
Acupuncture, Pain, and Signal Detection Theory 
Clark and Yang (1) have underscored an 

important aspect of the analgesic effects 
of acupuncture-that it tends to generate 
positive attitudinal shifts which lead the 
experimental subject to report pain less 
readily. However, their study may have 
provided an inadequate evaluation of the 
effects of acupuncture on sensory sensitiv- 
ity to painful radiant heat stimulation, and 
three aspects of their report warrant con- 
sideration. 

First, the available Chinese literature in- 
dicates that little or no analgesic effect 
should be evident in either of the experi- 
mental conditions employed by Clark and 
Yang. A test on acupuncture anesthesia 
states that 15 to 20 minutes of electrical 
acupuncture stimulation are required for 
the development of analgesia, and an in- 
duction period of this length precedes sur- 
gery (2). Furthermore, Peking investiga- 
tors using potassium iontophoresis do- 
lorimetry reported that cutaneous pain 
thresholds followed a negatively accelera- 
ted growth function as electrical acupunc- 
ture stimulation progressed, becoming 
stable only after about 50 minutes (3). 
Thresholds began to drop rapidly after 
needles were removed. Although threshold 
studies can be misleading, as Clark and 
Yang noted, the Chinese report does sug- 
gest that Clark and Yang did not allow 
sufficient time for an analgesic effect to de- 
velop. Their subjects were tested during an 
acupuncture stimulation period of 15 to 20 
minutes and again after needles were re- 
moved. 

Second, Clark and Yang picked a diffi- 
cult area in which to demonstrate acupunc- 
ture analgesia. One of us (C.R.C.) was in- 
formed, while visiting Chinese operating 
theaters, that acupuncture analgesia is 
most often successful for surgery of the 
head and trunk, while effects are less reli- 
able on the extremities. Kaada et al. (4) ob- 
tained the same information. 

Third, sensory sensitivity (d') values in 
each treatment condition were calculated 
on the basis of only 12 stimuli at each of 
the two test intensities. The use of a small 
number of trials reduces the precision of 
signal detection indices as well as their reli- 
ability. While the mean values reported 
were remarkably consistent across ana- 
tomical test sites, the possibility exists that 
a difference might have been missed be- 
cause so few trials were used. 

We examined the analgesic effects of bi- 
lateral acupuncture at a single locus on the 
dorsal aspect of the hand in 42 volunteers, 
comparing its effects to those of nitrous 
oxide (5). High, medium, low, and zero in- 
tensity electrical stimuli were delivered to 
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the central incisors in random order, with 
75 trials at each level, and subjects gave 
rating scale responses to indicate the pain 
experienced with each stimulus in both 
baseline and test sessions. Electrical stimu- 
lation of the needles for acupuncture sub- 
jects began 20 minutes before testing and 
continued for the rest of the session. Ana- 
lyzing the data by signal detection meth- 
ods, we observed that controls improved in 
stimulus detection and discrimination over 
two sessions, while acupuncture subjects 
showed significant decreases in d' between 
baseline and test sessions, as did subjects 
given 33 percent nitrous oxide. In addition, 
significant changes in response bias, sim- 
ilar to those reported by Clark and Yang 
(1), were observed. 

Acupuncture generates sensory analge- 
sic effects for experimental dental pain, but 
sensory changes are of small magnitude 
and many trials are required to demon- 
strate them. Whether acupuncture affects 
cutaneous sensitivity to radiant heat stimu- 
lation has not been conclusively answered 
by the Clark and Yang report. 

C. RICHARD CHAPMAN 

Departments of Anesthesiology, 
Psychiatry and Behavioral Sciences, and 
Psychology, University of Washington 
School of Medicine, Seattle 98195 

JOHN D. GEHRIG 

Department of Oral Surgery, University 
of Washington School of Medicine 

MICHAEL E. WILSON 

Department of Anesthesiology, University 
of Washington School of Medicine 

References 

1. W. C. Clark and J. C. Yang, Science 184, 1096 
(1974). 

2. Board of Acupuncture Anesthesia, Acupuncture 
Anesthesia (in Chinese) (People's Publishing Soci- 
ety, Shanghai, 1972). 

