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1
History of Psychology

David B. Baker & Heather Sperry

This module provides an introduction and overview of the historical development of the
science and practice of psychology in America. Ever-increasing specialization within the field
often makes it difficult to discern the common roots from which the field of psychology has
evolved. By exploring this shared past, students will be better able to understand how
psychology has developed into the discipline we know today.

Learning Objectives

e Describe the precursors to the establishment of the science of psychology.

e |dentify key individuals and events in the history of American psychology.

e Describe the rise of professional psychology in America.

e Develop a basic understanding  of the processes of scientific development and change.

® Recognize the role of women and people of color in the history of American psychology.

Introduction

It is always a difficult question to ask, where to begin to tell the story of the history of
psychology. Some would start with ancient Greece; others would look to a demarcation in the
late 19th century when the science of psychology was formally proposed and instituted. These
two perspectives, and all that is in between, are appropriate for describing a history of
psychology. The interested student will have no trouble finding an abundance of resources
on all of these time frames and perspectives (Goodwin, 2011; Leahey, 2012; Schultz & Schultz,
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2007). For the purposes of this module, we will examine
the development of psychology in America and use the
mid-19th century as our starting point. For the sake of

convenience, we refer to this as a history of modern
psychology.

Psychology is an exciting field and the history of
psychology offers the opportunity to make sense of how
it has grown and developed. The history of psychology
also provides perspective. Rather than a dry collection
of names and dates, the history of psychology tells us
about the important intersection of time and place that
defines who we are. Consider what happens when you
meet someone for the first time. The conversation
The earliest records of a psychological usually begins with a series of questions such as, “Where
experiment go allthe way back to the Pharaoh did you grow up?” “How Iong have you lived here?”
Psamtik | of Egypt in the 7th Century BC.  “Where did you go to school?” The importance of history
[Image: Neithsabes] in defining who we are cannot be understated. Whether

you are seeing a physician, talking with a counselor, or
applying for a job, everything begins with a history. The same is true for studying the history
of psychology; getting a history of the field helps to make sense of where we are and how we
got here.

A Prehistory of Psychology

Precursors to American psychology can be found in philosophy and physiology. Philosophers
such as John Locke (1632-1704) and Thomas Reid (1710-1796) promoted empiricism, the
idea that all knowledge comes from experience. The work of Locke, Reid, and others
emphasized the role of the human observer and the primacy of the senses in defining how
the mind comes to acquire knowledge. In American colleges and universities in the early
1800s, these principles were taught as courses on mental and moral philosophy. Most often
these courses taught about the mind based on the faculties of intellect, will, and the senses
(Fuchs, 2000).

Physiology and Psychophysics

Philosophical questions about the nature of mind and knowledge were matched in the 19th
century by physiological investigations of the sensory systems of the human observer. German
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physiologist Hermann von Helmholtz (1821-1894) measured the speed of the neural impulse

and explored the physiology of hearing and vision. His work indicated that our senses can
deceive us and are not a mirror of the external world. Such work showed that even though
the human senses were fallible, the mind could be measured using the methods of science.
In all, it suggested that a science of psychology was feasible.

An important implication of Helmholtz's work was that there is a psychological reality and a
physical reality and that the two are not identical. This was not a new idea; philosophers like
John Locke had written extensively on the topic, and in the 19th century, philosophical
speculation about the nature of mind became subject to the rigors of science.

The question of the relationship between the mental (experiences of the senses) and the
material (external reality) was investigated by a number of German researchers including
Ernst Weber and Gustav Fechner. Their work was called psychophysics, and it introduced
methods for measuring the relationship between physical stimuliand human perception that
would serve as the basis for the new science of psychology (Fancher & Rutherford, 2011).
The formal development of modern psychology is usually credited to the work of German
physician, physiologist, and philosopher Wilhelm Wundt (1832-1920). Wundt helped to
establish the field of experimental psychology by serving as a strong promoter of the idea
that psychology could be an experimental field and by providing classes, textbooks, and a
laboratory for training students. In 1875, he joined the faculty at the University of Leipzig and
quickly began to make plans for the creation of a program of experimental psychology. In
1879, he complemented his lectures on experimental psychology with a laboratory
experience: an event that has served as the popular date for the establishment of the science
of psychology.

The response to the new science was immediate and global. Wundt attracted students from
around the world to study the new experimental psychology and work in his lab. Students
were trained to offer detailed self-reports of their reactions to various stimuli, a procedure
known as introspection. The goal was to identify the elements of consciousness. In addition
to the study of sensation and perception, research was done on mental chronometry, more
commonly known as reaction time. The work of Wundt and his students demonstrated that
the mind could be measured and the nature of consciousness could be revealed through
scientific means. It was an exciting proposition, and one that found great interest in America.
After the opening of Wundt's lab in 1879, it took just four years for the first psychology
laboratory to open in the United States (Benjamin, 2007).

Scientific Psychology Comes to the United States
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Wundt's version of psychology arrived in America most visibly through the work of Edward
Bradford Titchener (1867-1927). A student of Wundt's, Titchener brought to America a brand
of experimental psychology referred to as “structuralism.” Structuralists were interested in
the contents of the mind—what the mind is. For Titchener, the general adult mind was the
proper focus for the new psychology, and he excluded from study those with mental
deficiencies, children, and animals (Evans, 1972; Titchener, 1909).

Experimental psychology spread rather rapidly throughout North America. By 1900, there
were more than 40 laboratoriesin the United States and Canada (Benjamin, 2000). Psychology
in America also organized early with the establishment of the American Psychological
Association (APA) in 1892. Titchener felt that this new organization did not adequately
represent the interests of experimental psychology, so, in 1904, he organized a group of

colleaguesto create whatis now known as the Society of Experimental Psychologists (Goodwin,

times, women researchers were not invited (or welcome). It is interesting to note that
Titchener's first doctoral student was awoman, Margaret Floy Washburn (1871-1939). Despite
many barriers, in 1894, Washburn became the first woman in America to earn a Ph.D. in
psychology and, in 1921, only the second woman to be elected president of the American
Psychological Association (Scarborough & Furumoto, 1987).

Striking a balance between the science and practice of psychology continues to this day. In
1988, the American Psychological Society (now known as the Association for Psychological
Science) was founded with the central mission of advancing psychological science.

Toward a Functional Psychology

While Titchener and his followers adhered to a structural psychology, others in America were
pursuing different approaches. William James, G. Stanley Hall, and James McKeen Cattell were
among a group that became identified with “functionalism.” Influenced by Darwin’s
evolutionary theory, functionalists were interested in the activities of the mind—what the
mind does. An interest in functionalism opened the way for the study of a wide range of
approaches, including animal and comparative psychology (Benjamin, 2007).

William James (1842-1910) is regarded as writing perhaps the most influential and important
book in the field of psychology, Principles of Psychology, published in 1890. Opposed to the
reductionist ideas of Titchener, James proposed that consciousness is ongoing and
continuous; it cannot be isolated and reduced to elements. For James, consciousness helped
us adapt to our environment in such ways as allowing us to make choices and have personal
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responsibility over those choices.

