about what
you did, test whether they can replicate or build upon your results or use your study to generate
their own new ideas and hypotheses. The most typical ways of sharing the results of a study are
orally, in written form, or as a poster.

Oral and poster presentations are often given at professional conferences, such as national
conferences held by the APA, the Association for Psychological Science (APS), and the Society for
Neuroscience. The strongest method for communication, however, is through publication in a peer-
reviewed journal. To publish in these journals, researchers describe their studies in a manuscript
and have it reviewed by their peers, that is, other professionals in their field of study (El-Guebaly
etal., 2023). Only after their peers agree that the researchers’ study reflects high-quality scientific
research can they publish their manuscript in the journal. Chapter 16 provides guidelines for writ-
ing manuscripts using APA style, as well guidelines for writing posters and giving talks. Several
examples of posters and an APA manuscript that has been published are given in Appendix A.

(2) Style of Communication

Written research reports often must conform to the style and formatting guidelines provided
in the Publication Manual of the American Psychological Association (APA, 2020), also called the
Publication Manual. The Publication Manual is a comprehensive guide for using ethics and

Copyright ©2025 by Sage.
This work may not be reproduced or distributed in any form or by any means without express written permission of the publisher.



12 Part| ® Scientific Inquiry

reducing bias, writing manuscripts and research reports, and understanding the publication pro-
cess. It is essential that you refer to this manual when choosing a method of communication. After
all, most psychologists and many scientists across the behavioral sciences follow these guidelines.
For our research hypothesis, Dixon et al. (2017) also used a similar research plan except their
study included more groups for comparison. Two groups were the same as those in our research
plan in Table 1.1: Group No Toy Deal and Group Healthier Meal Plus Toy Deal. Dixon et al.
(2017) then included two additional comparisons: Group Less Healthy Plus Toy Deal, in which
the less healthy food offered a toy deal, and Group Both Meals Plus Toy Deal, in which both
meals offered a toy deal. The researchers published their results in the peer-reviewed journal
Appetite. Comparing only the two groups in our research plan, we can see using their results (a
portion of which are shown in Figure 1.3) that the data generally show support for our hypothe-
sis—a higher percentage of children chose a healthier meal compared to a less healthy meal when

the healthier meal included a toy deal offer.

Step 6: Generate More New Ideas

When your study is complete, you can publish your work and allow other researchers the oppor-
tunity to review and evaluate your findings. You have also learned something from your work. If
you found support for your research hypothesis, you can use it to refine and build upon existing
knowledge. If the results do not support your research hypothesis, then you propose a new idea
and begin again.

Steps 1 to 6 of the scientific process are ¢yclic, not linear, meaning that even when a study
answers a question, this usually leads to more questions and more testing. For this reason, Step 6
typically leads back to Step 1, and we begin again. More importantly, it allows other researchers to
refute scientific claims and question what we think we know. It allows researchers to say, “If your
claim is correct, then we should also observe this” or “If your claim is correct, then this should not
be observed.” A subsequent study would then allow other researchers to determine how confident

we can be about what we think we know of that particular behavior or event of interest.

LEARNING CHECK 1.2

1. The scientific method provides a systematic way to test the claims of researchers by
limiting science to phenomena that can be
a. observed only.

b. measured only.
c. observed and measured.

2. Aresearcher studying attention measured the time (in seconds) that students spend
working continuously on a task. Longer times indicate longer attention. In this study, the
variable being measuredis ____, and the operational definition for the variableis .
a. studying; time (in seconds)

b. attention; time (in seconds)
c. studying; working continuously
d. attention; working continuously

3. Apsychologist studies a small population of 40 students attending a local school. If the
researcheris interested in selecting the population of students at this school, then how
many students must the psychologist include?

a. None, because it is not possible to study an entire population.
b. At least half of the students to constitute most of the population.
c. AlL40 students, because the population is all students who attend.
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4. Data are typically analyzed in a study to
a. determine whether the pattern of data observed in a study shows support for the
prediction made by a research hypothesis.
b. determine whether it is necessary to collect more data until the findings can confirm
the research hypothesis.
c. reduce the amount of information collected in a research study.
5. What style of communication is largely used in psychology and behavioral science?
a. Association of Psychological Science style
b. Academies of Science and Methodology style
¢. American Psychological Association style