3. Research Group of Acupuncture Anesthesia, Pe- 
king College, Chin. Med. J. 3, 151 (1973). 

4. B. Kaada, E. Hoel, K. Leseth, B. Nygaard-Ostby, 
J. Setekleiv, J. Stovner, Tidsskr. Nor. Laegeforen 
94, 417 (1974). 

5. C. R. Chapman, J. D. Gehrig, M. E. Wilson, 
Anesthesiology, in press. 

8 August 1974 

Clark and Yang (1) report that acupunc- 
ture treatment did not alter the physical 
discriminability (d') of the two radiant 
heat stimuli presented, but did result in a 
reduced willingness of subjects to report 
pain (that is, a change in response bias to a 
stricter criterion) and hence "did not pro- 
duce acupunctural analgesia." We feel that 
their conclusions regarding the effects of 
acupuncture are unjustified because of fail- 
ure to meet the basic assumptions of the 
theory of signal detection (TSD). 

Specifically, Clark and Yang fail to in- 
clude an evaluation of subjects' responding 

in the presence of a clearly nonnoxious 
stimulus. As Swets (2) points out, "We 
imagine signal detection to be a choice be- 
tween two Gaussian variables. One, having 
a mean equal to zero, is associated with 
noise alone; the other, having a mean equal 
to d', is associated with signal plus noise." 
Traditional applications of TSD allow ob- 
jective measurement of both the nature 
and physical presence of signal (S) and 
noise (N) independent of subjects' reports. 
With pain, however, objective verification 
is not possible. Any stimulus that elicits re- 
ports of pain must be presumed painful, 
and its use would not, therefore, allow an 
estimation of the N distribution necessary 
to evaluate changes in pain sensitivity re- 
flected by d'. To avoid the logical con- 
tradiction inherent in labeling as N a stim- 
ulus that elicits a pain response, one must 
devise a means of measuring responding in 
the objectively verifiable absence of 
noxious stimulation (for example, no stim- 
ulation at all). While Clark (3) makes the 
questionable contention that stimuli pro- 
ducing the perception of warmth may be 
employed for estimating the N distribu- 
tion, data included in that same paper 
show a 370 mcal sec-' cm-2 stimulus (the 
same stimulus treated as N in the acupunc- 
ture study) to be reported as painful 87 
percent of the time. Thus, Clark and Yang, 
by comparing two radiant heat stimuli of 
different intensities without an appropriate 
N comparison, have violated the proce- 
dural requisites of TSD. 

Although Clark and Yang interpret 
their failure to find a change in d' as an ab- 
sence of analgesia, it seems just as likely to 
expect analgesia to result in a decrease in 
pain responses to all noxious stimuli, in- 
cluding those in their experiment asso- 
ciated with the lower stimulus intensity of 
370 mcal sec-' cm-2. At a theoretical level, 
analgesia could result in the distributions 
of both noxious stimuli shifting about 
equally to the left along the decision axis. 
This hypothesis would predict that anal- 
gesia need not always be attended by 
changes in d' between stimuli. In the ab- 
sence of an N evaluation, such shifts would 
be misconstrued as a change in response 
bias to a stricter criterion. Empirical sup- 
port for this latter interpretation is found 
in a report by Chapman et al. (4), who 
demonstrated that 33 percent nitrous oxide 
did reduce d' for radiant heat stimuli when 
compared to a zero intensity condition but 
did not alter d' for adjacent nonzero stimu- 
lus pairs quite similar to those of Clark 
and Yang. Consequently, it could be ar- 
gued that Clark and Yang's results are not 
inconsistent with the induction of "true" 
analgesia, and their omission of an ap- 
propriate N estimate led them to interpret 
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distribution shifts as changes in response 
bias. 