At Harvard, James occupied a position of authority and respect in psychology and philosophy.
Through his teaching and writing, he influenced psychology for generations. One of his
students, Mary Whiton Calkins (1863-1930), faced many of the challenges that confronted
Margaret Floy Washburn and other women interested in pursuing graduate education in
psychology. With much persistence, Calkins was able to study with James at Harvard. She
eventually completed all the requirements for the doctoral degree, but Harvard refused to
grant her a diploma because she was a woman. Despite these challenges, Calkins went on to
become an accomplished researcher and the first woman elected president of the American
Psychological Association in 1905 (Scarborough & Furumoto, 1987).

G. Stanley Hall (1844-1924) made substantial and lasting contributions to the establishment
of psychology in the United States. At Johns Hopkins University, he founded the first
psychological laboratory in Americain 1883.1n 1887, he created the first journal of psychology
in America, American Journal of Psychology. In 1892, he founded the American Psychological
Association (APA); in 1909, he invited and hosted Freud at Clark University (the only time Freud
visited America). Influenced by evolutionary theory, Hall was interested in the process of
adaptation and human development. Using surveys and questionnaires to study children,
Hall wrote extensively on child development and education. While graduate education in
psychology was restricted for women in Hall's time, it was all but non-existent for African
Americans. In another first, Hall mentored Francis Cecil Sumner (1895-1954) who, in 1920,
became the first African American to earn a Ph.D. in psychology in America (Guthrie, 2003).

James McKeen Cattell (1860-1944) received his Ph.D. with Wundt but quickly turned his
interests to the assessment of individual differences. Influenced by the work of Darwin’s
cousin, Frances Galton, Cattell believed that mental abilities such asintelligence were inherited
and could be measured using mental tests. Like Galton, he believed society was better served
by identifying those with superior intelligence and supported efforts to encourage them to
reproduce. Such beliefs were associated with eugenics (the promotion of selective breeding)
and fueled early debates about the contributions of heredity and environment in defining
who we are. At Columbia University, Cattell developed a department of psychology that
became world famous also promoting psychological science through advocacy and as a
publisher of scientific journals and reference works (Fancher, 1987; Sokal, 1980).

The Growth of Psychology

Throughout the first half of the 20th century, psychology continued to grow and flourish in
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America. It was large enough to accommodate varying points of view on the nature of mind
and behavior. Gestalt psychology is a good example. The Gestalt movement began in
Germany with the work of Max Wertheimer (1880-1943). Opposed to the reductionist
approach of Wundt's laboratory psychology, Wertheimer and his colleagues Kurt Koffka (1886-
1941), Wolfgang Kohler (1887-1967), and Kurt Lewin (1890-1947) believed that studying the
whole of any experience was richer than studying individual aspects of that experience. The
saying “the whole is greater than the sum of its parts” is a Gestalt perspective. Consider that
a melody is an additional element beyond the collection of notes that comprise it. The Gestalt
psychologists proposed that the mind often processes information simultaneously rather
than sequentially. For instance, when you look at a photograph, you see a whole image, not
just a collection of pixels of color. Using Gestalt principles, Wertheimer and his colleagues
also explored the nature of learning and thinking. Most of the German Gestalt psychologists
were Jewish and were forced to flee the Naziregime due to the threats posed on both academic
and personal freedoms. In America, they were able to introduce a new audience to the Gestalt
perspective, demonstrating how it could be applied to perception and learning (Wertheimer,

Behaviorism emerged early in the 20th century and became a major force in American
psychology. Championed by psychologists such as John B. Watson (1878-1958) and B. F.
Skinner (1904-1990), behaviorism rejected any reference to mind and viewed overt and
observable behavior as the proper subject matter of psychology. Through the scientific study
of behavior, it was hoped that laws of learning could be derived that would promote the
prediction and control of behavior. Russian physiologist Ivan Pavlov (1849-1936) influenced
early behaviorism in America. His work on conditioned learning, popularly referred to as
classical conditioning, provided support for the notion that learning and behavior were
controlled by events in the environment and could be explained with no reference to mind
or consciousness (Fancher, 1987).

For decades, behaviorism dominated American psychology. By the 1960s, psychologists began
torecognize thatbehaviorismwas unableto fully explain human behavior because it neglected
mental processes. The turn toward a cognitive psychology was not new. In the 1930s, British
psychologist Frederic C. Bartlett (1886-1969) explored the idea of the constructive mind,
recognizing that people use their past experiences to construct frameworks in which to
understand new experiences. Some of the major pioneers in American cognitive psychology
include Jerome Bruner (1915-), Roger Brown (1925-1997), and George Miller (1920-2012). In
the 1950s, Bruner conducted pioneering studies on cognitive aspects of sensation and
perception. Brown conducted original research on language and memory, coined the term
“flashbulb memory,” and figured out how to study the tip-of-the-tongue phenomenon
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(Benjamin, 2007). Miller's research on working memory is legendary. His 1956 paper “The
Magic Number Seven, Plus or Minus Two: Some Limits on Our Capacity for Processing
Information”is one of the most highly cited papers in psychology. A popular interpretation of
Miller's research was that the number of bits of information an average human can hold in
working memory is 7 + 2. Around the same time, the study of computer science was growing
and was used as an analogy to explore and understand how the mind works. The work of
Miller and others in the 1950s and 1960s has inspired tremendous interest in cognition and

neuroscience, both of which dominate much of contemporary American psychology.
Applied Psychology in America

In America, there has always been an interest in the application of psychology to everyday
life. Mental testing is an important example. Modern intelligence tests were developed by the
French psychologist Alfred Binet (1857-1911). His goal was to develop a test that would identify
schoolchildren in need of educational support. His test, which included tasks of reasoning
and problem solving, was introduced in the United States by Henry Goddard (1866-1957) and
later standardized by Lewis Terman (1877-1956) at Stanford University. The assessment and
meaning of intelligence has fueled debates in American psychology and society for nearly 100
years. Much of this is captured in the nature-nurture debate that raises questions about the
relative contributions of heredity and environmentin determiningintelligence (Fancher, 1987).
Applied psychology was not limited to mental testing. What psychologists were learning in
their laboratories was applied in many settings including the military, business, industry, and
education. The early 20th century was witness to rapid advances in applied psychology. Hugo
Munsterberg (1863-1916) of Harvard University made contributions to such areas as
employee selection, eyewitness testimony, and psychotherapy. Walter D. Scott (1869-1955)
and Harry Hollingworth (1880-1956) produced original work on the psychology of advertising
and marketing. Lillian Gilbreth (1878-1972) was a pioneer in industrial psychology and
engineering psychology. Working with her husband, Frank, they promoted the use of time
and motion studies to improve efficiency in industry. Lillian also brought the efficiency
movement to the home, designing kitchens and appliances including the pop-up trashcan
andrefrigerator door shelving. Their psychology of efficiency also found plenty of applications
athome with their 12 children. The experience served as the inspiration for the movie Cheaper
by the Dozen (Benjamin, 2007).

