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The goal of scientific psychology



Ask any scientist what he conceives the scientific
method to be, and he will adopt an expression that is
at once solemn and shifty-eyed; solemn, because he feels
he ought to declare an opinion, shifty-eyed because he is
wondering how to conceal the fact that he has no opinion
to declare.

If taunted he would probably mumble something
about “Induction” and “Establishing the Laws of Na-
ture,” but if anyone working in a laboratory professed to
be trying to establish Laws of Nature by induction, we
should begin to think he was overdue for leave.

(P. B. MEDAWAR)
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The goal of scientific psychology

• The goal of scientific psychology is to understand why
people think and act as they do.

• In contrast to nonscientists, who rely on informal and
secondary sources of knowledge, psychologists use a
variety of well-developed techniques to gather information
and develop theoretical explanations.
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Social Loafing

• A common observation—one you probably have made
yourself on many occasions—is that people working in a
group often seem to “slack off ” in their effort. Many
people in groups seem willing to let a few do the work.

• Bibb Latané, a social psychologist, noticed this tendency
and decided to study it experimentally.

• Initially, Latané examined the research literature for
evidence of this phenomenon of people working less hard
in groups, which he named social loafing(社会懈怠).
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Rope pulling: An earliest study

• One of the earliest studies of social loafing was con-
ducted by a French agricultural engineer (Kravitz &
Martin, 1986; Ringelmann, 1913) who asked people to
pull on a rope as hard as they could.

• The subjects pulled by themselves or with one, two, or
seven others. A sensitive gauge was used to measure how
hard they pulled the rope.

• If people exert the same amount of effort in groups as
when alone, then the group performance should be the
sum of the efforts of all individuals.

• Ringelmann discovered that groups of two pulled at only
95 percent of their capacity, and groups of three and eight
sank to 85 percent and 49 percent, respectively.
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Social Loafing

• Latané and his colleagues went on to perform a systematic
series of experiments on the phenomenon of social loafing.

• They first showed that the phenomenon could be obtained
in other experimental situations besides that of rope
pulling.

• They also demonstrated that social loafing occurs in several
different cultures and even holds for young children.

• Thus, social loafing seems to be a pervasive characteristic
of working in groups.
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Social Loafing and Diffusion of responsibility

• Latané has related this work to a more general theory of
human social behavior.

• The evidence from the experimental studies points to
diffusion of responsibility (责任扩散) as a possible reason
for social loafing.

• People working by themselves think they are responsible
for completing the task; when they work in groups,
however, this feeling of responsibility diffuses to others.

• The same idea accounts for behavior in other group
situations.
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Social Loafing: Application

• One possible benefit of such basic research into a
phenomenon is that the findings may be applied later to
solve some practical problem.

• Williams, Harkins, and Latané (1981) found conditions
that eliminated the effect of social loafing.

• When individual performance (rather than just
performance of the entire group) could be monitored
within the group situation, the individuals worked just as
hard as they did when they worked alone.
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Social Loafing

• The research on social loafing is used to illustrate several
aspects of psychological science - its purposes, its sources,
and its nature.
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Curiosity: The Wellspring of Science



Scientific Curiosity

• A scientist wants to discover how and why things work. In
this desire, he or she is not different from a child or
anyone else who is curious about the world we inhabit.

• It is not so much that scientists are more curious than
other people as it is that they are willing to go to much
greater lengths to satisfy their curiosity than are
nonscientists.

• This unwillingness to tolerate unanswered questions and
unsolved problems has led science to develop several
techniques for obtaining relief from curiosity. It is the
careful application of these techniques that distinguishes
scientific curiosity from everyday curiosity.
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Scientific Curiosity

• The common denominator for many of these scientific
techniques is skepticism. Skepticism is the philosophical
belief that the truth of all knowledge is questionable.

• Therefore, all inquiry must be accompanied by reasonable
doubt. No scientific fact can be known with 100 percent
certainty.

• Of what use is scientific curiosity?
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Fixation of Belief

• The scientific method is a valid way to acquire knowledge
about the world around us.

• What characteristics of the scientific approach make it a
desirable way to learn about and arrive at beliefs about the
nature of things?

• Perhaps the best way to answer this question is to contrast
science with other modes of fixing belief, since science is
only one way in which beliefs are formed.
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Methods of Developing Beliefs

• More than 100 years ago, the American philosopher
Charles Sanders Peirce (1877) compared the scientific way
of knowing with three other methods of developing
beliefs. He called these the authority, tenacity, and a priori
methods.