Answers
c

ared=
o> 0w

OTHER METHODS OF KNOWING

LEARNING OBJECTIVE

1.3 Describe five nonscientific methods of acquiring knowledge.

The scientific method is one way of knowing about the world. There are also many other ways
of knowing, and each has its advantages and disadvantages. Five other methods of knowing that
do not use the scientific process are collectively referred to as nonscientific ways of knowing.
Although not an exhaustive list, the five nonscientific ways of knowing introduced in this sec-
tion are tenacity, intuition, authority, rationalism, and empiricism. Keep in mind that at some

level each of these methods can be used with the scientific method.

Tenacity

Tenacity is a method of knowing based largely on habit or superstition; it is a belief that exists
simply because it has always been accepted. Advertising companies, for example, use this
method by creating catchphrases such as Budweiser’s slogan “King of Beers,” Nike’s slogan
“Just Do It,” or Geico’s much longer slogan “15 minutes could save you 15% or more on car
insurance.” In each case, tenacity was used to gauge public belief in a company’s product or
service. A belief in superstitions, such as finding a penny heads up bringing good luck, or a
black cat crossing your path being bad luck, also reflects tenacity. Tenacity may also reflect
tradition. The 9-month school calendar providing a 3-month summer vacation originated in
the late 1800s to meet the needs of communities at the time (mostly due to the hot weather, not
farming). Alchough the needs of our society have changed, the school calendar has not. The
key disadvantage of using tenacity, however, is that the knowledge acquired can often be inac-
curate, partly because tenacity is mostly assumed knowledge. Hence, there is no basis in fact for

beliefs using tenacity.
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Intuition

Intuition is an individual’s subjective hunch or feeling that something is correct. Intuition is
sometimes used synonymously with instincts. For example, stock traders said to have great
instincts may use their intuition to purchase a stock that then increases in value, or gamblers said
to have great instincts may use their intuition to place a bet that then wins. Caregivers often use
their intuition when they suspect their child is getting into trouble at school, or students may use
their intuition to choose a major that best fits their interests. The disadvantage of using intuition
as a sole method of knowing is that there is no definitive basis for the belief. Hence, without act-
ing on the intuition, it is difficult to determine its accuracy.

Intuition also has some value in science in that researchers can use their intuition to some
extent when they develop a research hypothesis, particularly when there is little to no informa-
tion available concerning their area of interest. In science, however, the researchers’ intuition is
then tested using the scientific method. Keep in mind that we use the scientific method to dif-
ferentiate between hypotheses that do and do not accurately describe phenomena, regardless of
how we initially developed our hypotheses. Hence, it is the scientific method, not intuition, that

ultimately determines what we know in science.

Authority

Authority is knowledge accepted as fact because it was stated by an expert or respected source
in a particular subject area. In a given faith-based practice, it is the Bible, the Koran, the Torah,
or another text that is the authority. Preachers, pastors, rabbis, and other religious leaders teach
about God using the authority of those texts, and the teachings in those texts are accepted
based solely on the authority of those texts. Education agencies such as the National Education
Association often lobby for regulations that many educators will trust as benefiting them with-
out reviewing in detail the policies being lobbied for. As another example, the U.S. Food and
Drug Administration (FDA) was the second most trusted government agency behind only the
Supreme Courtaround the turnof the 21st century (Hadfield et al., 1998), and the FDA likewise
makes policy decisions that many Americans trust without detailed vetting. The disadvantage
of using authority as a sole method of knowing is that, in many cases, there is little effort to chal-
lenge this type of knowledge, often leaving authoritative knowledge unchecked.

Like intuition; authority has value in science. Einstein’s general theory of relativity, for exam-
ple, requires an understanding of mathematics shared by perhaps a few hundred scientists. The
rest 'of us simply accept this theory as accurate based on the authority of the few scientists who
tell usit is. Likewise, many scientists will selectively submit their research for publication in only
the most authoritative journals—those with a reputation for being the most selective and pub-
lishing only the highest-quality research compared to other presumably less selective journals. In

this way, authority is certainly valued to some extent in the scientific community.