In conclusion, we maintain that pub- 
lished applications of TSD to ahalgesia re- 
search have produced, at best, equivocal 
results. Clark and Yang (1) and Chapian 
et al. (4), in the presence of similar data, 
have drawn opposite conclusions. Even ex- 
plicit operational recognition of the as- 
sumptions of the model still poses serious 
questions about its applicability too de- 
tailed to be considered here. Without such 
operations, however, we feel results cannot 
be interpreted within the context of TSD. 
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Clark and Yang (1) present an ingenious 
study of acupuncture analgesia but in 
trying to avoid certain problems in the def- 
inition of pain they have measured the 

wrong type of sensitivity. As they point 
out, the measurement of pain is com- 
plicated by the interplay of sensory and at- 
titudinal variables. Signal detection theory 
allows one to separate these variables ex- 

perimentally, provided one can present two 
stimuli that, by definition, differ with re- 

spect to some variable, such as the pres- 
ence or absence of a light. The stimulus 
that contains the light is called the signal 
and the one that does not is called noise. 
This example would allow the measure- 
ment of the absolute sensitivity to the light. 
Instead of absolute sensitivity, one might 
be interested in the differential sensitivity, 
the ability to discriminate two intensities 
of light from one another. In that case, the 
more intense light would be the signal and 
the less intense, the noise. 

As Clark and Yang realize, pain is prob- 
lematic because it is not possible to present 
a stimulus that is either painful or is not 
perceived at all. If heat is used as the pain 
stimulus, an intensity too weak to evoke 
pain will produce the sensation of heat. So 
one cannot study the absolute sensitivity 
to pain, per se, using signal detection the- 
ory, because the independent variable is 
heat, not pain. 

Clark and Yang try to get around the 
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problem in the following way: two stimuli 
are presented that vary in intensity and the 
subject is instructed to use different labels 
to describe them. They analyze the differ- 
ences in the way labels are attributed to the 
pair of stimuli. This is a legitimate proce- 
dure in signal detection theory but it yields 
a measure of differential sensitivity to vari- 
ous stimuli that are warm or painful (or 
both), not the absolute sensitivity to pain. 

If the measurement of differential sensi- 
tivity to thermal stimuli is the best that can 
be done, why am I objecting? Two reasons. 
First, absolute sensitivity and differential 
sensitivity are not two aspects of a single 
sensory capability. It is not uncommon for 
differential sensitivity to increase and ab- 
solute sensitivity to decrease as a result of 
the same manipulation. Two well-known 
examples are sensory adaptation (2) and 
physical damage to a receptor (3). Adapta- 
tion is often thought of as simply a de- 
crease in sensitivity of a system to some 
stimulus as a result of steady presentation 
of the stimulus. However, while absolute 
sensitivity has decreased, differential sensi- 
tivity has increased. Adaptation has been 
likened to a device that adjusts the range of 
maximum sensitivity of a sensory system 
to prevailing conditions. In sensory-neural 
deafness the threshold is elevated but the 
ear is more sensitive to variations in loud- 
ness, as revealed in the slope of the psycho- 
metric function at threshold and the rate of 
growth of loudness just above threshold. 
The fact that acupuncture produced no 
change in differential sensitivity to thermal 
stimuli does not imply that there might not 
have been a decrease in absolute sensitivity 
to pain. 

Second, and more fundamental, because 
they must settle for measuring sensitivity 
to warmth or pain (or both) rather than 
pain per se, they confuse the ability to 
sense a stimulus with the quality of the sen- 
sation. 

Since the requirements of signal detec- 
tion theory have not been met, it is fruitless 
to discuss whether changes occurred in 
sensitivity (d') or criterion (L ). Unfortu- 
nately, it does not seem possible to meet 
those requirements in principle. 
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The above comments are welcome, espe- 
cially since they serve to focus attention on 
the value of signal detection theory, which, 
unlike the traditional psychophysical 
methods, successfully distinguishes be- 
tween the sensory and response bias com- 
ponents of the classical perceptual thresh- 
old (1). Pain is an extremely complex per- 
ceptual experience in which sensory and 
psychological factors are closely inter- 
laced. Signal detection theory specifically 
addresses itself to such problems. The pro- 
cedure may not be perfect, but it is cer- 
tainly the best model presently available 
for the investigation of experimentally 
contrived pain. If nothing else, signal de- 
tection theory has made us aware that a 
decrease in pain report does not necessar- 
ily indicate an amelioration of the pain ex- 
perience. 