• Method of authority (权威法) of fixing belief is to take
someone else’s word on faith.

• Method of tenacity (惯常法) fixing belief is one in which
a person steadfastly refuses to alter acquired knowledge,
regardless of evidence to the contrary.

• Method of a priori (先验法) refers to something that is
believed without prior study or examination.
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Scientific Method

• The last of Peirce’s methods, the scientific method, fixes
belief on the basis of experience.

• Science is based on the assumption that events have causes
and that we can discover those causes through controlled
observation.

• This belief, that observable causes determine events, is
known as determinism (决定论).

• If we define scientific psychology (as well as science in
general) as a repeatable, self-correcting (自我纠错)
undertaking that seeks to understand phenomena on the
basis of empirical (经验主义) observation, then we can
see several advantages to the scientific method over the
methods just outlined.
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Scientific Method

• The first advantage of the scientific method is its emphasis
on observation. None of those other methods relies on
data (observations of the world) obtained by systematic
observation.

• The second advantage of science is that it offers procedures
for establishing the superiority of one belief over another.

• Empirical, public observations are the cornerstone of the
scientific method, because they make science a
self-correcting endeavor.
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What Is a Theory?

• A theory can be crudely defined as a set of related
statements that explains a variety of occurrences.

• The more the occurrences and the fewer the statements,
the better the theory.
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Two major functions of a theory in psychology

(1) It provides a framework for the systematic and orderly
display of data - that is, it serves as a convenient way for
the scientist to organize data.

• Even the most dedicated inductive scientist will eventually
have difficulty remembering the outcomes of dozens of
experiments.

• Theory can be used as a kind of filing system to help
experimenters organize results.
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Two major functions of a theory in psychology

(2) It allows the scientist to generate predictions for situations
in which no data have been obtained.

• The greater the degree of precision of these predictions,
the better the theory.

• With the best of intentions, scientists who claim to be
testing the same theory often derive from the theory
different predictions about the same situation.

21/79



Two major functions of a theory in psychology

(2) It allows the scientist to generate predictions for situations
in which no data have been obtained.

• The greater the degree of precision of these predictions,
the better the theory.

• With the best of intentions, scientists who claim to be
testing the same theory often derive from the theory
different predictions about the same situation.

21/79



Two major functions of a theory in psychology

(2) It allows the scientist to generate predictions for situations
in which no data have been obtained.

• The greater the degree of precision of these predictions,
the better the theory.

• With the best of intentions, scientists who claim to be
testing the same theory often derive from the theory
different predictions about the same situation.

21/79



Two major functions of a theory in psychology

(2) It allows the scientist to generate predictions for situations
in which no data have been obtained.

• The greater the degree of precision of these predictions,
the better the theory.

• With the best of intentions, scientists who claim to be
testing the same theory often derive from the theory
different predictions about the same situation.

21/79



The status of psychological theory

• This unfortunate circumstance is relatively more common
in psychology, where many theories are stated in a loose
verbal fashion, than in physics, where theories are more
formal and better quantified through the use of
mathematics.

• Although psychologists are rapidly becoming equipped to
state their theories more precisely through such formal
mechanisms as mathematics and computer simulations,
the typical psychological theory is still not as precise as
theories in more established, older sciences.
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Two major functions of a theory in psychology

• Theories are devised to organize concepts and facts into a
coherent pattern and to predict additional observations.

• Sometimes the two functions of theory - organization and
prediction - are called description (描述) and explanation
(解释), respectively.

• Unfortunately, formulating the roles of theory in this
manner often leads to an argument about the relative
superiority of deductive or inductive approaches to science
- a discussion the following section concludes is fruitless.
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Deductive and inductive approaches

• According to the deductive scientist, the inductive
scientist is concerned only with description.

• The inductive scientist defends against this charge by
retorting that description is explanation - if a psychologist
could correctly predict and control all behavior by referring
to properly organized sets of results, then that psychologist
would also be explaining behavior.
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Deductive and inductive approaches

• The argument is futile because both views are correct.
• If all the necessary data were properly organized,

predictions could be made without recourse to a formal
body of theoretical statements.

• Since all the data are not properly organized as yet, and
perhaps never will be, theories are required to bridge the
gap between knowledge and ignorance.