Clinical psychology was also an early application of experimental psychology in America.
Lightner Witmer (1867-1956) received his Ph.D. in experimental psychology with Wilhelm
Wundt and returned to the University of Pennsylvania, where he opened a psychological clinic
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in 1896. Witmer believed that because psychology dealt with the study of sensation and
perception, it should be of value in treating children with learning and behavioral problems.
He is credited as the founder of both clinical and school psychology (Benjamin & Baker, 2004).

Psychology as a Profession

As theroles of psychologists and the needs of the public continued to change, it was necessary
for psychology to begin to define itself as a profession. Without standards for training and
practice, anyone could use the title psychologist and offer services to the public. As early as
1917, applied psychologists organized to create standards for education, training, and
licensure. By the 1930s, these efforts led to the creation of the American Association for
Applied Psychology (AAAP). While the American Psychological Association (APA) represented
the interests of academic psychologists, AAAP served those in education, industry, consulting,
and clinical work.

The advent of WWII changed everything. The psychiatric casualties of war were staggering,
and there were simply not enough mental health professionals to meet the need. Recognizing
the shortage, the federal government urged the AAAP and APA to work together to meet the
mental health needs of the nation. The result was the merging of the AAAP and the APA and
a focus on the training of professional psychologists. Through the provisions of National
Mental Health Act of 1946, funding was made available that allowed the APA, the Veterans
Administration, and the Public Health Service to work together to develop training programs
that would produce clinical psychologists. These efforts led to the convening of the Boulder
Conference on Graduate Education in Clinical Psychology in 1949 in Boulder, Colorado. The
meeting launched doctoral training in psychology and gave us the scientist-practitioner
model of training. Similar meetings also helped launch doctoral training programs in
counseling and school psychology. Throughout the second half of the 20th century,
alternatives to Boulder have been debated. In 1973, the Vail Conference on Professional
Training in Psychology proposed the scholar-practitioner model and the Psy.D. degree
(Doctor of Psychology). It is a training model that emphasizes clinical training and practice
that has become more common (Cautin & Baker, in press).

Psychology and Society

Given that psychology deals with the human condition, it is not surprising that psychologists
would involve themselves in social issues. For more than a century, psychology and
psychologists have been agents of social action and change. Using the methods and tools of
science, psychologists have challenged assumptions, stereotypes, and stigma. Founded in
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1936, the Society for the Psychological Study of Social Issues (SPSSI) has supported research
and action on a wide range of social issues. Individually, there have been many psychologists
whose efforts have promoted social change. Helen Thompson Woolley (1874-1947) and Leta
S. Hollingworth (1886-1939) were pioneers in research on the psychology of sex differences.
Working in the early 20th century, when women’s rights were marginalized, Thompson
examined the assumption that women were overemotional compared to men and found that
emotion did not influence women'’s decisions any more than it did men'’s. Hollingworth found
that menstruation did not negatively impact women'’s cognitive or motor abilities. Such work
combatted harmful stereotypes and showed that psychological research could contribute to
social change (Scarborough & Furumoto, 1987).

Among the first generation of African American psychologists, Mamie Phipps Clark (1917-
1983) and her husband Kenneth Clark (1914-2005) studied the psychology of race and
demonstrated the ways in which school segregation negatively impacted the self-esteem of
African American children. Their research was influential in the 1954 Supreme Court ruling in
the case of Brown v. Board of Education, which ended school segregation (Guthrie, 2003). In
psychology, greater advocacy for issues impacting the African American community were
advanced by the creation of the Association of Black Psychologists (ABPsi) in 1968.

In 1957, psychologist Evelyn Hooker (1907-1996) published the paper “The Adjustment of the
Male Overt Homosexual,” reporting on her research that showed no significant differences in
psychological adjustment between homosexual and heterosexual men. Her research helped
to de-pathologize homosexuality and contributed to the decision by the American Psychiatric
Association to remove homosexuality from the Diagnostic and Statistical Manual of Mental
Disorders in 1973 (Garnets & Kimmel, 2003).

Conclusion

Growth and expansion have been a constant in American psychology. In the latter part of the
20th century, areas such as social, developmental, and personality psychology made major
contributions to our understanding of what it means to be human. Today neuroscience is
enjoying tremendous interest and growth.

As mentioned at the beginning of the module, it is a challenge to cover all the history of
psychology in such a short space. Errors of omission and commission are likely in such a
selective review. The history of psychology helps to set a stage upon which the story of
psychology can be told. This brief summary provides some glimpse into the depth and rich
content offered by the history of psychology. The modules in this e-book are all elaborations
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on the foundation created by our shared past. It is hoped that you will be able to see these
connections and have a greater understanding and appreciation for both the unity and
diversity of the field of psychology.

Timeline

1600s - Rise of empiricism emphasizing centrality of human observer in acquiring knowledge
1850s - Helmholz measures neural impulse / Psychophysics studied by Weber & Fechner
1859 - Publication of Darwin's Origin of Species

1879 - Wundt opens lab for experimental psychology

1883 - First psychology lab opens in the United States

1887 - First American psychology journal is published: American Journal of Psychology
1890 - James publishes Principles of Psychology

1892 - APA established

1894 - Margaret Floy Washburn is first U.S. woman to earn Ph.D. in psychology

1904 - Founding of Titchener's experimentalists

1905 - Mary Whiton Calkins is first woman president of APA

1909 - Freud's only visit to the United States

1913 - John Watson calls for a psychology of behavior

1920 - Francis Cecil Sumner is first African American to earn Ph.D. in psychology

1921 - Margaret Floy Washburn is second woman president of APA

1930s - Creation and growth of the American Association for Applied Psychology (AAAP)
/ Gestalt psychology comes to America



History of Psychology 15
1936- Founding of The Society for the Psychological Study of Social Issues

1940s - Behaviorism dominates American psychology

1946 - National Mental Health Act

1949 - Boulder Conference on Graduate Education in Clinical Psychology

1950s - Cognitive psychology gains popularity

1954 - Brown v. Board of Education

1957 - Evelyn Hooker publishes The Adjustment of the Male Overt Homosexual

1968 - Founding of the Association of Black Psychologists

1973 - Psy.D. proposed at the Vail Conference on Professional Training in Psychology

1988 - Founding of the American Psychological Society (now known as the Association for
Psychological Science)
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Outside Resources

Podcast: History of Psychology Podcast Series
http://www.yorku.ca/christo/podcasts/

Web: Advances in the History of Psychology
http://ahp.apps01.yorku.ca/

Web: Center for the History of Psychology
http://www.uakron.edu/chp

Web: Classics in the History of Psychology
http://psychclassics.yorku.ca/

Web: Psychology’s Feminist Voices
http://www.feministvoices.com/

Web: This Week in the History of Psychology
http://www.yorku.ca/christo/podcasts/

Discussion Questions

1. Why was psychophysics important to the development of psychology as a science?

2. How have psychologists participated in the advancement of social issues?

16

3. Name some ways in which psychology began to be applied to the general public and

everyday problems.