Rationalism

Rationalism is any source of knowledge that requires the use of reasoning or logic. Rationalism
is often used to understand human behavior. For example, if a spouse is unfaithful to a partner,
the partner may reason that the spouse does not love them; if a student receives a poor grade on
a homework assignment, the professor may reason that the student did not put much effort into
the assignment. Here, the spouse and the professor rationalized the meaning of a behavior they
observed—and in both cases they could be wrong. This is a disadvantage of using rationalism as

a sole method of knowing, in that it often leads to erroneous conclusions.
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Even some of the most rational ideas can be wrong. For example, it would be completely
rational to believe that heavier objects fall at a faster rate than lighter objects. This was, in fact,
the rational explanation for falling objects prior to the mid-1500s until Galileo Galilei proposed
a theory and showed evidence that refuted this view.

Rationalism certainly has some value in science as well inasmuch as researchers can use
rationalism to develop their research hypotheses—in fact, we used reasoning to develop our
research hypothesis about toy premiums. Still, all research hypotheses are tested using the scien-
tific method, so it is the scientific method that ultimately sorts out the rationally sound from the
rationally flawed hypotheses.

Empiricism

Empiricism is knowledge acquired through observation. This method of knowing reflects the
adage “seeing is believing.” Although making observations is essential when using the scientific
method, it can be biased when used apart from the scientific method. In other words, not every-
one experiences or observes the world in the same way—from this view, empiricism alone is
fundamentally flawed. One way that the scientific method handles this problem is to ensure that
all variables observed in a study are operationally defined—defined in terms of how the observed
variable is measured such that other researchers could observe that variable in the same way. An
operational definition has the advantage of being more objective because it states exactly how the
variable was observed or measured.

There are many factors that bias our perception of the behaviors and events we observe.
The first among them is the fact that human perception can be biased. To illustrate, Figure 1.4
depicts the Poggendorff illusion, named after the physicist who discovered it in a drawing pub-
lished by German astrophysicist Johann Zéllner in 1860. The rectangles in Parts A and B are the
same, except that the rectangle in Part A is not transparent. The lines going through the rect-
angle in Part A appear to be continuous, but this isan illusion. Viewing them through the trans-
parent rectangle, we observe at once that they are not. There are many instances in which we do

not see the world as it really is, many of which we still may not recognize or fully understand.

FIGURE 1.4 M The Poggendorff Illusion

(A) (B)

In Part A, both lines appear to be continuous. In Part B, the rectangle is transparent, which shows that the lines
are, in fact, not continuous.
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Human memory is also inherently biased. Many people are prone to forgetting and to inac-
curate recollections. Memory is not a bank of recordings to be replayed; rather, it is a collection
of representations for the behaviors and events we observe. Memory is an active process, and you
are unlikely to accurately recall what you observed unless you make a conscious effort to do so. If
you have ever entered a room and forgot why you wanted to go there in the first place, or you for-
got someone’s name only minutes (often seconds) after being introduced, then you have experi-
enced some of the vagaries of memory. Many factors influence what we attend to and remember,
and many of these factors work against our efforts to make accurate observations.

In all, tenacity, intuition, authority, rationalism, and empiricism are called the nonscientific
methods of knowing. Although some of these methods may be used during the scientific process,
they are only used in conjunction with the scientific method. Using the scientific method ulti-

mately ensures that only the most accurate hypotheses emerge from the observations we make.

LEARNING CHECK 1.3

For Questions 1-5, state the nonscientific method of knowing illustrated in each example.
Enter T for tenacity, | for intuition, A for authority, R for rationalism, or E for empiricism.

1. Your friend tells you that they like fried foods because they saw someone enjoying them
at a buffet.

2. You close the store at exactly midnight because that is when the store always closes.

3. Ateacher states that students do not care about being in school because they are not
paying attention in class.

4. Your friend locks up all the alcohol in the house because they have a feeling you may
throw a party while they are at work.

5. You believe that if you do not read your textbook, you will fail your research methods
class because your professor said so.