• Remember, however, that theories will never be complete,
because all the data will never be available.
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Deductive and inductive approaches

• So, we have merely recast the argument between inductive
and deductive views about which approach will more
quickly and surely lead to truth.

• Ultimately, description and explanation may be equivalent.
• The two terms describe the path taken more than they

describe the eventual theoretical outcome.
• To avoid this pitfall, we shall refer to the two major

functions of theory as organization and prediction rather
than as description and explanation.
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Induction and Deduction



Data and Theory

• Certain basic elements are shared by all approaches to
science. The most important of these are data (数据)
(empirical observations) and theory (理论) (organization
of concepts that permit prediction of data).

• Science needs and uses both data and theory. However, in
the history of science, individual scientists have differed
about which is more important and which comes first.

• Trying to decide this is a little like trying to decide
whether the chicken or the egg comes first.

• Science attempts to understand why things work the way
they do, and, as we will argue, understanding involves both
data and theory.
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Induction and Deduction

• Although Bacon recognized the importance of both data
and theory, he believed in the primacy of empirical
observations; modern scientists also emphasize data and
view progress in science as working from data to theory.

• Such an approach is an example of induction (归纳法), in
which reasoning proceeds from particular data to a general
theory.

• The converse approach, which emphasizes theory
predicting data, is called deduction (演绎法); here,
reasoning proceeds from a general theory to particular
data (Figure 1).
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Induction

• Because empirical observations (观察) distinguish science
from other modes of fixing belief, many have argued that
induction must be the way that science should work.

• As Harré (1983) states it, “Observations and the results of
experiments are said to be ‘data,’ which provide a sound
and solid base for the erection of the fragile edifice of
scientific thought” (p. 6).

• In the case of social loafing, the argument would be that
the facts of social loafing derived from experimentation
produced the theory of diffusion of responsibility.
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A Theory Organizes and Predicts Data

Figure 1: A Theory Organizes and Predicts Data
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Induction

• One problem with a purely inductive approach has to do
with the finality of empirical observations.

• Scientific observations are tied to the circumstances under
which they are made, which means that the laws or
theories that are induced from them must also be limited
in scope.

• Subsequent experiments in different contexts may suggest
another theory or modifications to an existing one, so our
theories that are induced on the basis of particular
observations can (and usually do) change when other
observations are made.
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Induction

• This, of course, is a problem only if one takes an
authoritarian view of ideas and believes in clinging
tenaciously to a particular theory.

• Thus, theories induced from observations are tentative
ideas, not final truths, and the theoretical changes that
occur as a result of continued empirical work exemplify the
self-correcting nature of science.
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Dedution

• According to the deductive view, which emphasizes the
primacy of theory, the important scientific aspect of the
social loafing research is the empirical guidance provided
by the formal theory of social loafing.

• Furthermore, the more general theory, diffusion of
responsibility, provides an understanding of social loafing.

• The deductive approach holds well-developed theories in
high regard.

• Casual observations, informal theories, and data take
second place to broad theories that describe and predict a
substantial number of observations.
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Deduction

• From the standpoint of the deductive approach, scientific
understanding means, in part, that a theory will predict
that certain kinds of empirical observations should occur.

• In the case of social loafing, the theory of diffusion of
responsibility suggests that monitoring individual
performance in a group should reduce the diffusion of
responsibility, which in turn will reduce the amount of
social loafing that is observed.

• This prediction, as we have seen, proves to be correct.
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Deduction and falsifiability view

• But what do correct predictions reveal?
• If a theory is verified by the results of experiments, a

deductive scientist might have increased confidence in the
veracity of the theory.

• However, since empirical observations are not final and
can change, something other than verification may be
essential for acceptance or rejection of a theory.

• Popper (1961), a philosopher of science, has suggested
that good theories must be fallible; that is, the empirical
predictions must be capable of tests that could show them
to be false. This suggestion of Popper’s has been called the
falsifiability view (可证伪性).
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Deduction and falsifiability view

• According to the falsifiability view, the temporary nature
of induction makes negative evidence more important
than positive support.

• If a prediction is supported by data, one cannot say that
the theory is true. However, if a theory leads to a
prediction that is not supported by the data, then Popper
would argue that the theory must be false, and it should be
rejected.

• According to Popper, a theory can never be proven; it can
only be disproven.

