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Observation is a passive science, experimentation an
active science.

Claude Bernard
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ToMeasure Pain

• A sweet-smelling odor could make pain more tolerable.
• A recent psychophysical study (Prescott & Wilkie, 2007)

showed that pain was studied using the infamous
cold-pressor test, which requires subjects to immerse their
dominant hand and forearm into cold water (5◦C) for up
to four minutes.

• Subjects were told to leave their hand in the water for as
long as they could tolerate the pain.

• Subjects who breathed a sweet-smelling odor kept their
hand in the cold water almost three times as long as
subjects in a control condition where no odor was present.
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Psychophysics

• Psychophysics (心理物理学) involves the determination
of the psychological reaction to events that lie along a
physical dimension.

• Edwin G. Boring (1950), the eminent historian of
experimental psychology, claims that

• The introduction of techniques to measure the relation
between internal impressions (the psycho of psychophysics)
and the external world (the physics) marked the onset of
scientific psychology.
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Psychophysics

• Boring marked psychophysics as the beginning of
scientific psychology primarily because the scientists using
psychophysical techniques were able to formulate the first
mathematical laws of psychological phenomena.

• Although the characteristics of these laws are of interest in
and of themselves, their development has other important
implications.
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Psychophysics

• First, measuring sensations is very difficult, because they
are not open to public measurement as is light intensity or
the weight of a stone.

• Second, the internal judgments are not identical to the
amount of physical energy influencing the sensory
apparatus.
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Psychophysics

• Gustav Fechner (费希纳) formalized the psychophysical
methods, which measure attributes of the world in terms
of their psychological values.

• His methods showed that psychological judgments varied
in particular ways according to the intensity of the
stimulus and the particular sensory modality of the
stimulus.

• i.e., judgments of visual stimuli differed from judgments of
auditory stimuli, which differed from judgments of taste
stimuli, and so on.
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Psychophysics

• Since these relations held, at least approximately, for many
different people, Fechner and other researchers concluded
that private, internal judgments had been measured
accurately.

• Psychophysicists could measure the psychological
attributes of brightness, loudness, heaviness, and pain just
as physicists measured the corresponding physical
attributes of light intensity, auditory intensity, and so on.
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Physical Stimuli and Psychological Judgments

(Kantowitz, Roediger, & Elmes, 2015, p. 169)
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Loudness and Auditory Intensity

• If a rock band turned up its amplifiers to produce twice as
much energy as it had produced before (a doubling of the
physical units), this twofold increase of energy would not
result in listeners experiencing a sound twice as loud as
before.

• For a listener to judge the sound to be twice as loud, the
energy level would have to be increased roughly 10 times.

• Such discoveries derived from the psychophysical methods
have important practical applications.
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Loudness and Auditory Intensity

• For example, the amplifier or dial that you turn to increase
volume (i.e., the perceived loudness) cannot bear a
one-to-one relation between movements of the dial and
increases in energy.

• Rather, the dial has to be calibrated so that its movements
increase intensity proportional to increments in loudness.

• Thus, doubling the volume level on the dial has to increase
physical energy about ten times to produce a twofold
increase in loudness.
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Loudness and Auditory Intensity

• Telephones and cell phones are also designed so that their
microphones and amplifiers work in accord with this
psychophysical relation between auditory intensity and
perceived loudness.
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Electrical Intensity and Pain

• The psychophysical relation between stimulus and
judgment depends on the particular sensory modality that
is stimulated.

• Pain judgments in response to increases in electrical
intensity of shocks applied to the skin grow much more
rapidly than do loudness judgments in response to
increases in sound energy.

• For one shock to be judged twice as painful as another, the
intensity of the shock needs to have been increased about
one-third.
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Scientific Topics to be Illustrated

• Operational definitions (操作定义) describe the
procedures used to produce a concept and allow us to
communicate successfully the concepts we are studying.

• What does it mean when a subject reports that he or she
detects a painful stimulus?

• An operational definition of detection and one of pain will
help to ensure that scientists use technical terms in similar
ways.
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Scientific Topics to be Illustrated

• A related issue has to do with measurement scales (测量
水平), the assignment of numbers or names to objects and
their attributes.

• How do we determine whether one light intensity appears
twice as bright as another?

• Not all psychophysical techniques permit accurate
statements about the ratio of one sensation to another.
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Scientific Topics to be Illustrated

• Finally, we shall discuss small-n designs (小样本设计), or
those based on small numbers of subjects.

• In this context, we explain why it is often appropriate to
formulate psychophysical laws that are based on large
numbers of observations but that are taken from a small
number of observers (the small n).

• This technique differs from that often used in psychology
experiments in which large numbers of subjects are used,
but few observations are taken on each person.
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Operational Definition: Thresholds



Operational Definitions

• No serious discussion, scientific or otherwise, can progress
very far unless the participants agree to define the terms
they are using.

• Imagine that you and your date are having a friendly
argument about who is the best athlete of the year. How
do you define athlete?
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Operational Definitions

• You both might agree about such common sports as
tennis, swimming, and gymnastics,

• but what about more esoteric sports, such as Frisbee
throwing (掷飞盘), hang gliding (悬挂式滑翔), and
hopping cross-country on a pogo stick (弹簧单高跷)?

• Should practitioners of these activities be considered for
your athlete-of-the-year award?

• Until this question of definition is answered, your
discussion may just go around in circles.
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Operational Definitions

• Similar problems can arise in scientific discussions.
• One way to describe the unusual analgesia results reported

by Prescott and Wilkie (2007) is that untrained observers
become less sensitive to pain after inhaling a
sweet-smelling odor.