Answers
E

1R wd =
> — o -

THE GOALS OF SCIENCE

LEARNING OBJECTIVE

1.4  Identify the four goals of science.

Many people will seek only as much knowledge as they feel will satisfy their curiosity. For
instance, people may conclude that they know about love because they have experienced
it themselves (empiricism) or listened to stories that others talk about their experiences with
love (authority). Yet science is a stricter way of knowing about the world. In science, we do not
make observations for the sake of making observations. Instead, we make observations with the
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ultimate goal to describe, explain, predict, and control the behaviors and events we observe. Each
goal is described in this section and listed in Table 1.2.

TABLE1.2 M The Four Goals of Science

m Question Asked to Meet the Goal

Describe What is the behavior or event?
Explain What are the causes of the behavior or event?
Predict Can we anticipate when the behavior or event will occur in the future?
Control Can we manipulate the conditions necessary to make a behavior or event occur and
not occur?
Describe

To understand the behaviors and events we study, we must describe or define them. Often, these
descriptions are in the literature. We can even find descriptions for behaviors and events quite by
accident, particulatly for those that are not yet described in the literature or not fully understood.
For example, a young boy named John Garcia had his first taste of licorice when he was 10 years
old. Hours later he became ill with the flu. Afterward, he no longer liked the taste of licorice,
although he was fully aware that the licorice did not cause hisillness. As a scientist, Garcia tried
to describe his experience, which eventually led him to conduct a landmark study showing the
first scientific evidence that we learn to dislike tastes associated with illness, known as zaste aver-
sion learning (Garcia et al., 1955). Scientific knowledge begins by describing the behaviors and
events we study, even if that description originates from a childhood experience.

Explain

To understand or explain the behaviorsand events we study, we must identify the conditions
within which they operate. Identifying cause can be a challenging goal in that human behavior is
complex and often is caused by many factors in many different contexts. Let us revisit an exam-
ple from eatlier in this chapter: Suppose that we want to explain why young people to exercise.
Some obvious factors that can explain why young people exercise are to stay healthy, be more
fit, look more attractive, or even to help treat/alleviate symptoms of a disease such as obesity
(Privitera, 2016). Less obvious, though, is that the more that young adults use alcohol, the more
they engage'in exercise behavior (Abrantes et al., 2017; French et al., 2009; Leasure et al., 2015).
Imagine how many less obvious factors exist but have not yet been fully explored for many other
behaviors of interest to researchers. Explaining behavior (i.e., identifying the causes of behavior)
is therefore a cautious goal in science because there are often a multitude of underlying causes to

consider to fully explain a given behavior.

Predict

Once we can describe and explain a particular behavior or event, we can use that knowledge to
predict when it will occur in the future. Knowing how to predict behavior can be quite useful.
For example, if a caregiver wants a child to take a long nap, they may take the child to the park for
an hour before naptime to tire the child out. In this case, the caregiver predicts that greater activ-

ity increases sleepiness (Amigo et al., 2016; Lang et al., 2013). However, as with most behaviors,

Copyright ©2025 by Sage.
This work may not be reproduced or distributed in any form or by any means without express written permission of the publisher.



18 Part| ® Scientific Inquiry

sleep is caused by many factors, so caregivers often find that this strategy does not always work.
Predicting behavior, then, can be challenging because to predict when a behavior will occur

depends on our ability to isolate the causes of that behavior.

Control

The central, and often most essential, goal for a scientist is control. Control means that we can
make a behavior occur and not occur. To establish control, we must be able to describe the
behavior, explain the causes, and predict when it will occur and not occur. Hence, control is only
possible once the first three goals of science are met.

The ability to control behavior is important because it allows psychologists to implement
interventions that can help people improve their quality of life and establish control over aspects
of their lives that are problematic. For example, Lowell et al. (2018) reviewed the literature span-
ning 15 years after the 9/11 attacks in New York City and Washington, D.C. They showed that
exposure-based therapies tended to be most effective at reducing symptoms of posttraumatic
stress disorder (PTSD) among individuals who were highly exposed to the attacks. Exposure-
based therapies generally involve exposing a patient to the source of their stress without the
intention of causing any danger. Doing so is believed to help patients control or overcome their
PTSD. The goal of science to control is often applied in clinical settings, where patients seek to
control or overcome symptoms of the disorders they suffer from. Control, then, is a powerful
goal of science because it means that researchers are able to-establish some control over the behav-

iors that they study.