36/79



Deduction and falsifiability view

• According to the falsifiability view, the temporary nature
of induction makes negative evidence more important
than positive support.

• If a prediction is supported by data, one cannot say that
the theory is true. However, if a theory leads to a
prediction that is not supported by the data, then Popper
would argue that the theory must be false, and it should be
rejected.

• According to Popper, a theory can never be proven; it can
only be disproven.

36/79



Deduction and falsifiability view

• According to the falsifiability view, the temporary nature
of induction makes negative evidence more important
than positive support.

• If a prediction is supported by data, one cannot say that
the theory is true. However, if a theory leads to a
prediction that is not supported by the data, then Popper
would argue that the theory must be false, and it should be
rejected.

• According to Popper, a theory can never be proven; it can
only be disproven.

36/79



Deduction and falsifiability view

• According to the falsifiability view, the temporary nature
of induction makes negative evidence more important
than positive support.

• If a prediction is supported by data, one cannot say that
the theory is true. However, if a theory leads to a
prediction that is not supported by the data, then Popper
would argue that the theory must be false, and it should be
rejected.

• According to Popper, a theory can never be proven; it can
only be disproven.

36/79



Deduction and falsifiability view

• Popper’s view about the difficulty of proving a theory can
be illustrated by thinking about a specific theory; for
example, does a bag of marbles contain only black
marbles?

• If the bag is infinitely large, the theory can never be
proven because the next marble you examine might be
white.
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Objections to Popper’s approach

• Proctor and Capaldi (2001) have noted two kinds of
objections to Popper’s approach.

• First, there is a logical problem (Salmon, 1988). Since a
theory potentially can always be disconfirmed by the next
experiment, the number of accomplished experiments
consistent with the theory is irrelevant.

• So logically a well-collaborated theory is not more
valuable and does not necessarily make better predictions
than a theory that has never been tested.
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Objections to Popper’s approach

• This logical view conflicts with the practical view that
scientists tend to be more comfortable with theories that
have passed several experimental tests.

• This practical view (Kuhn, 1970) is what Proctor and
Capaldi (2001) offer as the second, empirical, objection to
falsification:

• Theories tend to be accepted, at least initially, on the basis
of their ability to explain (organize) existing phenomena
more than on their ability to predict new results.
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One more problem with deduction

• One problem with the deductive approach has to do with
the theories themselves. Most theories include many
assumptions about the world that are difficult to test and
that may be wrong.

• In Latané’s work, one assumption underlying the general
theory is that measuring a person’s behavior in an
experimental context does not change the behavior in
question.

• Although this often is a reasonable assumption, we will
show later that people can react to being observed in
unusual ways, which means that this assumption is
sometimes wrong.

40/79



One more problem with deduction

• One problem with the deductive approach has to do with
the theories themselves. Most theories include many
assumptions about the world that are difficult to test and
that may be wrong.

• In Latané’s work, one assumption underlying the general
theory is that measuring a person’s behavior in an
experimental context does not change the behavior in
question.

• Although this often is a reasonable assumption, we will
show later that people can react to being observed in
unusual ways, which means that this assumption is
sometimes wrong.

40/79



One more problem with deduction

• One problem with the deductive approach has to do with
the theories themselves. Most theories include many
assumptions about the world that are difficult to test and
that may be wrong.

• In Latané’s work, one assumption underlying the general
theory is that measuring a person’s behavior in an
experimental context does not change the behavior in
question.

• Although this often is a reasonable assumption, we will
show later that people can react to being observed in
unusual ways, which means that this assumption is
sometimes wrong.

40/79



One more problem with deduction

• One problem with the deductive approach has to do with
the theories themselves. Most theories include many
assumptions about the world that are difficult to test and
that may be wrong.

• In Latané’s work, one assumption underlying the general
theory is that measuring a person’s behavior in an
experimental context does not change the behavior in
question.

• Although this often is a reasonable assumption, we will
show later that people can react to being observed in
unusual ways, which means that this assumption is
sometimes wrong.

40/79



One more problem with deduction

• If the untested assumptions are wrong, then a particular
experiment that falsifies a theory may have falsified it for
the wrong reasons. That is, the test of the theory may not
have been fair or appropriate.

• It can be concluded, therefore, that the deductive
approach by itself cannot lead to scientific understanding.
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Combination of induction and deduction

• At this point, you may be wondering whether scientific
understanding is possible if both induction and deduction
are not infallible. Do not despair.