We cannot agree with the statement of 
Chapman et al. (2) that "the available Chi- 
nese literature indicates that little. or no 
analgesic effect should be evident" under 
the conditions used in our study. With re- 
spect to duration of stimulation, our 
Chinese (Shanghai) manual Acupuncture 
Anesthesia (3) states that, for surgery of 
the forearm, "the acupuncture anesthesia 
induction time should be around 20 min- 
utes." In our study (4), no analgesia was 
evident in any of our subjects even though 
the duration of acupunctural stimulation 
for all subjects except one ranged from 20 
to 28 minutes (mean, 24.7) (one was stimu- 
lated for 46 minutes). The work of the Pe- 
king group (5) cited by Chapman gives the 
time course of pain threshold changes in 
various parts of the body following acu- 
puncture at the Ho-Ku or Isu-San-Li sites 
(or both). The results of this excellent 
study do not contradict the instructions of 
our manual. The Peking group used one or 
two acupuncture sites and studied thresh- 
old changes in eight sites in the body, not 
including the forearm. In contrast, we used 
six acupuncture sites specifically pre- 
scribed for forearm surgery. Furthermore, 
their data on the leg (the only limb studied) 
indicates that two-thirds of the maximum 
(50-minute) analgesic effect was obtained 
in 25 minutes, the same duration as our 
stimulation period. Instead, we obtained 
absolutely no analgesic (lower d') effect. 

In a recent symposium (6), durations of 
8 to 30 minutes (7) were reported as being 
sufficient to produce fewer pain reports 
(so-called "analgesia"). Man and Baragar 
(8) reported an effect in 1 minute, and 
Chang (9) found that acupuncture took 
only a few seconds to stop the character- 
istic unit discharges found when the nu- 
cleus centralis lateralis of the thalamus is 
responding to noxious stimulation, in this 
instance a surgical wound. 
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With respect to the persistence of the 

analgesia following removal of the needles, 
our manual (3) states: "When the stimu- 
lation of the surgery is not too strong you 
can stop manipulating the needle or stop 
the electric current.... Whenever the stim- 
ulation of surgery becomes too strong, you 
must twist or stimulate the needle to keep 
the effect." Since the thermal experimental 
pain, from which the subject could with- 
draw if it became too painful, is innocuous 
relative to surgical pain, we believe that the 
analgesia could be expected to persist for 
some time. The Peking group (5) reported 
a decrease in analgesia almost immedi- 
ately following the removal of the needles; 
however, even 10 minutes later about two- 
thirds of the analgesic effect remained in 
the limb. However, in the period after acu- 
puncture we obtained neither a threshold 
effect (fewer pain reports) nor a decrease in 
d' or Lx. Again, there is very little agree- 
ment about duration of analgesia (10). 

Chapman et al. (2) suggest that it is eas- 
ier to demonstrate acupunctural analgesia 
in the head and trunk than in the ex- 
tremities. Perhaps, but the manual (3) 
claimed that analgesia sufficient to permit 
surgery could be induced in the forearm. 
Furthermore, in figure 2 of the reference 
(5) cited by Chapman et al. (2), the degree 
of analgesia in the head is shown to be 
equal to that found in the ipsilateral leg, 
and even less than that found in the con- 
tralateral leg. 

In sum, there is no compelling evidence 
that our failure to find analgesia was due to 
departure from accepted practice. Al- 
though it might prove effective to use 
longer stimulation times, as Chapman sug- 
gests, our conclusion is that the intensity of 
acupunctural stimulation should be the 
first candidate for future investigation. In 
our experiment (4) we increased the in- 
tensity of electrical stimulation until the 
subject refused to bear any more pain. In- 
deed, physical signs such as grimacing and 
clenching were occasionally present. How- 
ever, success in China could be due to an 
ethnoculturally induced willingness to ac- 
cept considerably higher intensities of acu- 
punctural stimulation. Also, the use of pre- 
operative analgesics and sedatives appears 
to be common in China (11), and would 
permit the administration of still higher in- 
tensities of acupunctural stimulation. Such 
intensities might induce a true analgesia 
(lower d') in addition to the raised pain re- 
port criterion (Lx) which we found. Per- 
haps the positive results reported by 
Chapman for dental pain were due to 
higher intensities of stimulation. 