LEARNING CHECK 1.4

For Questions 1-4, state the goal of science described in each statement. Enter D for
describe, E for explain, P for predict, or C for control.

1. To meet this goal of science depends on our ability to isolate the causes of behavior.

2. To meet this goal in science requires that we define the phenomena we study.

3. To meetthis goalin science we must identify the conditions within which behaviors and
events.operate.

4. To meet this goal in science means that we can make a behavior occur and not occur.

Answers
P

Al <

D
E
C

APPROACHES IN ACQUIRING KNOWLEDGE

LEARNING OBJECTIVE

1.5  Distinguish between basic and applied research and between quantitative and

qualitative research.

Copyright ©2025 by Sage.
This work may not be reproduced or distributed in any form or by any means without express written permission of the publisher.



Chapter 1 @ Introduction to Scientific Thinking 19

There are many approaches that lead to different levels of understanding of the behaviors and
events we study using the scientific method. In this section, we introduce research that is basic or

applied and research that is qualitative or quantitative.

Basic and Applied Research

Basic research is an approach where researchers aim to understand the nature of behavior.
Basic research is used to answer fundamental questions that address theoretical issues, typically
regarding the mechanisms and processes of behavior. Whether there are practical applications
for the outcomes in basic research is not as important as whether the research builds upon exist-
ing theory. Basic research is used to study many aspects of behavior, such as the influence of biol-
ogy, cognition, learning, memory, consciousness, and development on behavior.

Applied research, on the other hand, is an approach in which researchers aim to answer ques-
tions concerning practical problems that require practical solutions. Topics of interest in applied
research include issues related to obesity and health, traffic laws and safety, behavioral disor-
ders, and drug addiction. In the classroom, for example, applied research seeks to answer ques-
tions about educational practice that can be generalized across educational settings. Examples
of educational applied research include implementing different instructional strategies, charac-
ter development, caregiver involvement, and classroom management. Researchers who conduct
applied research focus on problems with immediate practical implications in order to apply their
findings to problems that have the potential for immediate action.

Although basic and applied research are very different in terms of the focus of study, we
can use what is learned in theory (basic research) and apply it to practical situations (applied
research), or we can test how practical solutions to a problem (applied research) fit with the theo-
ries we use to explain that problem (basic research). As an example, basic research using brain
imaging technologies showed evidence that reward-related areas in the human brain—includ-
ing areas involved in regulating reward-guided behavior and integrating sensory modalities of
smell, taste, and texture—respond preferentially to the sight of high-calorie versus low-calorie
foods (Morales & Berridge, 2020; van Ruiten et al., 2022). This basic research evaluated theo-
ries addressing the neural basis of human eating behavior. Findings from such studies were later
utilized as the basis for applied research in clinical settings, showing that this positive response to
viewing images of high calorie “comfort foods” enhances positive mood most among those with
clinical symptoms of depression (Morales & Berridge, 2020; Privitera et al., 2018). In this way,
the methods used to construct applied research were derived from findings in basic research.

Qualitative and.Quantitative Research

Quantitative research uses the scientific method to record observations as numeric data. Most
scientific research in the social sciences is quantitative because the data are numeric, allowing
for a more objective analysis of the observations made in a study. Researchers, for example, may
define mastery as the time (in seconds) it takes to complete a presumably difficult task. By defin-
ing mastery in seconds (a numeric value), the analysis is more objective—other researchers can
readily measure mastery in the same way. Numeric values can also be readily entered into statis-
tical formulas, from which researchers can obtain measurable results. Statistical analysis is not
possible without numeric data.

Qualitative research is different from quantitative research in that qualitative research does
not include the measurement of numeric data. Instead, observations are made from which con-

clusions are drawn. The goal in qualitative research is to describe, interpret, and explain the
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behaviors or events being studied. As an example, a qualitative researcher studying mastery may
interview a small group of participants about their experiences with mastery (e.g., of a skill or a
set of skills). Each participant is allowed to respond however they want. From this, the researcher
will evaluate how participants described mastery in order to interpret and explain it. Whereas in
quantitative research the researcher defines the variable of interest (e.g., mastery) and then makes
observations to measure that variable, in qualitative research the participants describe the vari-
able of interest, from which researchers interpret and explain that variable.