• Science is self-correcting, and it can provide answers to
problems, however temporary those answers may be.
Scientific understanding changes as scientists ply their
trade.

• We have a better understanding of social loafing now than
we did before Latané and his coworkers undertook their
research.

• Through a combination of induction and deduction (see
Figure 1), science progresses toward a more thorough
understanding of its problems.
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The case of social loafing

• By way of concluding this section, we reexamine social
loafing.

• Initially, positive experimental results bolstered our
confidence in the general notion of social loafing. These
results, in turn, suggested hypotheses about the nature of
social loafing.

• Is it a general phenomenon that would influence even
group-oriented individuals? Does it occur in the
workplace as well as the laboratory?

• Positive answers to these questions are consistent with a
diffusion-of-responsibility interpretation of social loafing.

43/79



The case of social loafing

• By way of concluding this section, we reexamine social
loafing.

• Initially, positive experimental results bolstered our
confidence in the general notion of social loafing. These
results, in turn, suggested hypotheses about the nature of
social loafing.

• Is it a general phenomenon that would influence even
group-oriented individuals? Does it occur in the
workplace as well as the laboratory?

• Positive answers to these questions are consistent with a
diffusion-of-responsibility interpretation of social loafing.

43/79



The case of social loafing

• By way of concluding this section, we reexamine social
loafing.

• Initially, positive experimental results bolstered our
confidence in the general notion of social loafing. These
results, in turn, suggested hypotheses about the nature of
social loafing.

• Is it a general phenomenon that would influence even
group-oriented individuals? Does it occur in the
workplace as well as the laboratory?

• Positive answers to these questions are consistent with a
diffusion-of-responsibility interpretation of social loafing.

43/79



The case of social loafing

• By way of concluding this section, we reexamine social
loafing.

• Initially, positive experimental results bolstered our
confidence in the general notion of social loafing. These
results, in turn, suggested hypotheses about the nature of
social loafing.

• Is it a general phenomenon that would influence even
group-oriented individuals? Does it occur in the
workplace as well as the laboratory?

• Positive answers to these questions are consistent with a
diffusion-of-responsibility interpretation of social loafing.

43/79



The case of social loafing

• By way of concluding this section, we reexamine social
loafing.

• Initially, positive experimental results bolstered our
confidence in the general notion of social loafing. These
results, in turn, suggested hypotheses about the nature of
social loafing.

• Is it a general phenomenon that would influence even
group-oriented individuals? Does it occur in the
workplace as well as the laboratory?

• Positive answers to these questions are consistent with a
diffusion-of-responsibility interpretation of social loafing.

43/79



The case of social loafing

• In the next phase of the research, Latané and his
colleagues attempted to eliminate other explanations of
social loafing by falsifying predictions made by these
alternative theories.

• In their earlier work, Latané and his colleagues tested a
particular person’s effort both when alone and when in a
group.

• They subsequently reasoned that under these conditions, a
person might rest during the group test so that greater
effort could be allocated to the task when he or she was
tested alone.
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The case of social loafing

• To eliminate the possibility that allocation of effort rather
than diffusion of responsibility accounted for social
loafing, they conducted additional experiments in which a
person was tested either alone or in a group-but not in
both situations.

• Contrary to the allocation-of-effort hypothesis, the results
indicated that social loafing occurred when a person was
tested in just that one condition of being in a group
(Williams, Harkins, & Latané, 1980).

• Therefore, it was concluded that diffusion of responsibility
was a more appropriate account of social loafing than was
allocation of effort.
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The case of social loafing

• Note the course of events here. Successive experiments
pitted two possible outcomes against each other with the
hope that one possibility would be eliminated and one
supported by the outcome of the research.

• Of course, subsequent tests of the
diffusion-of-responsibility theory probably will contradict
it or add to it in some way.

• Thus, the theory might be revised or, with enough
contradictions, rejected for an alternative explanation,
itself supported by empirical observations.
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The case of social loafing

• In any event, where we stand now is that we have
constructed a reasonable view of what social loafing entails
and what seems to cause it.

• It is the mixture of hypotheses induced from data and
experimental tests deduced from theory that resulted in
the theory that diffusion of responsibility leads to social
loafing.
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From Theory to Hypothesis



Theories and scientific hypotheses

• Theories cannot be tested directly. There is no single
magical experiment that will prove a theory to be correct
or incorrect.