• For ordinary conversation, this might be a perfectly
adequate way to make sense of the situation.
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Operational Definitions

• However, common usage and technical usage have different
requirements:

• In technical discourse, precision is necessary, so that
needless arguments over the meaning of scientific results
do not occur.

• Technically, a decrease in sensitivity would imply that the
body’s pain receptors became less acute after smelling
sweet odors.

• This unlikely possibility would have important
implications for drug companies, doctors, and headache
sufferers.
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Operational Definitions

• What the scientist needs to know are the operations used
to produce the outcome.

• The scientist then can decide whether the concept so
defined is a sensible way to think about the outcome.

• In this instance, the procedure used by Hardy (described
in detail in the next section) was supposed to measure the
effects of aspirin on sensitivity;

• however, his technique did not permit the assessment of
an alternative interpretation—namely, that aspirin altered
the willingness of the observers to say that a stimulus was
painful.
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Operational Definitions

• We can see that it is crucial to know the procedures and
operations scientists use to study the processes they say
they are studying.

• Words and phrases such as pain, sensitivity, and willingness
to respond have broad, everyday meanings that must be
precisely limited when they are used in a technical,
scientific context.
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Operational Definitions

• Take the eye of a newt, the leg of a frog, three oyster shells and
shake twice is an operational definition, although it is not
entirely clear what is being defined.

• However, this recipe can be duplicated, so it meets the
major criterion for an operational definition.

26/138



Operational Definitions

• Take the eye of a newt, the leg of a frog, three oyster shells and
shake twice is an operational definition, although it is not
entirely clear what is being defined.

• However, this recipe can be duplicated, so it meets the
major criterion for an operational definition.

26/138



Operational Definitions

• Take the eye of a newt, the leg of a frog, three oyster shells and
shake twice is an operational definition, although it is not
entirely clear what is being defined.

• However, this recipe can be duplicated, so it meets the
major criterion for an operational definition.

26/138



Operational Definitions

• You can tell from this example that an operational
definition does not have to be entirely sensible, as long as
it is clear and can be copied.

• For instance, we might operationally define a construct
called centigrams as the product of your height in
centimeters and your weight in grams.

• Since any scientist can easily determine the centigram
score, this is a valid operational definition.
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Operational Definitions

• Of course, it probably could not be used for any important
scientific purpose, but the potential utility of an
operational definition is an issue separate from its validity.

• Typically, however, operationally defined constructs are
tied to a theory or body of research literature, so they do
make sense and do have some validity.
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Operational Definitions

• In the following sections, we discuss the operational
definition of a theoretical construct called a threshold.

• First, we give the common-language meaning of this term;
• we see then how attempts at increasing the precision of

definition have led to rather sophisticated methodological
techniques to improve the operational definitions of a
threshold.
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Thresholds: Classical Psychophysics

• In common language, a threshold is the part of a doorway
you step through or over to enter a room.

• Classical psychophysicists believed that stimuli had to
cross such a (hypothetical) barrier to enter the brain or the
mind.

• If a stimulus were strong, it could easily jump over the
threshold.
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Thresholds: Classical Psychophysics

• A crude analogy that may be helpful is to think of the
stimulus as a pole-vaulter. The bar corresponds to the
threshold.

• A good jump will put you over the bar (across the
threshold), whereas a feeble jump will not. The question,
then, is one of how strong a stimulus must be if a signal is
to cross the threshold.

• Answering this question was of major concern to classical
psychophysicists.
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Thresholds: Classical Psychophysics

• At first, the answer may seem obvious.
• All we have to do is slowly increase the intensity of a

stimulus, such as a tone or a dim light, until the observer
responds, “Yes, there it is.”

• Unfortunately, when we try to repeat this process, the
point at which an observer suddenly detects the stimulus
changes from trial to trial.
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Thresholds: Classical Psychophysics

• To deal with this variability, classical psychophysicists
developed statistical methods to estimate the best value for
the threshold.

• We discuss only one of the methods, developed by
Fechner and known as the method of limits (极限法).
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Method of Limits and AbsoluteThreshold

(Kantowitz et al., 2015, p. 173)
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Operational Definitions and AbsoluteThreshold

• The threshold is operationally defined as the mean
(average) of the points in each trial block at which the
observer switches from “yes” to “no” (or “no” to “yes”).

• This operational definition is a statistical one.
• A threshold defined this way, based on an observer’s ability

to detect a signal, is called an absolute threshold (绝对阈
限), since the yes-no judgments are not based on a
comparison of two stimuli but are absolute judgments
about a single stimulus.
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Physical Stimulus and Range of Mental Values

(Kantowitz et al., 2015, p. 174)
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Method of Limits and DifferenceThreshold

(Kantowitz et al., 2015, p. 175)
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Operational Definitions and DifferenceThreshold

• Because the absolute threshold is a statistical concept,
much like the “average taxpayer,” it has other statistical
properties in addition to the mean.

• These are now illustrated by computing a difference
threshold (差别阈限).

• Difference thresholds are based on relative judgments, in
which a constant unchanging comparison stimulus is
judged relative to a series of changing stimuli.

• The question being asked by the experimenter is this:

How different must two stimuli be before they can
reliably be distinguished?
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Method of Limits and DifferenceThreshold

(Kantowitz et al., 2015, p. 175)
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Method of Limits and DifferenceThreshold

• The traditional example of a difference threshold requires
the observer to lift pairs of weights—one weight always
remaining the same-and to judge if the new weight is
heavier, lighter, or equal to the standard weight.

• Several series of ascending and descending trials are given.
• The upper threshold is the average point at which the

observer changes from “heavier” responses to “equal”
responses.

• The lower threshold is the point at which “equal”
responses give way to “lighter” responses.
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Method of Limits and DifferenceThreshold

• The difference between these two values is called the
interval of uncertainty (不确定区间).