Quantitative and qualitative research can be effectively used to study the same behaviors, so
both types of research have value. For example, quantitative research can be used to determine
how often and for how long (in minutes, on average) students study for an exam, whereas qualita-
tive research can be used to characterize their study habits in terms of what they study, why they
study it, and how they study. Each observation gives the researcher a bigger picture of how to
characterize studying among students. In this way, both types of research canbe effectively used

to gauge a better understanding of the behaviors and events we observe.

LEARNING CHECK 1.5

For Questions 1 and 2, state whether basic or appliedresearch is described. Enter B for basic
research or A for applied research.

1. Astudy evaluating the extent to which gender stereotypes lead to depression.
2. Astudy evaluating how to improve the user experience on social media platforms.

For Questions 3 and 4, identify the type of research design being conducted.

3. Astudy in which students are interviewed about their dorming experience.
a. Qualitative
b. Quantitative
4. Astudyin which patient waiting times are recorded at emergency rooms in various
settings or locations.
a. Qualitative
b. Quantitative

Answers
B

A WD =
w > >

DISTINGUISHING SCIENCE FROM PSEUDOSCIENCE

LEARNING OBJECTIVE

1.6  Delineate science from pseudoscience.

Throughout this book, you will be introduced to the scientific process, the general steps for

which were elaborated in this chapter. As is evident as you read further, science requires that a set
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of systematic techniques be followed to acquire knowledge. However, sometimes knowledge can
be presented as if it is scientific, yet it is nonscience, often referred to as pseudoscience; that being
said, all nonscience is not pseudoscience (Hansson, 2015; Mahner, 2007).

The term pseudoscience is not to be confused with other terms often inappropriately used
as synonyms, which include “unscientific” and “nonscientific.” A key feature of pseudoscience is
intent to deceive: it is nonscience posing as science (Gardner, 1957; Hansson, 2015). For exam-
ple, there are ways of knowing that do not at all purport to be based in science, such as those
described in Section 1.3 in this chapter. These are not pseudoscience. As another example, an
individual may engage in science, but the science itself is unknowingly incorrect or rather poorly
conducted (e.g., the individual misinterprets an observation or runs a careless experiment). Even
if the “bad” science is intentional or fraudulent, “bad” science is rarely called pseudoscience.
Therefore, to clarify we can adopt two criteria here to define pseudoscience that delineate it asa
narrower concept, adapted from Gardner (1957) and Hansson (2015):

1. Itis notscientific, and

2. Itis partofasystem or set of beliefs that try to deceptively create the impression that the
knowledge gained represents the “final say” or most reliable knowledge on its subject

matter.
As an example to illustrate, consider the following three scenarios:

Scenario 1: A psychologist performs a study and unknowingly analyzes the data incorrectly,
then reports erroneous conclusions that are incorrect because of their mistake.

Scenario 2: A psychologist makes a series of impromptu observations, then constructs an

explanation for the observations made as if their conclusions were scientific.

Scenario 3: A psychologist reports that they have a personal belief and faith in God and

believes that such faith is important.

In the cases above, only Scenario 2 meets the criteria for pseudoscience in that it is not scien-
tific, and the psychologist tries to deceivingly leave the impression that their conclusions have
scientific legitimacy when they do not. Scenario 1 is a basic case of “bad” science, and Scenario
3 is simply a nonscientific way of knowing—there was no intent to give the impression that
such faith is rooted in science. Being able to delineate science from pseudoscience can be dif-
ficult, and the demarcation between science and pseudoscience is often a subject of debate
among philosophers and scientists alike. The examples given in this section provide some con-
text for thinking about science versus pseudoscience, which should prove helpful as you read

about science in this book.

LEARNING CHECK 1.6

1. Akey feature of pseudoscience is intent to
a. reveal
b. deceive
c. be scientific
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2. Anindividual engages in science, but the science itself is unknowingly incorrect or
rather poorly conducted. Strictly defined, is this an example of pseudoscience? Enter Y
for yes or N for no.