• Instead, scientists perform experiments to test hypotheses
that are derived from a theory.

• But exactly what are scientific hypotheses and where do
they come from?
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Theory, Generalizations, and Hypotheses

• It is important to distinguish between hypotheses and
generalizations (Kluger & Tikochinsky, 2001).

• A hypothesis (假设) is a very specific testable statement
that can be evaluated from observable data.

• A generalization (一般化) is a broader statement that
cannot be tested directly.

• However, it can be used to derive several testable
hypotheses.
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Where do hypotheses come from?

• Figure 2 illustrates this process.
• Each generalization can produce more than one

hypothesis. Only two are illustrated in the figure to keep it
simple, but a good generalization can produce a horde of
hypotheses.
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Theory, Generalizations, and Hypotheses

Figure 2: Gaggles of Generalizations Produce Hordes of Hypotheses.
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Where do generalizations come from?

• Figure 2 shows there are two sources for generalizations.
They can come from theory or from experience.

• Hypotheses derived from this inductive process are called
common-sense hypotheses.

• While testing commonsense hypotheses was once frowned
upon in experimental psychology as being inferior to
testing hypotheses derived from theory, there is currently a
new appreciation of the value of commonsense hypotheses
(Kluger & Tikochinsky, 2001).
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Where do generalizations come from?

• Nevertheless, most psychologists prefer testing hypotheses
based on theory. In this case, the generalization is formed
deductively (see Figure 2) from the theory.

• The advantage of a good theory is that it produces many
generalizations.

• However, commonsense generalizations are not productive
because, even if they are correct, they do not create new
generalizations.

• So theories are more efficient in advancing scientific
inquiry.
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Hypothesis testing and parameters estimation

• While hypothesis testing is the dominant methodology
used in experimental psychology, there are other points of
view. Most theories in psychology are verbal and
qualitative so that mathematical predictions are hard to
come by.

• However, if a formal model can be generated either
mathematically or by computer simulation, then it
becomes possible to estimate parameters of the model.

• Parameter estimation is superior to hypothesis testing and
curve fitting (Kantowitz & Fujita, 1990), and as
psychology evolves as a science, estimation will
supplement, and perhaps eventually replace, hypothesis
testing.
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Hypothesis testing and parameters estimation

• Indeed, there is a new movement in the philosophy of
science, called naturalism, that criticizes current
methodologies such as hypothesis testing, and its tentacles
have reached the shores of psychological science (Proctor
& Capaldi, 2001).

• Naturalism suggests that methodological criteria are not
fixed for eternity based on logical premises but can change
and evolve (just like theories) on pragmatic grounds.
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Evaluating Theories

• The sophisticated scientist does not try to determine if a
particular theory is true or false in an absolute sense. There
is no black-and-white approach to theory evaluation. A
theory may be known to be incorrect in some portion and
yet continue to be used.

• Instead of flatly stating that a theory is true, the scientist is
much more likely to state that it is supported substantially
by data, thereby leaving open the possibility that new data
may not support the theory.
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the scientist still needs to decide which theory is best for
now.
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(精确), testability (可验证), and ability to fit data (契合数
据).

57/79



Evaluating Theories

• Although scientists do not state that a theory is true, they
must often decide which of several theories is best.

• As noted earlier, explanations are tentative; nevertheless,
the scientist still needs to decide which theory is best for
now.

• To do so, explicit criteria are needed for evaluating a
theory. Four such criteria are parsimony (简洁), precision
(精确), testability (可验证), and ability to fit data (契合数
据).

57/79



Evaluating Theories

• Although scientists do not state that a theory is true, they
must often decide which of several theories is best.

• As noted earlier, explanations are tentative; nevertheless,
the scientist still needs to decide which theory is best for
now.

• To do so, explicit criteria are needed for evaluating a
theory. Four such criteria are parsimony (简洁), precision
(精确), testability (可验证), and ability to fit data (契合数
据).

57/79



Evaluating Theories

• Although scientists do not state that a theory is true, they
must often decide which of several theories is best.

• As noted earlier, explanations are tentative; nevertheless,
the scientist still needs to decide which theory is best for
now.

• To do so, explicit criteria are needed for evaluating a
theory. Four such criteria are parsimony (简洁), precision
(精确), testability (可验证), and ability to fit data (契合数
据).