• The difference threshold is operationally defined as half the
interval of uncertainty. In Table 6.2, this equals 10 grams.

• The mean of the upper and lower thresholds is called the
point of subjective equality (主观相等点) (300 grams in
Table 6.2).
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DifferenceThreshold andWeber’s Law

• Ernst Heinrich Weber, whose pioneering work in
psychophysics preceded Fechner’s by about twenty years,
discovered some important properties of the difference
threshold.

• One property that Weber determined was that the
magnitude of the difference threshold increases with
increases in the magnitude of the standard stimulus.

• He found that 10 grams is the difference threshold when
300 grams is the standard, and the corresponding value for
a 600-gram standard stimulus is a difference threshold of
20 grams.
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DifferenceThreshold andWeber’s Law

• A familiar example will illustrate this psychophysical
finding.

• In a room lit by a single candle, the addition of another lit
candle will make the room noticeably brighter.

• However, in a room illuminated by several intense lamps,
adding a single lit candle will not noticeably increase the
brightness of the room.
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DifferenceThreshold andWeber’s Law

• Weber is famous for determining a second property of the
difference threshold:

For a particular sensory modality, the size of the dif-
ference threshold relative to the standard stimulus is con-
stant.
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DifferenceThreshold andWeber’s Law

• To return to our earlier example, the ratio of 10 grams to
300 grams is the same as the ratio of 20 grams to 600
grams, 1/30 in this case.

• According to Weber’s discovery, this means that the
difference threshold for a 900-gram standard stimulus
should be 30 grams, and it should be 40 grams for a
1,200-gram standard.

• What should the difference threshold be for a standard
stimulus of 50 grams?
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DifferenceThreshold andWeber’s Law

• Fechner called relative constancy of the difference
threshold Weber’s law (韦伯定律).

• This law is usually written as ∆I/I = K, where
• I refers to the magnitude of the standard stimulus,
• ∆I is the difference threshold, and
• K is the symbol for constancy.
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DifferenceThreshold andWeber’s Law

• Weber’s law, or the Weber fraction, as it is sometimes
called, varies in size for different senses.

• For example, it is somewhat larger for brightness than it is
for heaviness.

• A substantial amount of research has shown that Weber’s
law holds true for greater than 90 percent of the range of
standard stimuli tested in a particular sensory modality.

• It fails to hold for very weak stimuli, such that the Weber
fraction for very light standard stimuli is much larger than
1/30, which is what is found in the middle range.
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StaircaseMethod and AbsoluteThreshold

(Kantowitz et al., 2015, p. 176)
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StaircaseMethod and AbsoluteThreshold

• The staircase version of the method of limits was used to
determine whether wine experts have more acute
sensitivity to odors than do wine novices.

• Novices and experts had to differentiate the smell of
various concentrations of butanol, which has a fruity
smell, from distilled water.

• Parr and associates (Parr, Heatherbell, & White, 2002)
found that wine experts and wine novices had nearly
identical difference thresholds.

• Using other procedures, on the other hand, the researchers
found that experts could recognize wine-related odors
better than novices.
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No Thresholds: The Theory of Signal Detection
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TheTheory of Signal Detection

• According to the theory of signal detection (信号检测轮),
our perception in general is controlled by evidence and
decision processes.

• A signal or stimulus creates (hypothetical) evidence that
depends on the intensity of the signal and the acuity of the
observer, which partly determine a “yes” response.

• There are other determiners of a decision to say “yes, there
is a stimulus present,” including factors that influence the
willingness of the observer to say a signal is present.

• These response-bias influences include the payoff for being
accurate, the frequency of the signal, and so on.
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ATheoretical Look of Signal Detection

(Kantowitz et al., 2015, p. 177)

53/138



TheTheory of Signal Detection

• What determines the value sent by the sensory process?
• Signal-detection theory assumes that noise (噪音), a

disturbance that can be confused with signals, is always
present when a human attempts to detect signals.

• This background disturbance is owing to such things as
environmental changes, equipment changes, spontaneous
neural activity, and direct experimental manipulations.
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TheTheory of Signal Detection

• Just to make sure that the assumption that noise is present
during attempts at detection, a typical signal - detection
experiment will present white noise - a hissing sound such
as that heard when you tune your television to an
unoccupied channel - along with the signal.

• Noise can be auditory or visual or can occur in any
modality.

• we consider only the auditory system for now.
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TheTheory of Signal Detection

• To illustrate the detection of signals sent by the sensory
process, we will examine a typical experiment on signal
detection.

• Imagine you are sitting in a soundproof booth, wearing
headphones.

• On each of several hundred trials, you must decide
whether you hear a faint tone combined with the white
noise or only the white noise by itself.

• A trial might begin by the presentation of a flashing light,
which tells you to get ready for the test stimulus.

• Then you will hear a burst of white noise, which may or
may not contain the faint tone signal.
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TheTheory of Signal Detection

• You say “yes” if you think a tone signal was present and
“no” if you think just noise was present.

• Signal-detection theory assumes that any stimulus, even
noise, produces distribution of evidence.

• The evidence on each trial is only one point, and the
distributions are built up from many trials, each occurring
at a different point in time.

• Since evidence cannot be directly observed, the
distributions for stimulus trials and for noise trials are
hypothetical.
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TheTheory of Signal Detection

• The evidence arising from a trial for which only noise
occurred will tend to be small, so that over many trials, a
(hypothetical) distribution with a small mean will be
established.

• When a signal plus noise is presented, the evidence will be
larger, so that a distribution with a greater mean will be
formed over many trials.
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TheTheory of Signal Detection

• Repeated trials generate two distributions-one for noise
only and one for the signal plus noise.

• Since the two distributions overlap in the middle, some
values of evidence are ambiguous, because they could have
occurred as a result of either noise or the signal.