4. Describe functionalism and structuralism and their influences on behaviorism and

cognitive psychology.
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Vocabulary

Behaviorism
The study of behavior.

Cognitive psychology
The study of mental processes.

Consciousness
Awareness of ourselves and our environment.

Empiricism
The belief that knowledge comes from experience.

Eugenics
The practice of selective breeding to promote desired traits.

Flashbulb memory
A highly detailed and vivid memory of an emotionally significant event.

Functionalism
A school of American psychology that focused on the utility of consciousness.

Gestalt psychology
An attempt to study the unity of experience.

Individual differences
Ways in which people differ in terms of their behavior, emotion, cognition, and development.

Introspection
A method of focusing on internal processes.

Neural impulse
An electro-chemical signal that enables neurons to communicate.

Practitioner-Scholar Model
A model of training of professional psychologists that emphasizes clinical practice.
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Psychophysics
Study of the relationships between physical stimuli and the perception of those stimuli.

Realism
A point of view that emphasizes the importance of the senses in providing knowledge of the
external world.

Scientist-practitioner model
A model of training of professional psychologists that emphasizes the development of both
research and clinical skills.

Structuralism
A school of American psychology that sought to describe the elements of conscious
experience.

Tip-of-the-tongue phenomenon
The inability to pull a word from memory even though there is the sensation that that word
is available.
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Chapter 2: The Methods of Psychology



2
Research Designs

Christie Napa Scollon

Psychologists test research questions using a variety of methods. Most research relies on
either correlations or experiments. With correlations, researchers measure variables as they
naturally occur in people and compute the degree to which two variables go together. With
experiments, researchers actively make changes in one variable and watch for changes in
another variable. Experiments allow researchers to make causal inferences. Other types of
methods include longitudinal and quasi-experimental designs. Many factors, including
practical constraints, determine the type of methods researchers use. Often researchers
survey people even though it would be better, but more expensive and time consuming, to
track them longitudinally.

Learning Objectives

e Understand the difference between correlational and experimental designs.
e Understand how to interpret correlations.

e Understand how experiments help us to infer causality.

e Understand how surveys relate to correlational and experimental research.
e Understand what a longitudinal study is.

e Understand the strengths and weaknesses of different research designs.

Research Designs
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In the early 1970's, a man named Uri Geller tricked the world: he convinced hundreds of
thousands of people that he could bend spoons and slow watches using only the power of
his mind. In fact, if you were in the audience, you would have likely believed he had psychic
powers. Everything looked authentic—this man had to have paranormal abilities! So, why
have you probably never heard of him before? Because when Uri was asked to perform his
miracles in line with scientific experimentation, he was no longer able to do them. That is,
even though it seemed like he was doing the impossible, when he was tested by science, he
proved to be nothing more than a clever magician.

When we look atdinosaur bones to make educated guesses about extinct life, or systematically
chart the heavens to learn about the relationships between stars and planets, or study
magicians to figure out how they perform their tricks, we are forming observations—the
foundation of science. Although we are all familiar with the saying “seeing is believing,”
conducting science is more than just what your eyes perceive. Science is the result of
systematic and intentional study of the natural world. And psychology is no different. In the
movie Jerry Maguire, Cuba Gooding, Jr. became famous for using the phrase, “Show me the
money!” In psychology, as in all sciences, we might say, “Show me the data!”

One of the important steps in scientific inquiry is to test our research questions, otherwise
known as hypotheses. However, there are many ways to test hypotheses in psychological
research. Which method you choose will depend on the type of questions you are asking, as
well as what resources are available to you. All methods have limitations, which is why the
best research uses a variety of methods.

Most psychological research can be divided into two types: experimental and correlational
research.

Experimental Research

If somebody gave you $20 that absolutely had to be spent today, how would you choose to
spend it? Would you spend it on an item you've been eyeing for weeks, or would you donate
the money to charity? Which option do you think would bring you the most happiness? If
you're like most people, you'd choose to spend the money on yourself (duh, right?). Our
intuition is that we'd be happier if we spent the money on ourselves.

Knowing that our intuition can sometimes be wrong, Professor Elizabeth Dunn (2008) at the

University of British Columbia set out to conduct an experiment on spending and happiness.
She gave each of the participants in her experiment $20 and then told them they had to spend
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the money by the end of the day.
Some of the participants were told
they must spend the money on
themselves, and some were told they
must spend the money on others
(either charity or a gift for someone).
At the end of the day she measured
participants’ levels of happiness
using a self-report questionnaire.
(But wait, how do you measure

something like happiness when you

At the Corner Perk Cafe customers routinely pay for the drinks of can't rea”y see it? Psychologists
strangers. Is this the way to get the most happiness out of a cup of coffee?

measure many abstract concepts,
such as happiness and intelligence,
by beginning with operational
definitions of the concepts. See the Noba modules on Intelligence [http://noba.to/acxb2thy] and
Happiness [http://noba.to/gnw7g32t], respectively, for more information on specific
measurement strategies.)

Elizabeth Dunn's research shows that spending money on others may

affect our happiness differently than spending money on ourselves.

In an experiment, researchers manipulate, or cause changes, in the independent variable,
and observe or measure any impact of those changes in the dependent variable. The
independent variable is the one under the experimenter’s control, or the variable that is
intentionally altered between groups. In the case of Dunn's experiment, the independent
variable was whether participants spent the money on themselves or on others. The
dependent variable is the variable that is not manipulated at all, or the one where the effect
happens. One way to help remember this is that the dependent variable “depends” on what
happens to the independent variable. In our example, the participants’ happiness (the
dependent variable in this experiment) depends on how the participants spend their money
(the independent variable). Thus, any observed changes or group differences in happiness
can be attributed to whom the money was spent on. What Dunn and her colleagues found
was that, after all the spending had been done, the people who had spent the money on
others were happier than those who had spent the money on themselves. In other words,
spending on others causes us to be happier than spending on ourselves. Do you find this
surprising?

But wait! Doesn’t happiness depend on a lot of different factors—for instance, a person’s
upbringing or life circumstances? What if some people had happy childhoods and that's why
they're happier? Or what if some people dropped their toast that morning and it fell jam-side
down and ruined their whole day? It is correct to recognize that these factors and many more
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can easily affect a person’s level of happiness. So how can we accurately conclude that
spending money on others causes happiness, as in the case of Dunn’s experiment?