57/79



Parsimony

• One important criterion was hinted at earlier when we
stated that the fewer the statements in a theory, the better
the theory. This criterion is called parsimony, or
sometimes Occam’s razor, after William of Occam.

• If a theory needs a separate statement for every result it
must explain, clearly no economy has been gained by the
theory. Theories gain power when they can explain many
results with few explanatory concepts.

• Thus, if two theories have the same number of concepts,
the one that can explain more results is a better theory. If
two theories can explain the same number of results, the
one with fewer explanatory concepts is preferred.

58/79



Parsimony

• One important criterion was hinted at earlier when we
stated that the fewer the statements in a theory, the better
the theory. This criterion is called parsimony, or
sometimes Occam’s razor, after William of Occam.

• If a theory needs a separate statement for every result it
must explain, clearly no economy has been gained by the
theory. Theories gain power when they can explain many
results with few explanatory concepts.

• Thus, if two theories have the same number of concepts,
the one that can explain more results is a better theory. If
two theories can explain the same number of results, the
one with fewer explanatory concepts is preferred.

58/79



Parsimony

• One important criterion was hinted at earlier when we
stated that the fewer the statements in a theory, the better
the theory. This criterion is called parsimony, or
sometimes Occam’s razor, after William of Occam.

• If a theory needs a separate statement for every result it
must explain, clearly no economy has been gained by the
theory. Theories gain power when they can explain many
results with few explanatory concepts.

• Thus, if two theories have the same number of concepts,
the one that can explain more results is a better theory. If
two theories can explain the same number of results, the
one with fewer explanatory concepts is preferred.

58/79



Parsimony

• One important criterion was hinted at earlier when we
stated that the fewer the statements in a theory, the better
the theory. This criterion is called parsimony, or
sometimes Occam’s razor, after William of Occam.

• If a theory needs a separate statement for every result it
must explain, clearly no economy has been gained by the
theory. Theories gain power when they can explain many
results with few explanatory concepts.

• Thus, if two theories have the same number of concepts,
the one that can explain more results is a better theory. If
two theories can explain the same number of results, the
one with fewer explanatory concepts is preferred.

58/79



Precision

• Precision is another important criterion, especially in
psychology (where it is often lacking).

• Theories that involve mathematical equations or computer
problems are generally more precise, and hence better,
than those that use loose verbal statements (all other
things being equal, of course).

• Unless a theory is so precise that different investigators can
agree about its predictions, it is for all intents and purposes
useless.
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Testability

• Testability goes beyond precision. A theory can be very
precise and yet not able to be tested.

• For example, when Einstein proposed the equivalence of
matter and energy (E = mc2), nuclear technology was not
able to test this relationship directly.

• The scientist places a very high value on the criterion of
testability, because a theory that cannot be tested can
never be disproved.

• At first you might think this would be a good quality since
it would be impossible to demonstrate that such a theory
was incorrect. The scientist takes the opposite view.
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Testability

• Belief in a theory increases as it survives tests that could
reject it.

• Since it is logically possible that some future test may find
a flaw, belief in a theory is never absolute.

• If it is not logically possible to test a theory, it cannot be
evaluated; hence, it is useless to the scientist.

• If it is logically possible but not yet technically feasible, as
was once the case with Einstein’s theory, then evaluation
of a theory is deferred.
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Ability to fit data

• Finally, a theory must fit the data it explains. While
goodness of fit is not a sufficient criterion for accepting a
theory (Roberts & Pashler, 2000), there is little point in
pursuing a theory that fails to fit the data (Rodgers &
Rowe, 2002).
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Intervening Variables



Variables

• Theories often use constructs that summarize the effects of
several variables. Variables are discussed at greater length
in Chapter 3.

• For now, we briefly describe two different kinds of
variables. Independent variables are those manipulated by
the experimenter.

• For example, not allowing rats to have any water for
several hours would create an independent variable called
hours of deprivation.

• Dependent variables are those observed by the
experimenter.

• For example, one could observe how much water a rat
drinks.
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Intervening variables

• Science tries to explain the world by relating independent
and dependent variables. Intervening variables (中介变
量) are abstract concepts that link independent variables to
dependent variables.