• Of course, if the two distributions were far enough apart,
this problem would be minimized - but even in the
laboratory, life is usually not that simple.
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Hypothetical Distributions of the Evidence

(Kantowitz et al., 2015, p. 179)
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TheTheory of Signal Detection

• A criterion, shown as a vertical line, must be set to
determine whether a response will be “yes” or “no.”

• The decision process sets the position of this criterion.
• If costs and benefits favor a liberal decision policy, the

criterion will be set far to the left, so that most responses
will be “yes.”

• If a conservative policy is used, the criterion moves to the
right, so that most responses will be “no.”

61/138



TheTheory of Signal Detection

• A criterion, shown as a vertical line, must be set to
determine whether a response will be “yes” or “no.”

• The decision process sets the position of this criterion.
• If costs and benefits favor a liberal decision policy, the

criterion will be set far to the left, so that most responses
will be “yes.”

• If a conservative policy is used, the criterion moves to the
right, so that most responses will be “no.”

61/138



TheTheory of Signal Detection

• A criterion, shown as a vertical line, must be set to
determine whether a response will be “yes” or “no.”

• The decision process sets the position of this criterion.

• If costs and benefits favor a liberal decision policy, the
criterion will be set far to the left, so that most responses
will be “yes.”

• If a conservative policy is used, the criterion moves to the
right, so that most responses will be “no.”

61/138



TheTheory of Signal Detection

• A criterion, shown as a vertical line, must be set to
determine whether a response will be “yes” or “no.”

• The decision process sets the position of this criterion.
• If costs and benefits favor a liberal decision policy, the

criterion will be set far to the left, so that most responses
will be “yes.”

• If a conservative policy is used, the criterion moves to the
right, so that most responses will be “no.”

61/138



TheTheory of Signal Detection

• A criterion, shown as a vertical line, must be set to
determine whether a response will be “yes” or “no.”

• The decision process sets the position of this criterion.
• If costs and benefits favor a liberal decision policy, the

criterion will be set far to the left, so that most responses
will be “yes.”

• If a conservative policy is used, the criterion moves to the
right, so that most responses will be “no.”

61/138



TheTheory of Signal Detection

• In either case, some errors will be made.
• Correctly detecting a signal when it is presented is called a
hit (击中).

• Incorrectly responding “yes” when only noise is presented
is called a false alarm (虚报).

• With a liberal decision strategy-criterion set to the left—
the number of hits will be high; but since there are
numerous “yes” responses, the number of false alarms will
also be high.

• With a conservative decision strategy, false alarms will be
low-but so will hits.
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Hypothetical Distributions of the Evidence

(Kantowitz et al., 2015, p. 180)
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Receiver-Operating Characteristic Function

• If we plot hits as a function of false alarms, as the criterion
moves from conservative to liberal, we get the
representation called a receiver-operating characteristic
(ROC) function (接收者操作特征函数).
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Receiver-Operating Characteristic Function

• Both hits and false alarms are infrequent (conservative
criterion) at the lower left of the curve. As the criterion
becomes more liberal, both hits and false alarms become
more likely, and the ROC curve moves upward to the
right.

• The slope of the ROC function tells us the criterion. Flat
slopes reveal a liberal decision criterion (generally, the
upper right of the curve) and steep slopes a conservative
criterion (usually, the lower left of the curve).

• The slope of curves such as the ROC function is
determined by the slope of a line that is drawn tangent to
a particular point on the function and intersects one of the
axes of the graph.
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Receiver-Operating Characteristic Function

• The distance from the diagonal to the ROC curve tells us
how far apart the noise and signal-plus-noise distributions
lie.

• When the two distributions are far apart, indicating either
a more discernible signal or a more acute observer, the
ROC curve moves upward to the left, away from the
diagonal.

• When the signal is less detectable or when the observer is
less acute and the two distributions are close together, the
ROC curve moves closer to the diagonal.
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Receiver-Operating Characteristic Function

• Thus, the ROC function tells us about both the sensory
process (d′, distance between signal-plus-noise and
noise-only distributions) and the decision process (β, the
slope).

• Since a single experimental condition generates only a
single point on the ROC curve, many conditions are
needed to alter the hit and false-alarm rates.

• Usually, hit and false-alarm rates are manipulated by
altering the payoff associated with them.
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Receiver-Operating Characteristic Function

(Kantowitz et al., 2015, p. 181)
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Receiver-Operating Characteristic Function

• Another way to manipulate the rate of hits and false
alarms is to vary how often the signal occurs.

• If, over a series of trials, a signal had occurred 90 percent
of the time, you would be more likely to say “yes” on any
trial than when the signal had occurred very infrequently
on the previous trials.
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TheTheory of Signal Detection: NoThresholds

• By now, you may be wondering what all this has to do
with thresholds. Nowhere does the ROC curve have a
label that reads “threshold.”

• Whether an observer will respond “yes” or “no” depends
on the evidence and the decision criterion.

• Signal intensity may be held constant, but since there are
varying payoffs for hits and false alarms, you can generate
an ROC curve showing d′ (sensitivity) and the slope of the
curve at various points.
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TheTheory of Signal Detection: NoThresholds

• There is no operational definition of a threshold.
• Instead, two quantities are operationally defined. The

sensitivity of the observer is called d’ and is defined as the
distance between signal and noise distributions or as the
maximum distance between the ROC curve and the
diagonal.

• The criterion of the decision processes is called beta (β)
and is the slope of the ROC function at the point of
interest—for example, a hit rate of 55 percent.
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TheTheory of Signal Detection: NoThresholds

• Signal-detection theory supposes that the evidence of a
stimulus is a continuous distribution that takes on a zero
value only when the stimulus intensity itself is zero.