The most important thing about experiments is random assignment. Participants don't get
to pick which condition they are in (e.g., participants didn't choose whether they were
supposed to spend the money on themselves versus others). The experimenter assigns them
to a particular condition based on the flip of a coin or the roll of a die or any other random
method. Why do researchers do this? With Dunn'’s study, there is the obvious reason: you can
imagine which condition most people would choose to be in, if given the choice. But another
equally important reason is that random assignment makes it so the groups, on average, are
similar on all characteristics except what the experimenter manipulates.

By randomly assigning people to conditions (self-spending versus other-spending), some
people with happy childhoods should end up in each condition. Likewise, some people who
had dropped their toast that morning (or experienced some other disappointment) should
end up in each condition. As a result, the distribution of all these factors will generally be
consistent across the two groups, and this means that on average the two groups will be
relatively equivalent on all these factors. Random assignment is critical to experimentation
because if the only difference between the two groups is the independent variable, we can
infer that the independent variable is the cause of any observable difference (e.g., in the
amount of happiness they feel at the end of the day).

Here's another example of the importance of random assignment: Let's say your class is going
to form two basketball teams, and you get to be the captain of one team. The class is to be
divided evenly between the two teams. If you get to pick the players for your team first, whom
will you pick? You'll probably pick the tallest members of the class or the most athletic. You
probably won't pick the short, uncoordinated people, unless there are no other options. As a
result, your team will be taller and more athletic than the other team. But what if we want the
teams to be fair? How can we do this when we have people of varying height and ability? All
we have to do is randomly assign players to the two teams. Most likely, some tall and some
short people will end up on your team, and some tall and some short people will end up on
the other team. The average height of the teams will be approximately the same. That is the
power of random assignment!

Other considerations

In addition to using random assignment, you should avoid introducing confounds into your
experiments. Confounds are things that could undermine your ability to draw causal
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inferences. For example, if you wanted to test if a new happy pill will make people happier,
you could randomly assign participants to take the happy pill or not (the independent variable)
and compare these two groups on their self-reported happiness (the dependent variable).
However, if some participants know they are getting the happy pill, they might develop
expectations that influence their self-reported happiness. This is sometimes known as a
placebo effect. Sometimes a person just knowing that he or she is receiving special treatment
or something new is enough to actually cause changes in behavior or perception: In other
words, even if the participants in the happy pill condition were to report being happier, we
wouldn't know if the pill was actually making them happier or if it was the placebo effect—an
example of a confound. A related idea is participant demand. This occurs when participants
try to behave in a way they think the experimenter wants them to behave. Placebo effects
and participant demand often occur unintentionally. Even experimenter expectations can
influence the outcome of a study. For example, if the experimenter knows who took the happy
pilland who did not, and the dependentvariable is the experimenter’s observations of people’s
happiness, then the experimenter might perceive improvements in the happy pill group that
are not really there.

One way to prevent these confounds from affecting the results of a study is to use a double-
blind procedure. In a double-blind procedure, neither the participant nor the experimenter
knows which condition the participant is in. For example, when participants are given the
happy pill or the fake pill, they don't know which one they are receiving. This way the
participants shouldn't experience the placebo effect, and will be unable to behave as the
researcher expects (participant demand). Likewise, the researcher doesn't know which pill
each participant is taking (at least in the beginning—later, the researcher will get the results
for data-analysis purposes), which means the researcher’s expectations can't influence his or
her observations. Therefore, because both parties are “blind” to the condition, neither will be
able to behave in a way that introduces a confound. At the end of the day, the only difference
between groups will be which pills the participants received, allowing the researcher to
determine if the happy pill actually caused people to be happier.

Correlational Designs

When scientists passively observe and measure phenomenaitis called correlational research.
Here, we do not intervene and change behavior, as we do in experiments. In correlational
research, we identify patterns of relationships, but we usually cannot infer what causes what.
Importantly, with correlational research, you can examine only two variables at a time, no
more and no less.
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So, what if you wanted to test whether spending on others is related to happiness, but you
don't have $20 to give to each participant? You could use a correlational design—which is
exactly what Professor Dunn did, too. She asked people how much of their income they spent
on others or donated to charity, and later she asked them how happy they were. Do you think
these two variables were related? Yes, they were! The more money people reported spending
on others, the happier they were.

More details about the correlation

To find out how well two variables correspond, we can plot the relation between the two
scores on what is known as a scatterplot (Figure 1). In the scatterplot, each dot represents a
data point. (In this case it's individuals, but it could be some other unit.) Importantly, each dot
provides us with two pieces of information—in this case, information about how good the
person rated the past month (x-axis) and how happy the person felt in the past month (y-
axis). Which variable is plotted on which axis does not matter.

S ) ) The association between two variables
can be summarized statistically using the
a5 correlation coefficient (abbreviated as r).
A correlation coefficient provides information
ﬁ 4 5 5 about the direction and strength of the
£ association between two variables. For
§ 35 the example above, the direction of the
T association is positive. This means that
31 o o people who perceived the past month as
being good reported feeling more happy,
251 whereas people who perceived the
, month as being bad reported feeling less
1 0 o
R S B

Rating of the past month With a positive correlation, the two

Figure 1. Scatterplot of the association between happiness and variables g0 up or down together. In a
ratings of the past month, a positive correlation (r = .81). Each dot scatterplot, the dots form a pattern that
represents an individual. extends from the bottom left to the upper

right (just as they do in Figure 1). The r
value for a positive correlation is indicated by a positive number (although, the positive sign
is usually omitted). Here, the r value is .81.
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A negative correlation is one in which the two variables move in opposite directions. That is,
as one variable goes up, the other goes down. Figure 2 shows the association between the
average height of males in a country (y-axis) and the pathogen prevalence (or commonness
of disease; x-axis) of that country. In this scatterplot, each dot represents a country. Notice
how the dots extend from the top left to the bottom right. What does this mean in real-world
terms? It means that people are shorter in parts of the world where there is more disease.
The rvalue for a negative correlation is indicated by a negative number—thatis, it has a minus
(<) sign in front of it. Here, it is -.83.

The strength of a correlation has to

do with how well the two variables g bl &

align. Recall thatin Professor Dunn’s ot

correlational study, spending on 'Eo 1801 § o

others positively correlated with g o ;’oo °

happiness: The more money people % 1731 B o° oo °
reported spending on others, the £ -
happier they reported to be. At this & 71 o ° o
point you may be thinking to g °

yourself, | know a very generous é 165 1 ®o
person who gave away lots of

money to other people but is 160

miserable! Or maybe you know of a 45 10 05 0.0 0.5 1.0 15
very stingy person who is happy as Pathogen prevalence

can be. Yes, there might be

. Lo Figure 2. Scatterplot showing the association between average male
exceptions. If an association has

height and pathogen prevalence, a negative correlation (r = -.83). Each
many exceptions, it is considered a

weak correlation. If an association

has few or no exceptions, it is considered a strong correlation. A strong correlation is one in
which the two variables always, or almost always, go together. In the example of happiness
and how good the month has been, the association is strong. The stronger a correlation is,
the tighter the dots in the scatterplot will be arranged along a sloped line.

dot represents a country. (Chiao, 2009)

The rvalue of a strong correlation will have a high absolute value. In other words, you disregard
whether there is a negative sign in front of the r value, and just consider the size of the
numerical value itself. If the absolute valueis large, itis a strong correlation. Aweak correlation
is one in which the two variables correspond some of the time, but not most of the time.
Figure 3 shows the relation between valuing happiness and grade point average (GPA). People
who valued happiness more tended to earn slightly lower grades, but there were lots of
exceptions to this. The r value for a weak correlation will have a low absolute value. If two
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variables are so weakly related as to be unrelated, we say they are uncorrelated, and the r
value will be zero or very close to zero. In the previous example, is the correlation between
height and pathogen prevalence strong? Compared to Figure 3, the dots in Figure 2 are tighter
and less dispersed. The absolute value of -.83 is large. Therefore, it is a strong negative

correlation.