• Gravity is a familiar construct that accomplishes this goal.
• Science progresses when a single construct, such as gravity,

explains outcomes in many different environments.
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Intervening variables

Figure 3: One Set of Variables
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Intervening variables

Figure 4: Two Sets of Variables
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Intervening variables

Figure 5: Three Sets of Variables
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Intervening variables

• So as science tries to relate more independent and
dependent variables, intervening variables become more
efficient.

• There is yet another advantage of intervening variables.
Thirst, regardless of how it is produced, should have the
same effect on all dependent variables. This can be tested
in experiments. If it is not true, we can reject the idea of a
single intervening variable.
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Foxes and Hedgehogs Roaming through
Psychological Theory



Foxes and Hedgehogs

• Research in experimental psychology tends to be
organized by subfields; indeed, Part Two of this book
presents chapters for such subfields as perception, memory,
and social influence. This approach is the way of the fox
who knows many paths (Figure 6). Such was not always
the case in the history of psychology.

• There were psychologists (e.g., James, 1890) who tried for
a unified explanation of psychological phenomena. This is
the way of the hedgehog who knows one big thing (see
Figure 6).
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Segmented (Fox) and Unified (Hedgehog) Approaches

Figure 6: Segmented (Fox) and Unified (Hedgehog) Approaches to
Psychological Theory
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Segmented (Fox) and Unified (Hedgehog) Approaches

• Both approaches face significant challenges. The dominant
approach builds strong barriers between fields.

• Recently, sympathy has been growing for a more unified
(hedgehog) approach to psychology (Sternberg,
Grigorenko, & Kalmar, 2001). These theorists try to knit
competing theories together, stressing that the explanation
role of theory is more crucial than the predictive role.

• Theory knitting is a worthy goal if it can be accomplished.
However, the present divided system arose because earlier
integrated theories were unable to span all the subfields of
psychology.
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Are You a Fox or a Hedgehog?

• When you have a decision to make, do you think like a fox
or like a hedgehog? Table 7 will help you to understand
your own decision-making style.

• If you are multidisciplinary, adaptable, tolerant of
complexity, cautious, and empirical, you have the attitude
of a fox.

• If you are specialized, stalwart, order-seeking, confident,
and ideological, you think like a hedgehog.
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Segmented and Unified Approaches

Figure 7: Attitudes of Foxes and Hedgehogs
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Segmented and Unified Approaches

• You may wonder whether foxes or hedgehogs make better
decisions. One important set of decisions involves making
predictions and forecasts about the future. It is common to
collect the opinions of experts to make such predictions.

• Foxes were much better at generating accurate forecasts.
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Psychology and Science

• Some students find it difficult to think of psychology as a
science in the same sense that physics and chemistry are
sciences. They believe that there are aspects of human
experience, such as the arts, literature, and religion, that
defy scientific analysis.

• Some psychologists, known as humanists, would answer
these questions in the negative.

• However, most scientists would hold out the hope that
scientific analysis eventually might be usefully applied to
many such areas.
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Psychology and the Real World



Applied and Basic Research

• Scientific research is often divided into two categories:
basic and applied. Applied research (应用研究) aims at
solving a specific problem-such (基础研究) as how to cure
bed-wetting-whereas basic research has no immediate
practical goal.

• Basic research establishes a reservoir of data, theoretical
explanations, and concepts that can be tapped by the
applied researcher.

• Without this source, applied research would soon dry up
and sputter to a halt, unless applied researchers became of
necessity basic researchers.
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Applied and Basic Research

• It takes quite a while for a concept developed by basic
research to find some useful application in society.

• Adams (1972) traced five socially important products to
discover the impact, if any, of basic research. Although
basic research accounted for 70 percent of the significant
events, the research occurred twenty to thirty years before
the ultimate use of the product.

• It is quite difficult to tell what basic research being done
today will have an impact thirty years from now. But this
inability to predict hardly means that we should stop
doing basic research.
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the ultimate use of the product.
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Applied and Basic Research

• From a historical perspective (Bevan, 1980), these two
approaches to science can be traced to René Descartes and
Francis Bacon.

• In the Cartesian model, science is a basic good whose aim
is to understand nature. The Baconian model promotes
the goal of science as improving human welfare, which
places useful results ahead of increasing knowledge.

• However, a number of researchers argue that the basic/
applied research dichotomy either has been oversimplified
or represents a false distinction (Pedhazur & Pedhazur
Schmelkin, 1991).
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The End
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