• We do not have a threshold that splits the stimulus
dimension into detectable and undetectable components,
as classical psychophysics would lead us to believe.

• Rather, a stimulus must yield a sensation that exceeds the
decision criterion (β) in for a person to report having
detected a weak stimulus.

• In a sense, then, the notion of an absolute threshold as
determined by a stimulus of a particular intensity has been
denied by signal-detection theory.
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TheTheory of Signal Detection: NoThresholds

• What we have left is a response or decision threshold.
• Only when a stimulus yields evidence that exceeds the

decision threshold, what we have been calling β or the
criterion, do we have correct detection of the signal.

• Of course, d′ determines the detectability of the signal but
not necessarily what the subject reports.

• This means that detecting and reporting the presence of a
signal are determined by d′ and β; together,

• these two quantities determine what a classical
psychophysicist would call a threshold.
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Calculating d’

(Kantowitz et al., 2015, p. 183)
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Receiver-Operating Characteristic Function

(Kantowitz et al., 2015, p. 183)

75/138



Advantage of Signal-DetectionMethods

• A major advantage of signal-detection methods over a
classical psychophysical procedure, such as the method of
limits, is the ability to measure both sensitivity and
response bias.

• In many areas of applied psychology, the ability to
distinguish between these two processes is very important.

• Let us return to the problem of measuring the
effectiveness of analgesics.
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Advantage of Signal-DetectionMethods

• In a large number of experiments, Hardy, Wolff, and
Goodell (1952) examined people’s reactions to radiant
heat presented to their forearms by a piece of equipment
similar to a hair dryer, called a dolorimeter.

• A small spot of stimulation was presented at various
intensities (usually defined in terms of calories per unit
area stimulated, rather than in terms of a temperature
scale).

• The researchers’ approach was to determine the intensity
of heat necessary for a person to report pain-first without
an analgesic such as aspirin and then when aspirin had
been taken prior to the presentation of heat.
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Advantage of Signal-DetectionMethods

• An increase in the intensity needed to elicit pain after the
subjects had taken aspirin would indicate that aspirin had
analgesic properties. Indeed, this is what Hardy and
associates found.

• Or, at least, that is what they observed when they used
highly experienced subjects (themselves) in the
experiment.

• Much to their surprise, when they tested naïve subjects
(eighty military recruits, in this case), they found that for
more than half of their subjects, the heat intensity required
to evoke pain actually went down following the ingestion
of aspirin.
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Advantage of Signal-DetectionMethods

• In both experiments, d′ was unaffected by the
manipulation.

• What happened was that acupuncture and placebos
elevated the subjects’ decision criterion, so that stronger
stimuli than before were required to elicit a detection
response.
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Measurement Scales: Fechner’s Law and Stevens’
Law



Measurement Scales

• Anything that exists in some amount can be measured.
• Measurement (测量) is a systematic way of assigning

numbers or names to objects and their attributes.
• When we assign names or numbers to objects and their

attributes, we need a measurement scale, which results
from different measurement operations.

• As we will see, the different measurement operations yield
scales that differ in the information that they provide.
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Properties of Measurement Scales

• Measurement scales can have four properties, and the
combination of these properties determines what is
measured.

• All measurement scales have instances that are different
from each other.

• This fundamental property, difference (区别), means that
some temperatures are colder (or warmer) than others,
some people are male and some female, and so on.

81/138



Properties of Measurement Scales

• Measurement scales can have four properties, and the
combination of these properties determines what is
measured.

• All measurement scales have instances that are different
from each other.

• This fundamental property, difference (区别), means that
some temperatures are colder (or warmer) than others,
some people are male and some female, and so on.

81/138



Properties of Measurement Scales

• Measurement scales can have four properties, and the
combination of these properties determines what is
measured.

• All measurement scales have instances that are different
from each other.

• This fundamental property, difference (区别), means that
some temperatures are colder (or warmer) than others,
some people are male and some female, and so on.

81/138



Properties of Measurement Scales

• Measurement scales can have four properties, and the
combination of these properties determines what is
measured.

• All measurement scales have instances that are different
from each other.

• This fundamental property, difference (区别), means that
some temperatures are colder (or warmer) than others,
some people are male and some female, and so on.

81/138



Properties of Measurement Scales

• The other scale properties are not universal.
• Some scales can determine the magnitude (数量) of

attributes, which means that the scale can show that one
attribute is greater than, less than, or equal to another
instance of that attribute.

• Another property of attributes that some scales can
determine is whether there are equal intervals (等距离)
between magnitudes.

• A 1-pound difference between two weights is the same
when considering both 1 versus 2 pounds and 70 versus 71
pounds.
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Properties of Measurement Scales

• A final property of some measurement scales is a true zero
point (绝对零点) on the scale, meaning that zero on the
scale indicates that nothing of the attribute being
measured exists.

• You cannot have less than zero weight—it has a true zero
point of no weight—but you can have less than zero
degrees centigrade.
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Types of Measurement Scales

• Psychologists use four measurement scales: nominal,
ordinal, interval, and ratio. These scales are defined by
which of the four properties of measurement scales they
possess.

• Nominal scales measure just the property of difference and
nothing else.

• Ordinal scales measure differences and magnitudes.
• Interval scales possess the properties of difference,

magnitude, and equal intervals.
• Ratio scales have all four properties of measurement scales

(difference, magnitude, equal interval, and a meaningful
zero).
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Measurement Scales withTheir Properties

(Kantowitz et al., 2015, p. 187)
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Types of Measurement Scales

• You should note that the measurement scale derives from
the measuring procedure, not necessarily from the nature
of the attributes being measured.

• Temperature measured by the Kelvin scale has a true zero
and is a ratio measure.