Can you guess the strength and

4.00 4 direction of the correlation between
age and year of birth? If you said this is

E 3504 a strong negative correlation, you are
E o ° correct! Older people always have
. lower years of birth than younger
g e ° people (e.g., 1950 vs. 1995), but at the
= o same time, the older people will have
2.50] ahigher age (e.g., 65 vs. 20). In fact, this

is a perfect correlation because there

S o are no exceptions to this pattern. |
challenge you to find a 10-year-old

1 2

3

4

. born before 2003! You can't.
Value happiness

Figure 3. Scatterplot showing the association between valuing

Problems with the correlation

happiness and GPA, a weak negative correlation (r = -.32). Each dot
represents an individual.

If generosity and happiness are
positively correlated, should we conclude that being generous causes happiness? Similarly, if
height and pathogen prevalence are negatively correlated, should we conclude that disease
causes shortness? From a correlation alone, we can't be certain. For example, in the first case
it may be that happiness causes generosity, or that generosity causes happiness. Or, a third
variable might cause both happiness and generosity, creating the illusion of a direct link
between the two. For example, wealth could be the third variable that causes both greater
happiness and greater generosity. This is why correlation does not mean causation—an often
repeated phrase among psychologists.

Qualitative Designs

Just as correlational research allows us to study topics we can't experimentally manipulate (e.
g., whether you have a large or small income), there are other types of research designs that
allow us to investigate these harder-to-study topics. Qualitative designs, including participant
observation, case studies, and narrative analysis are examples of such methodologies.
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Although something as simple as “observation” may seem like it would be a part of all research
methods, participant observation is a distinct methodology that involves the researcher
embedding him- or herselfinto a group in order to study its dynamics. For example, Festinger,
Riecken, and Shacter (1956) were very interested in the psychology of a particular cult.
However, this cult was very secretive and wouldn't grant interviews to outside members. So,
in order to study these people, Festinger and his colleagues pretended to be cult members,
allowing them access to the behavior and psychology of the cult. Despite this example, it
should be noted that the people being observed in a participant observation study usually

know that the researcher is there to study them.

Another qualitative method for research is the case study, which involves an intensive
examination of specific individuals or specific contexts. Sigmund Freud, the father of
psychoanalysis, was famous for using this type of methodology; however, more current
examples of case studies usually involve brain injuries. For instance, imagine that researchers
want to know how a very specific brain injury affects people’s experience of happiness.
Obviously, the researchers can't conduct experimental research that involves inflicting this
type of injury on people. At the same time, there are too few people who have this type of
injury to conduct correlational research. In such an instance, the researcher may examine
only one person with this brain injury, but in doing so, the researcher will put the participant
through a very extensive round of tests. Hopefully what is learned from this one person can
be applied to others; however, even with thorough tests, there is the chance that something
unique about this individual (other than the brain injury) will affect his or her happiness. But
with such a limited number of possible participants, a case study is really the only type of
methodology suitable for researching this brain injury.

The final qualitative method to be discussed in this section is narrative analysis. Narrative
analysis centers around the study of stories and personal accounts of people, groups, or
cultures. In this methodology, rather than engaging with participants directly, or quantifying
their responses or behaviors, researchers will analyze the themes, structure, and dialogue of
each person’s narrative. That is, a researcher will examine people’s personal testimonies in
order to learn more about the psychology of those individuals or groups. These stories may
be written, audio-recorded, or video-recorded, and allow the researcher not only to study
what the participant says but how he or she says it. Every person has a unique perspective on
the world, and studying the way he or she conveys a story can provide insight into that
perspective.

Quasi-Experimental Designs
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What if you want to study the effects of marriage on a variable? For example, does marriage
make people happier? Can you randomly assign some people to get married and others to
remain single? Of course not. So how can you study these important variables? You can use
a quasi-experimental design.

A quasi-experimental design is similar
to experimental research, except that
random assignment to conditions is
not used. Instead, we rely on existing
group memberships (e.g., married vs.
single). We treat these as the
independentvariables, eventhoughwe
don't assign people to the conditions
and don't manipulate the variables. As
a result, with quasi-experimental
designs causal inference is more
difficult. For example, married people
might differ on a variety of characteristics
from unmarried people. If we find that
married participants are happier than
single participants, it will be hard to say that marriage causes happiness, because the people
who got married might have already been happier than the people who have remained single.

What is a reasonable way to study the effects of marriage on

happiness? (Photo: Nina Matthews Photography)

Because experimental and quasi-experimental designs can seem pretty similar, let's take
another example to distinguish them. Imagine you want to know who is a better professor:
Dr. Smith or Dr. Khan. To judge their ability, you're going to look at their students’ final grades.
Here, the independent variable is the professor (Dr. Smith vs. Dr. Khan) and the dependent
variable is the students’ grades. In an experimental design, you would randomly assign
students to one of the two professors and then compare the students’ final grades. However,
in real life, researchers can't randomly force students to take one professor over the other;
instead, the researchers would just have to use the preexisting classes and study them as-is
(quasi-experimental design). Again, the key difference israndom assignment to the conditions
of the independent variable. Although the quasi-experimental design (where the students
choose which professor they want) may seem random, it's most likely not. For example, maybe
students heard Dr. Smith sets low expectations, so slackers prefer this class, whereas Dr. Khan
sets higher expectations, so smarter students prefer that one. This now introduces a
confounding variable (student intelligence) that will almost certainly have an effect on
students’ final grades, regardless of how skilled the professor is. So, even though a quasi-
experimental design is similar to an experimental design (i.e., it has a manipulated



Research Designs 32

independentvariable), because there’'s no random assignment, you can't reasonably draw the
same conclusions that you would with an experimental design.

Longitudinal Studies

Another powerful research design is the longitudinal study. Longitudinal studies track the
same people over time. Some longitudinal studies last a few weeks, some a few months, some
a year or more. Some studies that have contributed a lot to psychology followed the same
people over decades. For example, one study followed more than 20,000 Germans for two
decades. From these longitudinal data, psychologist Rich Lucas (2003) was able to determine
that people who end up getting married indeed start off a bit happier than their peers who
never marry. Longitudinal studies like this provide valuable evidence for testing many theories
in psychology, but they can be quite costly to conduct, especially if they follow many people

for many years.