In the more readily specified realm of 
psychophysics, Chapman et al. (2) cor- 
rectly note that when there are too few 
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Table 1. Various meanings of absolute and differential sensitivity; N, noise; S, intensity; the sub- 
scripts indicate the amount of activity in the sensory system; versus indicates the physical states 
being discriminated. N is used rather than No to indicate that spontaneous neural activity is present 
even in the absence of physical stimulation. 

Discrimination 

Background Absolute sensitivity Differential sensitivity 
Blank = 0 Blank > 0 

Absolute sensitivity A B 
Surround = 0 N, versus S, + N, S, + N, versus S2 + N, 

Differential sensitivity C D 
Surround > 0 N2 versus S, + N2 S, + N2 versus S2 + N2 

stimulus presentations the resulting esti- 
mates of d' and Lx may be highly variable, 
with the result that statistical tests may 
lack power to detect differences. We would 
prefer to use more than 12 stimuli per in- 
tensity; however, one runs into the problem 
either of tiring the subject or of omitting 
essential controls such as the simultaneous 
testing of a nonacupunctured area. In our 
study (4) (which included four other in- 
tensities in addition to the two mentioned 
in the report), each subject judged at least 
432 stimuli in a period of about 2 hours. 
This approaches the edge of endurance of 
most observers. Ip any event, 12 presenta- 
tions per intensity appear to be sufficient. 
First, as Chapman recognized, the mean 
values of d' were remarkably uniform at 
both sites and under all conditions. This 
uniformity makes it unlikely that differ- 
ences existed which were not detected be- 
cause tests lacked power. Second, it seems 
unlikely that the tests used could be pow- 
erful enough to detect differences in Lx but 
not powerful enough to detect differences 
in d'. Third, in earlier studies, Clark and 
co-workers have used as many as 25 stim- 
uli (12) and as few as 12 (13) without en- 
countering any marked change in variabil- 
ity. Finally, using fewer than 12 stimuli per 
intensity we found a dose-related decrease 
in d' following a median nerve block with 
dilute Carbocaine. If acupunctural anal- 
gesia had even begun to approach the ef- 
fectiveness of a drug-induced peripheral 
nerve block, it would have been apparent 
in our data. We agree that the effect of the 
number of presentations on the standard 
error of d' and Lx deserves investigation. 
To this end we have presented the standard 
errors of the mean; we hope that other in- 
vestigators will do likewise. 

Hayes et al. (14) have drawn the atten- 
tion of pain researchers to the importance 
of using nonnoxious stimuli including zero 
intensity. As they point out, if the d's are 
not ultimately anchored to zero intensity, 
it becomes possible for the distributions to 
shift to the left along the decision axis 
without a change in d' becoming apparent, 
and the effect of an analgesic might be 
missed. In fact, our present study (4), like 

our earlier ones (12, 13), did include stimu- 
lus intensities of 0, 120, 240, and 305 meal 
sec-' cm-2 as well as the two higher in- 
tensities of 370 and 420 meal sec-1 cm-2; 
data at the lower intensities were omitted 
from the Science report because of space 
restrictions. We found no significant ef- 
fects for treatment (acupunctured versus 
control arm) or for period (before, during, 
or after acupuncture) for any of the other 
intensity pairs. Furthermore, in the critical 
test for the presence of analgesia, the treat- 
ment by period by intensity interaction, d' 
failed to approach significance (F = 0.97; 
d.f. = 8, 80; P < .25). Contrary to Chap- 
man et al. (15), who found that nitrous ox- 
ide reduced d' at low heat intensities, we 
found no effect with acupuncture at any in- 
tensity. 