• The Fahrenheit and centigrade scales, however, do not
have a true zero (these scales have no point for the absence
of temperature), so they are interval scales.

• If we simply say that one thing is hotter than another, we
are measuring at the ordinal level.

• Finally, calling one thing “hot” and another “cold” is
measuring temperature at the nominal level.
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Importance of Measurement Scales

• Behavioral data derived from different scales tell us
different things, and the kinds of conclusions we can draw
depend, in part, on the scale that we use.

• Because a ratio scale has four measurement properties and
nominal scales only one, we have more information about
something, say depression, if it is measured at the ratio
level than if it is measured at the nominal level.

• The information provided by the scale permits certain
kinds of conclusions.
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Importance of Measurement Scales

• If pain were assessed on an ordinal scale, it would be
improper to say that a person with a pain score of 8 on the
scale perceives twice as much pain as someone with a pain
score of 4.

• To make such a statement, we would have to measure pain
on a scale that has a meaningful zero point and equal
intervals between adjacent score values (a ratio scale).

• The type of measurement scale can determine the amount
of information you have about an attribute, and the type of
scale determines, in part, the conclusions that we can
draw.
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Two ApproachesMeasuring Sensation

• We now examine two approaches toward the measurement
of sensation.

• Both approaches have the goal of devising a ratio scale of
an internal psychological dimension.

• The first approach is Fechner’s, and it involved a reliance
on the results of classical psychophysical methods to
provide the data for the psychophysical scale.

• The second approach is a more modern one that was
developed by S. S. Stevens.
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Fechner’s Law

(Kantowitz et al., 2015, p. 188)
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Fechner’s Law

• Fechner relied on the psychophysical research done by
Weber to try to develop a measurement scale for
sensations.

• According to Weber’s law, the difference threshold bears a
constant relation to the standard stimulus: ∆I/I = K.

• Fechner assumed that Weber’s law was correct and, with
two additional assumptions, developed his own law of
sensation measurement.
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Fechner’s Law

• Fechner first assumed that the absolute threshold indicates
the point of zero sensation.

• He then assumed that the just-noticeable difference
( JND) (最小可觉差), which is the internal sensation
evoked by two stimuli that differ by one difference
threshold, is the unit defining the intervals of an internal
psychological scale.
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Fechner’s Law

• Because Weber’s law was assumed to be accurate, Fechner
believed that all JNDs produce equal increments in
sensation.

• Each JND step on the psychological scale corresponds to
the physical stimulus that is one difference threshold
greater than the preceding stimulus.

• The first unit beyond the zero point corresponds to the
physical stimulus that is one JND above the absolute
threshold.

• The next point will be one JND above that, or two JNDs
above the absolute threshold.
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Fechner’s Law

• This process can be continued to build a psychological
scale.

• Once this is done, there is a fixed mathematical
relationship between the value of the physical scale
corresponding to some point on the psychological scale
and the physical value corresponding to the preceding
point on the internal psychological scale.
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Fechner’s Law

• To find the physical scale value that corresponds to a
particular psychological value, we first take the physical
value of the previous step on the external scale (e.g., X in
Figure 6.10) and multiply it by the Weber fraction.

• We then add this product to our original value, so that Y =
X + the product of X times the Weber fraction in Figure
6.10 (likewise, Z = Y + the product of Y times the Weber
fraction).

• Summing in this fashion yields successive physical values
that correspond to successive JNDs on the internal
psychological scale.
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Fechner’s Law

• When this relationship is expanded and solved
mathematically, we find that the psychological scale value
(Ψ) is proportional to the logarithm of the
physical-stimulus value.

• This equation is called Fechner’s law (费希纳定律)：

Ψ = K log Stimulus
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Fechner’s law

• According to Fechner’s law, all JNDs produce equivalent
increments in sensation; therefore, it appears that we have
a ratio scale.

• The sensation corresponding to six JNDs should be twice
the sensation of three JNDs.

• Two factors we have already discussed should lead you to
question whether Fechner has actually devised a ratio scale
of sensation.
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Fechner’s law

• First, Fechner’s zero point is arbitrary rather than absolute
• Second, we know that Weber’s law is only approximately

true; this could result in psychological and physical units
of varying sizes.

• Fechner assumed that each JND was psychologically
equal, but if you ask people about the magnitude of the
sensory effects produced by stimuli of varying JNDs above
threshold, there is poor correspondence between the two.
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Fechner’s law

• Thus, Fechner’s work is neither a ratio scale nor an interval
scale.

• At best, it is an ordinal scale indicating that sensations are
ordered in a particular way with regard to the physical
stimuli that produce them.
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Stevens’ Power Law
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Indirect versus Direct Scaling Technique

• S. S. Stevens (1961) attempted to develop an internal scale
of sensation more directly than did Fechner.

• Fechner used an indirect scaling (间接测量) method, in
which the psychological scale was built up by putting
successive JNDs in a row.

• The observers did not judge the magnitudes of the JNDs
directly, so the psychological scale values are derived from
measures of discrimination; therefore, they are indirect.

• Stevens used several direct scaling (直接测量) techniques,
in which the observer responded in psychological scale
units in the first place.
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Stevens’ Power Law

• The primary direct scaling procedure used by Stevens was
the method of magnitude estimation (数量估计), which
requires the observer to state a number that represents his
or her sensation of the stimulus intensity.

• The first stimulus that the experimenter presents is
arbitrarily assigned some convenient number, say, 100.

• Then other stimuli are assigned numbers, depending on
how close the perceived intensity is to the first stimulus.

• For example, the experimenter could present a tone of
moderate intensity and tell you it has a value of 100. Then
a weaker tone might be presented, so you would give it a
lower number, say, 87.
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Stevens’ Power Law

• These numbers reported by the observer represent
perceived psychological values directly.