Surveys

A survey is a way of gathering
information, using old-fashioned
questionnaires or the Internet.
Compared to a study conducted
in a psychology laboratory,
surveys can reach a larger
number of participants at a
much lower cost. Although
surveys are typically used for
correlational research, thisis not

£

Surveys provide researchers with some significant advantages in gathering always the case. An experiment
data. They make it possible to reach large numbers of people while keeping can be carried out using surveys
costs to the researchers and the time commitments of participants relatively as well. For examp|e' King and

low. Napa (1998) presented participants

with different types of stimuli on
paper: either a survey completed by a happy person or a survey completed by an unhappy
person. They wanted to see whether happy people were judged as more likely to get into
heaven compared to unhappy people. Can you figure out the independent and dependent
variables in this study? Can you guess what the results were? Happy people (vs. unhappy
people; the independent variable) were judged as more likely to go to heaven (the dependent

variable) compared to unhappy people!
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Likewise, correlational research can be conducted without the use of surveys. For instance,
psychologists LeeAnn Harker and Dacher Keltner (2001) examined the smile intensity of

women'’s college yearbook photos. Smiling in the photos was correlated with being married
10 years later!

Tradeoffs in Research

Even though there are serious limitations to correlational and quasi-experimental research,
they are not poor cousins to experiments and longitudinal designs. In addition to selecting a
method that is appropriate to the question, many practical concerns may influence the
decision to use one method over another. One of these factors is simply resource availability
—how much time and money do you have to invest in the research? (Tip: If you're doing a
senior honor's thesis, do not embark on a lengthy longitudinal study unless you are prepared
to delay graduation!) Often, we survey people even though it would be more precise—but
much more difficult—to track them longitudinally. Especially in the case of exploratory
research, it may make sense to opt for a cheaper and faster method first. Then, if results from
the initial study are promising, the researcher can follow up with a more intensive method.

Beyond these practical concerns, another consideration in selecting a research design is the
ethics of the study. For example, in cases of brain injury or other neurological abnormalities,
it would be unethical for researchers to inflict these impairments on healthy participants.
Nonetheless, studying people with these injuries can provide great insight into human
psychology (e.g., if we learn that damage to a particular region of the brain interferes with
emotions, we may be able to develop treatments for emotional irregularities). In addition to
brain injuries, there are numerous other areas of research that could be useful in
understanding the human mind but which pose challenges to a true experimental design—
such as the experiences of war, long-term isolation, abusive parenting, or prolonged drug
use. However, none of these are conditions we could ethically experimentally manipulate and
randomly assign people to. Therefore, ethical considerations are another crucial factor in
determining an appropriate research design.

Research Methods: Why You Need Them

Justlook atany major news outletand you'll find research routinely being reported. Sometimes
the journalist understands the research methodology, sometimes not (e.g., correlational
evidence is often incorrectly represented as causal evidence). Often, the media are quick to
draw a conclusion for you. After reading this module, you should recognize that the strength
of a scientific finding lies in the strength of its methodology. Therefore, in order to be a savvy
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consumer of research, you need to understand the pros and cons of different methods and
the distinctions among them. Plus, understanding how psychologists systematically go about
answering research questions will help you to solve problems in other domains, both personal
and professional, not just in psychology.
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Outside Resources

Article: Harker and Keltner study of yearbook photographs and marriage
http://psycnet.apa.org/journals/psp/80/1/112/

Article: Spending money on others promotes happiness. Elizabeth Dunn’s research
https://www.sciencemag.org/content/319/5870/1687.abstract

Article: What makes a life good?
http://psycnet.apa.org/journals/psp/75/1/156/

Artilce: Rich Lucas's longitudinal study on the effects of marriage on happiness
http://psycnet.apa.org/journals/psp/84/3/527/

Discussion Questions

1. What are some key differences between experimental and correlational research?
2. Why might researchers sometimes use methods other than experiments?

3. How do surveys related to correlational and experimental designs?
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Vocabulary

Confounds

Factors that undermine the ability to draw causal inferences from an experiment.

Correlation
Measures the association between two variables, or how they go together.

Dependent variable

The variable the researcher measures but does not manipulate in an experiment.

Experimenter expectations
When the experimenter’s expectations influence the outcome of a study.

Independent variable

The variable the researcher manipulates and controls in an experiment.

Longitudinal study
A study that follows the same group of individuals over time.

Operational definitions

How researchers specifically measure a concept.

Participant demand

36

When participants behave in a way that they think the experimenter wants them to behave.

Placebo effect

When receiving special treatment or something new affects human behavior.

Quasi-experimental design

An experiment that does not require random assignment to conditions.

Random assignment

Assigning participants to receive different conditions of an experiment by chance.
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Chapter 3: Biological Psychology
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The Brain and Nervous System

Robert Biswas-Diener

The brain is the most complex part of the human body. It is the center of consciousness and
also controls all voluntary and involuntary movement and bodily functions. It communicates
with each part of the body through the nervous system, a network of channels that carry
electrochemical signals.

Learning Objectives

e Name the various parts of the nervous system and their respective functions
e Explain how neurons communicate with each other

¢ |dentify the location and function of the limbic system

e Articulate how the “motor strip” is an example of brain region specialization

e Name at least three neuroimaging techniques and describe how they work

In the 1800s a German scientist by the name of Ernst Weber conducted several experiments
meant to investigate how people perceive the world via their own bodies. It is obvious that
we use our sensory organs—our eyes, and ears, and nose—to take in and understand the
world around us. Weber was particularly interested in the sense of touch. Using a drafting
compass he placed the two points far apart and set them on the skin of a volunteer. When
the points were far apart the research participants could easily distinguish between them. As
Weber repeated the process with ever closer points, however, most people lost the ability to
tell the difference between them. Weber discovered that the ability to recognize these “just
noticeable differences” depended on where on the body the compass was positioned. Your
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back, for example, is far less sensitive to touch than is the skin on your face. Similarly, the tip
of your tongue is extremely sensitive! In this way, Weber began to shed light on the way that
nerves, the nervous system, and the brain form the biological foundation of psychological

processes.

In this module we will explore the
biological side of psychology by paying
particular attention to the brain and to
the nervous system. Understanding
the nervous system s vital to
understanding psychology in general.
It is through the nervous system that
we experience pleasure and pain, feel
emotions, learn and use language, and
plan goals, just to name a few
examples. In the pages that follow we
will begin by examining how the human
nervous system develops and then we
will learn about the parts of the brain
Measuring “just noticeable differences.” and how they function. We will

conclude with a section on how

modern psychologists study the brain.