Although the applicability of signal de- 
tection theory to pain has not been conclu- 
sively established, no other viable alterna- 
tive exists. Studies of analgesia by tradi- 
tional threshold methods yield far more 
equivocal results than do studies using sig- 
nal detection theory. Threshold measures 
hopelessly confound sensory and attitudi- 
nal components, and lead to fruitless dis- 
putes about whether a procedure affects 
sensitivity to stimulation or the criterion 
for reporting pain. The need is for more re- 
search, not a return to outmoded psycho- 
physical procedures. 

McBurney (16) contends that the re- 
quirements for signal detection theory 
have not been met, and cannot be met in 
principle. Fortunately for researchers in 
pain, this conclusion is false. Since it is not 
clear which assumption has not been met, 
let us match those introduced by Green 
and Swets (1) to the present experiment. (i) 
Two or more quantifiable states of the 
world exist, in this instance, radiant in- 
tensities of 0, 120, 240, 305, 370, and 425 
mcal sec-' cm-2. The independent variable 
is neither the sensory experience of heat 
nor that of pain, but the intensity of ther- 
mal radiation. (ii) The various physical 
states give rise to different distributions of 
observations. The observation may be re- 
garded as unidimensional even when the 
sensory system has many dimensions, be- 
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cause it can be represented as a point in m- 
dimensional space; and there exists a likeli- 
hood ratio, or a unique set if the number of 
stimulus intensities is greater than two, for 
each such point. (iii) The observer re- 
sponds with a decision or hypothesis about 
the physical state of the world. This deci- 
sion arises from some strategy, that is, a 
decision rule, which partitions the set of 
possible observations into a number of re- 
sponse classes; in the present instance, 
"nothing" through "warm" and "hot" to 
"painful." (iv) In accepting or rejecting 
various hypotheses about the state of the 
world, the observer makes use of a poste- 
riori probabilities. (v) The likelihood ratio 
is a single real number that expresses the 
strength of evidence associated with each 
observation. The dimensionality of the ob- 
servation or event in no way influences the 
calculation of the likelihood ratio by the 
observer. It is assumed that observers can 
compare various sensory events with an or- 
dinal scale that is monotonic with the like- 
lihood ratio. 

Green and Swets (1, p. 123) state: "It is 
important to note that the objectivity of 
detection theory methods does not require 
that the experimenter be able to score the 
subject as right or wrong; he need only 
know which value of the signal he 
presented on each trial. The experimenter 
cannot score the subject as right or wrong 
when he is measuring a transition from hot 
to cold, from not painful to pain, from 
beats to roughness, or from achromaticity 
to chromaticity. He can, however, deter- 
mine the reliability with which an observer 
can discriminate between any two (or 
more) signals on one of these continua by 
determining an ROC curve..." Further- 
more, it is not necessary to obtain pain re- 
ports; d's can be based on intensity reports 
(high or low) or on confidence ratings (17). 

McBurney's other objection is that ab- 
solute sensitivity and differential sensitivity 
are not two aspects of a single sensory ca- 
pability, since, for example, manipulation 
of sensory adaptation may cause the two 
types of sensitivity to move in opposite di- 
rections. This is certainly true. However, in 
the study of visual contrast thresholds as a 
function of stimulus duration, one would 
never attempt to plot a point from the ab- 
solute sensitivity function (scotopic thresh- 
old) in the midst of a relative sensitivity 
(photopic) curve. Confusion arises here be- 
cause McBurney, and indeed many of the 
handbooks, use but two terms to describe 
the four situations portrayed in Table 1. 
Thus, it is not always clear whether abso- 

cause it can be represented as a point in m- 
dimensional space; and there exists a likeli- 
hood ratio, or a unique set if the number of 
stimulus intensities is greater than two, for 
each such point. (iii) The observer re- 
sponds with a decision or hypothesis about 
the physical state of the world. This deci- 
sion arises from some strategy, that is, a 
decision rule, which partitions the set of 
possible observations into a number of re- 
sponse classes; in the present instance, 
"nothing" through "warm" and "hot" to 
"painful." (iv) In accepting or rejecting 
various hypotheses about the state of the 
world, the observer makes use of a poste- 
riori probabilities. (v) The likelihood ratio 
is a single real number that expresses the 
strength of evidence associated with each 
observation. The dimensionality of the ob- 
servation or event in no way influences the 
calculation of the likelihood ratio by the 
observer. It is assumed that observers can 
compare various sensory events with an or- 
dinal scale that is monotonic with the like- 
lihood ratio. 