• When data are gathered in this way, the equation relating
psychological value to physical value differs from the
logarithmic relationship of Fechner’s law.

• Instead, the equation obtained by Stevens (1961) is

Ψ = K(Stimulus)n

where n is an exponent.
• This equation is called Stevens’ law (斯蒂文斯定律).
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Stevens’ Power Law

• The method of magnitude estimation is not limited to
psychological scales that have a physical correlate. Essay
exams are often graded by this method.

• Similarly, legal penalties, severity of crimes, works of art,
and so forth can be scaled by magnitude estimation.
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Stevens’ Power Law

• If we assume that a stimulus of zero intensity always
produces zero sensation (i.e., there are no false alarms),
then we can accept Stevens’ law as a ratio psychological
scale.

• With a true zero, and with equal stimulus ratios producing
equal sensation ratios (a power relation), we have satisfied
the criteria for a ratio scale.

• If this is the case, then it seems reasonable to accept
Ψ = KSn as the way in which our internal sensations are
related to the external world.
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Stevens’ Power Law

• Stevens’ law has not escaped criticism. Is the law about
sensations or about numbers? Different people use
numbers differently.

• Some observers always produce very large exponents for
Stevens’ law, and Marks (1974) found that the law varies
with the range of numbers used by observers.

• Bartoshuk (2000) showed that using a small range of
numbers constricts a psychophysical scale.

• This constriction masks differences in judgments especially
at very high stimulus values.
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Stevens’ Power Law

• To minimize idiosyncratic differences in the range of
numbers used in psychophysical tasks and also prevent
constriction, Bartoshuk and other sensory psychologists
use a 100-point ratio scale procedure.

• Green, Shaffer, and Gilmore (1993) devised the labeled
magnitude scale (有标记的数字量表), which pairs
numbers bounded by 0 and 100 with verbal labels. It starts
at a zero value, which is labeled as nothing, and progresses
through numbered labels of moderate, strong, very strong,
and at the top of the scale (100 units) is the label strongest
imaginable sensation. Thus, all observers have the same
vocabulary and the same range of units to describe their
sensations.
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Stevens’ Power Law

• Using this scale, Bartoshuk (2000) was able to identify
supertasters (超级品尝者), whose taste anatomy leads
them to have extremely intense taste sensations.

• For example, supertasters feel much more heat from hot
peppers and also react more to the creaminess of foods
than do ordinary tasters.
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Stevens’ Power Law

• Another concern with magnitude estimation relates to
operational definitions.

• Many studies reveal that a particular sensory scale, such as
brightness, has more than one scale that characterizes it.

• Marks (1974) notes that you can accurately describe a
power function for brightness only if you specify all the
variables relevant to the perception of brightness - the
color and duration of the light, the sensory adaptation of
the observer, and so on.
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Stevens’ Power Law

• Varying the latter factors changes the value of the
exponent in Stevens’ law.

• Thus, we must operationally define the psychophysical
function or risk misrepresenting the relation between
sensation and stimulus.
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Small-NDesign: Psychophysical Methods



Large-NDesign

• The typical experiment in psychology measures the
behavior of a large number of participants.

• One reason for this setup is that research participants
differ substantially from one another in various complex
psychological characteristics, such as personality and IQ.

• Furthermore, the setting in which these complex behaviors
are measured may be poorly controlled.
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Large-NDesign

• Both these problems can be handled by random
assignment of large numbers of participants to the
conditions.

• This may reduce the possibility that uncontrolled variation
in people and setting will be associated with a particular
treatment, which would then allow the effects of the
independent variable to be observed.
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Small-NDesign

• Since most psychophysical experiments involve somewhat
less complex psychological processes that are studied in
well-controlled settings, fewer subjects are often used.

• Psychophysical research often relies on small-n designs, in
which a large number of tightly controlled observations
are made on a small number of observers.

• Other areas of psychology, in particular learning, also use
small-n designs for similar reasons.

• An example of small-n research is shown in the two panels
of Figure 6.11, where a single observer generated both
ROC functions.
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Small-NDesign: An example

(Kantowitz et al., 2015, p. 191)
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Small-NDesign: An example

• In panel (A) the probability that a signal occurred was
varied, and in panel (B) the payoffs for hits and the costs
of false alarms varied.

• The insert shows the hypothetical noise and
sign-plus-noise distributions.
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Small-NDesign: An example

• Data in panel A were obtained by varying signal
probability from low to high relative to the occurrence of
noise-only trials.

• The observer is conservative when signal probability is low,
but as signal probability increases, the observer becomes
more liberal with “yes” responses.

• This change in decision criterion sweeps out the ROC
function starting from the lower left (conservative) and
moving along the curve to the upper right (liberal).
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Small-NDesign: An example

• In panel B, the experimenter kept the signal probability
constant and varied the payoff.

• When the cost of false alarms is high relative to the payoff
for hits (at the lower left), the observer is conservative.

• As the relative payoff for hits increases (moving toward the
upper right), the observer adopts a liberal decision
criterion and becomes more willing to say “yes,” there is a
signal.
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Small-NDesign: An example

• Both ROC curves are well fitted by a d′ = .85 (see the
inset in each panel).

• Such a close fit to the data points (the open circles) is very
impressive, because varying the decision criterion in
different ways generated the two functions.

• The extreme similarity of the two curves illustrates a high
degree of experimental control over the behavior of a
single observer who participated in thousands of trials.

• As we will see, the highly reliable results of
signal-detection experiments help us understand a number
of important psychological phenomena.
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Small-NDesign: Another example

• There is another, important reason for using small-n
designs.