It is worth mentioning here, at the start, that an introduction to the biological aspects of
psychology can be both the mostinteresting and most frustrating of all topics for new students
of psychology. This is, in large part, due to the fact that there is so much new information to
learnand newvocabulary associated with allthe various parts of the brainand nervous system.
In fact, there are 30 key vocabulary words presented in this module! We encourage you not
to get bogged down in difficult words. Instead, pay attention to the broader concepts, perhaps
even skipping over the vocabulary on your first reading. It is helpful to pass back through with
a second reading, once you are already familiar with the topic, with attention to learning the
vocabulary.

Nervous System development across the human lifespan

As a species, humans have evolved a complex nervous system and brain over millions of years.
Comparisons of our nervous systems with those of other animals, such as chimpanzees, show
some similarities. Researchers can also use fossils to study the relationship between brain
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volume and human behavior over the course of evolutionary history. Homo habilis, for
instance, a human ancestor living about 2 million years ago shows a larger brain volume than
its own ancestors but far less than modern homo sapiens. The main difference between
humans and other animals-- in terms of brain development-- is that humans have a much
more developed frontal cortex (the front part of the brain associated with planning).

Interestingly, a person’s unique nervous system develops over the course of their lifespan in
a way that resembles the evolution of nervous systems in animals across vast stretches of
time. For example, the human nervous system begins developing even before a person is
born. It begins as a simple bundle of tissue that forms into a tube and extends along the head-
to-tail plane becoming the spinal cord and brain. By day 40 of gestation (40 days after
fertilization of the egg) the spinal cord, hindbrain, midbrain and forebrain are all visibly distinct.
What, exactly, is this nervous system that is developing and what does it do?

The nervous system can be thought of as the body’s communication network that consists
of all nerve cells. There are many ways in which we can divide the nervous system to
understand it more clearly. One common way to do so is by parsing it into the central nervous
system and the peripheral nervous system. Each of these can be sub-divided, in turn. Let's
take a closer, more in-depth look at each. And, don't worry, the nervous system is complicated
with many parts and many new vocabulary words. It might seem overwhelming at first but
through the figures and a little study you can get it.

The Central Nervous System (CNS): The
Neurons inside the Brain

The Central Nervous System, or CNS for short, is made m
up of the brain and spinal cord (see Figure 1). The CNS is
the portion of the nervous system thatis encasedin bone
(the brain is protected by the skull and the spinal cord is
protected by the spinal column). It is referred to as
“central” because it is the brain and spinal cord that are
primarily responsible for processing sensoryinformation -
—touching a hot stove or seeing a rainbow, for example
—and sending signals to the peripheral nervous system

for action. It communicates largely by sending electrical

signals through individual nerve cells that make up the

fundamental building blocks of the nervous system,

called neurons. There are approximately 100 billion  Figure 1: The central nervous system

central
nervous
system
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neuronsinthe human brain and each has many contacts with other neurons, called synapses.

If we were able to magnify a view of individual neurons we would see that they are cells made
from distinct parts (see Figure 2). The three main components of a neuron are the dendrites,
the soma, and the axon. Neurons communicate with one another by receiving information
through the dendrites, which act as an antenna. When the dendrites channel this information
to the soma, or cell body, it builds up as an electro-chemical signal. This electrical part of the
signal, called an action potential shoots down the axon, a long tail that leads away from the
soma and toward the next neuron. When people talk about “nerves” in the nervous system,
it typically refers to bundles of axons that form long neural wires along which electrical signals
can travel. Cell-to-cell communication is helped by the fact that the soma is covered by a
myelin sheath—a layer of fatty cells that allow the signal to travel very rapidly from neuron
to neuron.

dendrites synapse dendrites

myelin
sheath

Figure 2: The parts of a neuron

If we were to zoom in still further we could take a closer look at the synapse, the space between
neurons (see Figure 3). Here, we would see that there is a space between neurons, called the
synaptic gap. To give you a sense of scale we can compare the synaptic gap to the thickness
of a dime, the thinnest of all American coins (about 1.35 mm). You could stack approximately
70,000 synaptic gaps in the thickness of a single coin!

As the action potential, the electrical signal reaches the end of the axon, tiny packets of
chemicals, called neurotransmitters, are released. This is the chemical part of the electro-
chemical signal. These neurotransmitters are the chemical signals that travel from one neuron
to another, enabling them to communicate with one another. There are many different types



The Brain and Nervous System 43

of neurotransmittersand each has a specialized function. For example, serotonin affects sleep,
hunger and mood. Dopamine is associated with attention, learning and pleasure.

It is amazing to realize that when you think—

vesicle . when you reach out to grab a glass of water,
presynaptic ] ) .

terminal when you realize that your best friend is

butten happy, when you try to remember the name

of the parts of a neuron—what you are

experiencing is actually electro-chemical

impulses shooting between nerves!

ts ti
P epine. The Central Nervous System:

Looking at the Brain as a Whole

receptor

Figure 3: A view of the synapse between neurons

If we were to zoom back out and look at the central nervous system again we would see that
the brainis the largest single part of the central nervous system. The brainis the headquarters
of the entire nervous system and it is here that most of your sensing, perception, thinking,
awareness, emotions, and planning take place. For many people the brain is so important
that there is a sense that it is there—inside the brain—that a person’s sense of self is located
(as opposed to being primarily in your toes, by contrast). The brain is so important, in fact,
that it consumes 20% of the total oxygen and calories we consume even though it is only, on
average, about 2% of our overall weight.

Itis helpful to examine the various parts of the brain and to understand their unique functions
to get a better sense of the role the brain plays. We will start by looking at very general areas
of the brain and then we will zoom in and look at more specific parts. Anatomists and
neuroscientists often divide the brain into portions based on the location and function of
various brain parts. Among the simplest ways to organize the brain is to describe it as having
three basic portions: the hindbrain, midbrain and forebrain. Another way to look at the brain
is to consider the brain stem, the Cereblellum, and the Cerebrum. There is another part,
called the Limbic System that is less well defined. It is made up of a number of structures that
are “sub-cortical” (existing in the hindbrain) as well as regions of the Cerebrum (see Figure 4).

The brain stem is the most basic structure of the brain and is located at the top of the spine
and bottom of the brain. It is sometimes considered the “oldest” part of the brain because we
can see similar structures in other, less evolved animals such as crocodiles. It is in charge of
a wide range of very basic “life support” functions for the human body including breathing,
digestion, and the beating of the heart. Amazingly, the brain stem sends the signals to keep
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these processes running smoothly without any conscious effort on our behalf.

The limbic system is a collection of highly specialized neural structures that sit at the top of
the brain stem, which are involved in regulating our emotions. Collectively, the limbic system
is a term that doesn’t have clearly defined areas as it includes forebrain regions as well as
hindbrain regions. These include the amygdala, the pituitary gland, the thalamus and the
hypothalamus. These structures influence hunger, the sleep-wake cycle, sexual desire, fear
and aggression, and even memory.

The cerebellum is a structure at the very back of the brain. Aristotle referred to it as the “small
brain” based on it