Green and Swets (1, p. 123) state: "It is 
important to note that the objectivity of 
detection theory methods does not require 
that the experimenter be able to score the 
subject as right or wrong; he need only 
know which value of the signal he 
presented on each trial. The experimenter 
cannot score the subject as right or wrong 
when he is measuring a transition from hot 
to cold, from not painful to pain, from 
beats to roughness, or from achromaticity 
to chromaticity. He can, however, deter- 
mine the reliability with which an observer 
can discriminate between any two (or 
more) signals on one of these continua by 
determining an ROC curve..." Further- 
more, it is not necessary to obtain pain re- 
ports; d's can be based on intensity reports 
(high or low) or on confidence ratings (17). 

McBurney's other objection is that ab- 
solute sensitivity and differential sensitivity 
are not two aspects of a single sensory ca- 
pability, since, for example, manipulation 
of sensory adaptation may cause the two 
types of sensitivity to move in opposite di- 
rections. This is certainly true. However, in 
the study of visual contrast thresholds as a 
function of stimulus duration, one would 
never attempt to plot a point from the ab- 
solute sensitivity function (scotopic thresh- 
old) in the midst of a relative sensitivity 
(photopic) curve. Confusion arises here be- 
cause McBurney, and indeed many of the 
handbooks, use but two terms to describe 
the four situations portrayed in Table 1. 
Thus, it is not always clear whether abso- 
lute and differential sensitivity refer to the 
intensity of the stimulus background or to 
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tion theory "blank" refers to the zero or 
lower intensity stimulus.) In his second 
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paragraph, McBurney's definition of abso- 
lute sensitivity is that of type A, and his 
differential sensitivity refers to type B and 
perhaps type D measurements. It is per- 
fectly legitimate to compare type A mea- 
surements with type B, since both are abso- 
lute sensitivity with respect to background; 
similarly, types C and D measurements 
may be compared. It is improper, as 
McBurney points out, to compare type A, 
absolute surround sensitivity, with either 
type C or D. This we did not do. Since the 
thermal stimuli were applied to warm skin 
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ues of d', independent of the quality of the 
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"high," or "yes"), measure the capacity of 
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ation reaching the skin. Conceivably, 
transmission in fibers mediating pain could 
be blocked without affecting d'. This seems 
unlikely in principle, since d' depends upon 
total information transmitted, nor has it 
been found in practice. Recognized anes- 
thetics (15) and analgesics decrease d', ac- 
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detection theory entirely, both during and 
following acupuncture, our subjects felt 
that a skin incision would inflict the usual 
amount of pain. 
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Bever and Chiarello (1) described an un- 
expected right ear superiority (putatively a 
left hemisphere dominance) for musicians 
in a melody recognition task. The usual 
observation (2) that recognition of melodic 
stimuli produces left ear superiority (right 
hemisphere dominance) was seen in a sec- 
ond group of listeners who were musically 
"naive." The counterindication was inter- 
preted to be a result of musical training in 
which specialized left hemisphere analysis 
had been developed. The trained ("sophis- 
ticated") musicians apparently had learned 
to analyze the tonal sequence according to 
what Bever and Chiarello called "internal 
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relationships of its components," an aspect 
of the serial or sequential (analytic) pro- 
cess of the left hemisphere (3). In contrast, 
musically naive listeners lacking special- 
ized training had processed melodic pas- 
sages according to the more holistic or 
unit mode of cognition in the right hemi- 

sphere (4). 
To support the effect of musical train- 

ing, Bever and Chiarello cited my report 
(5) of college musicians who also failed to 
show the usual left ear dominance for mel- 
odies. But my results did not demonstrate 
right ear superiority, whereas they did 
show left ear dominance for musical 
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