• Many experiments require special participants, such as
specialists in radiology (interpreting X-rays), who are
scarce relative to the large numbers of undergraduates that
typically are used in experiments.

• Thus, a psychophysical experiment on what data are used
by experts to detect breast cancer might include six
mammography specialists (e.g., Swets et al., 2000).
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Small-NDesign: Another example

(Kantowitz et al., 2015, p. 192)
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Small-NDesign: Another example

• ROC Graph of General Radiologists’ Reading of
Mammograms That Did Not Contain Malignancies.

• The lower ROC curve is the baseline, and the upper curve
was generated when radiologists used a checklist of
features developed by mammography experts.
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Small-NDesign: Another example

• The ROC curve labeled “Standard” in Figure 6.12 was
produced by the behavior of five general radiologists who
interpreted in their usual way 118 mammograms, half of
which contained malignancies.

• Each X-ray was rated on a rating scale for the likelihood
of containing cancer, which generated the data points
(circles) in the figure.

• Low probability estimates of malignancy are represented
on the lower left, high estimates on the upper right.

• With little likelihood of cancer, there were few false
alarms, because the radiologist is conservative. Hits and
false alarms both increase as the radiologists say “yes” more
often to the increasing evidence that cancer is present.
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Small-NDesign: Another example

• The upper ROC curve (“Enhanced”) was generated on the
same mammograms months later when the radiologists
had available to them a checklist of features that specialists
in mammography had developed.

• Note that the enhanced curve is farther from the diagonal,
indicating greater sensitivity, and the data indicate a 13
percent increase in hits and a 12 percent decrease in false
alarms.

• The regularity of the psychophysical data and their
enhancement shows the usefulness of such methods in
applied setting.
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alarms.

• The regularity of the psychophysical data and their
enhancement shows the usefulness of such methods in
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Small-NDesign: Applications

• Using experts to help improve the detection of cancer by
general radiologists is one example of using statistical
prediction rules to increase the accuracy of decisions.

• The statistical prediction rules are based on predictor
variables and diagnostic information that can be consulted
during detection decisions of various kinds.
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Small-NDesign: Applications

• Swets and associates (2000) report on studies using
prediction rules to aid in detection in a variety of
situations in which low hit rates might be dangerous or
fatal.

• These include diagnosing prostate cancer, predicting
violence in released prisoners, and enhancing the detection
of finding cracks in airplane wings.
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Dependent Variables

• Observers in psychophysical studies are asked to make one
of two kinds of judgments about stimuli that have been
presented.

• If only one stimulus has been presented on a particular
trial, an absolute judgment is required.

• Absolute judgments can be simple statements about the
presence or absence of a signal (“Yes, I saw it” or “No, I
did not see it”) or direct estimates about some property of
the stimulus (answering) (“How many grams does this
weigh?”).
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Dependent Variables

• If two stimuli must be compared on a particular trial, a
relative judgment is required.

• Again, simple statements, such as “Stimulus A is a larger
than (or smaller than) stimulus B,” can be made; or direct
estimates, such as “Stimulus A is twice as large as stimulus
B,” can be given.
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Independent Variables

• The major independent variables manipulated in
psychophysical studies are the magnitude and the quality
of stimuli.

• Changing the intensity - the physical correlate of loudness
- of a tone would be a manipulation of stimulus
magnitude, as would be changing the weight of an object
or the concentration of an odor.

• The frequency - the physical correlate of pitch - of a tone
would be manipulated to produce a qualitative change in
the stimulus.

• Other qualitative judgments could require that observers
compare various foods (spinach versus turnips) or the
styles of different singers (Madonna versus Adele).
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Control Variables

• The main thing to be controlled in a psychophysical
experiment is the observer’s willingness to make a
particular response.

• This attitude must remain constant from trial to trial.
• An observer who is very willing to make a positive

judgment (“Yes, I saw it”) should maintain this same
willingness over the course of the experiment.

• If the criterion for making a response varies, then an
inaccurate picture of sensitivities is obtained.
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Control Variables

• Classical or traditional psychophysics assumed the
observers could accomplish this constancy without too
much difficulty.

• Once an observer was trained, attitude was supposedly
controlled.
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Control Variables

• Modern psychophysical theories, such as the theory of
signal detection (to be discussed later in this chapter), do
not accept this assumption.

• They assume that the observer makes a response based on
a decision that depends both on the stimulus and on the
psychological factors involved, such as the relative costs
and benefits of the decision.

• So, as will be detailed later, modern psychophysical
methods incorporate special techniques to guarantee (or at
least to test) the assumption that the observer maintains a
constant strategy.
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Problems

• Do Pigeons Have Vision Thresholds?
• How Can We Measure a Pigeon’s Visual Threshold?
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Hypothesis

Pigeons are sensitive to different intensities of light,
and their absolute thresholds will be influenced by vari-
ables that influence human thresholds, such as the wave-
length (color) of the light and certain drugs.
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Method

• Blough (1958, 1961) developed a way to get the pigeon to
indicate the visibility of the light.

• He uses a variant of the staircase method to determine the
absolute threshold.

• Pecks on the Yes key gradually reduce the intensity of the
light, and pecks on the No key gradually increase it.

• Occasionally, pecks on the Yes key completely cut out the
light, and subsequent pecks on the No key are rewarded
with food.
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Method

• This procedure can be described anthropomorphically as
having the pigeon peck the Yes key to turn out the light
and peck the No key to get the food reward.

• What happens is that when the light is too dim for the
pigeon to see, it switches from the Yes key to the No key
to receive the reward. When the light is visible, it switches
from the No key to the Yes key to dim the light.

• Since the bird is shifting back and forth between keys in
response to changes in intensity, we can determine the
absolute threshold by taking the average of the intensities
just prior to the switch from one key to the other.
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