Answers

1. B
2. N

CHAPTER SUMMARY

LO1.1 Definescience and the scientific method.
® Science is the acquisition of knowledge through observation, evaluation,
interpretation, and theoretical explanation.
o Science is specifically the acquisition of knowledge using the scientific method,
which requires the use of systematic techniques, each of which comes with a

specific set of assumptions and rules that make it scientific.

LO1.2 Describe six steps for engaging in the scientific method.
o The scientific process consists of six steps:

O Step 1: Identify a problem: Determine an area of interest, review the
literature, identify new ideas in your area of interest, and develop a research
hypothesis.

O Step 2: Develop a research plan: Define the variables being tested, identify
participants or subjects, and determine how to sample them, select a research
strategy and design, and evaluate ethics and obtain institutional approval to
conduct research.

O_ Step 3: Conduct the study. Execute the research plan and measure or record
the data.

O Step 4: Analyze and evaluate the data. Analyze and evaluate the data as they
relate to the research hypothesis and summarize data and research results.

o Step 5: Communicate the results. Results can be communicated orally, in
written form, or as a poster. The styles of communication follow standards
identified by the APA.

O Step 6: Generate more new ideas. Refine or expand the original hypothesis,

reformulate a new hypothesis, or start over.

LO1.3 Describe five nonscientific methods of acquiring knowledge.

o Tenacity is a method of knowing based largely on habit or superstition. A
disadvantage of tenacity is that the knowledge acquired is often inaccurate.

o Intuition is a method of knowing based largely on an individual’s hunch or
feeling that something is correct. A disadvantage of intuition is that the only way
to determine the accuracy of an intuition is to act on that belief.

o Authority is a method of knowing accepted as fact because it was stated by

an expert or respected source in a particular subject area. A disadvantage of
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authority is that there is typically little effort to challenge an authority, leaving
authoritative knowledge largely unchecked.

o Rationalism is a method of knowing that requires the use of reasoning and logic.
A disadvantage of rationalism is that it often leads to erroneous conclusions.

o Empiricism is a method of knowing based on one’s experiences or observations.
Disadvantages of empiricism are that not everyone experiences or observes the

world in the same way, perception is often illusory, and memory is inherently

biased.

LO1.4 Identify the four goals of science.
o 'The four goals of science are to describe or define the variables we observe and
measure, explain the causes of a behavior or event, predict when a behavior or
event will occur in the future, and control or manipulate conditions in such a

way as to make a behavior occur and not occur.

LO 1.5 Distinguish between basic and applied research, and between quantitative and
qualitative research.

e Basicresearch uses the scientific method to answer questions that address
theoretical issues about fundamental processes and underlying mechanisms
related to the behaviors and events being studied. Applied research uses the
scientific method to answer questions concerning practical problems with
potential practical solutions.

® Quantitative research is most commonly used in the behavioral sciences and
uses the scientific method to record observations as numeric data. Qualitative
research uses the scientific method to make nonnumeric observations, from

which conclusions are drawn without the use of statistical analysis.

LO1.6 Delineate science from pseudoscience.

o Pseudoscience is a set of procedures that are not scientific, and it is part of a
system or set of beliefs that try toideceptively create the impression that the
knowledge gained represents the “final say” or most reliable knowledge on its
subject matter.

o Being able to delineate science from pseudoscience can be difficult, and the
demarcation between science and pseudoscience is still a subject of debate among

philosophersand scientists alike.

KEY TERMS

applied research quantitative research
authority qualitative research
basic research rationalism
data research hypothesis
empiricism research method
hypothesis sample
intuition science
operational definition scientific method
population tenacity
pseudoscience variable
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REVIEW QUESTIONS

1. The scientific method refers to a set of systematic techniques used to acquire, modify, and
integrate knowledge concerning
a. any phenomena.
b. statistics, but not parameters.
c. populations, but not samples.

d. observable and measurable phenomena.

For Questions 2—7, identify which step for using the scientific method is described. Enter the
number of the step described: Step 1: Identify a problem. Step 2: Develop a research plan. Step
3: Conduct the study. Step 4: Analyze and evaluate the data. Step 5: Communicate the results.
Step 6: Generate more new ideas.

2. A researcher measures the responsiveness to a stimulus in each of two groups that received
a prompt that was either familiar or unfamiliar to them.

3. A researcher identifies that they will measure responsiveness as how quickly (in seconds) a

participant recognizes a cue following a prompt.

4. A researcher publishes a paper about their research demonstrating that participants

respond quickest to familiar cues.

5. A researcher computes a statistical test to evaluate whether responsiveness to a cue differs

between two groups that were observed in a study.
6. A researcher conducts a literature review on the topic of cognitive processing speed.

7. Based on the results of their study, a researcher posits that further research is needed to
evaluate limitations in their research design.

For Questions 810, identify the method of knowing that is described. Enter T for tenacity, 1
for intuition, A for authority, R for rationalism, or E for empiricism.

8. You believe thatif you don’t read your textbook, you will fail your research methods class
because your professor said so.

9. Your friends state that you work too much because you don’t spend enough time with
them.

10. Anaudience member knows thata magic trick is an illusion because they saw how the
trick was done.

For Questions 11 and 12, identify the goal of science that aligns with the question stated. Enter
D for describe, E for explain, P for predict, or C for control.

11. What s the behavior or event?
12. What are the causes of the behavior or event?

For Questions 13 and 14, identify whether basic or applied research is described. Enter B for
basic research, or A for applied research.

13. A researcher explores the theoretical relationship between socioeconomic status and
political affiliation.
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A researcher is explores the extent to which voters of different socioeconomic status and

political affiliation are likely to vote for a particular candidate

A researcher interviews a group of participants and asks them to explain how they feel
when they are in love. Each participant is allowed to respond in their own words. What
type of research is described?

a. Qualitative research

b. Quantitative research

A researcher records the blood pressure of participants during a task meant to induce
stress. What type of research is described?
a. Qualitative research

b. Quantitative research

A researcher enters a home and uses a device that shows that some areas of the house

have higher electromagnetic fields (EMFs) than others. They conclude that these EMF
readings show scientific proof that ghosts or spirits are present in the rooms where the
EMFs were highest. Is this research an example of pseudoscience? Enter Y foryes, or N for

no.

True or false (enter T for true, or F for false): Being able to delineate science from
pseudoscience can be difficult, and is often a subject of debate among philosophers and

scientists alike.

ACTIVITIES

1.

This work may not be reproduced or distributed in any form or by any means without express written permission of the publisher.

Recall that only behaviors and events that can be observed and measured (operationally
defined) are considered scientific. Assuming that all of the following variables are both
observable and measurable, state at least two operational definitions for each:

A student’s integrity while taking an exam

A participant’s ability to remember some event

A caregiver’s patience

The effectiveness of a professor’s teaching style

The quality of life among elderly patients

The level of drug useamong teens

The amount of student texting during class time

The costs of obtaining a college education

Wedeveloped the following three hypotheses using Step 1 of the scientific method.
Choose one of the ideas given, or use one of your own, and complete Step 2 of the
scientific method.

a.  Scientific Outcome 1: The typical student obtains a C+ in difficult courses.
Scientific Outcome 2: The typical student obtains a C+ in relatively easy courses.
Research hypothesis: Students will do less work in an easy course than in a difficult
course.

b. Scientific Outcome I: The more calories we consume, the more weight we tend to gain.
Scientific Outcome 2: Today, Americans consume more calories per day, on average,
than they did 20 years ago.

Research hypothesis: Obesity rates in the U.S. are getting worse due to trends of

increased caloric consumption.
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c.  Scientific Outcome I: Distractions during class interfere with a student’s ability to
learn the material taught in class.
Scientific Outcome 2: Many students use social networking sites during class time.
Research hypothesis: Students who sign on to social networking sites during class time

will learn less material than those who do not.

3. Historically there has been great debate concerning the authority of scientific knowledge
versus religious knowledge. What methods of knowing are used in science and religion?
What are the differences between these methods, if any? What are the similarities, if any?
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