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Beninger et al. (1) concluded that the 
lever pressing of rats reinforced directly 
with electrical brain stimulation rein- 
forcement (BSR) (i) does not show a 
sharp decline when BSR is terminated 
and (ii) is as easily brought under the 
control of a lean intermittent schedule of 
BSR as it is under a schedule of food re- 
inforcement. These conclusions, which I 
dispute, conflict with numerous empiri- 
cal reports (2) and suggest that three ma- 
jor theoretical accounts (3, 4) aimed at 
understanding these "anomalies" of 
BSR are unnecessary. 

The authors' conclusions are partly 
based on their inability to replicate my 
finding (5) that if a response-dependent 
BSR was preceded by a brief warning 
signal (a cue light) rather than immedi- 
ately following the response, (i) the ac- 
quisition of control by an intermittent 
schedule [such as fixed ratio (FR), 200; 
variable interval (VI), 2 minutes; or fixed 
interval (FI), 3 minutes] was facilitated 
and (ii) a higher response rate was main- 
tained on time-based schedules. I have 
found that the effect of the warning sig- 
nal in my experiment depends upon an 
artifact. 

The artifact is caused by an electrode 
and plug assembly (Plastic Products, 
Inc.) that has the potential for move- 
ment-produced electrical discontinuity 
and graded conductance change at the 
interface. As a result, preceding the BSR 
with a brief warning signal imposed a 
chain schedule: the signal functioned as 
a discriminative stimulus (SD) for the ani- 
mal's postural adjustment which, be- 
cause of the artifact, allowed an increase 
in conductance and charge, and con- 
sequently a greater magnitude of rein- 
forcement. This was shown by data for 
four rats that acquired lever pressing re- 
inforced by signaled BSR in both com- 
ponents of a multiple VI 1-minute, VI 1- 
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minute schedule. A constant voltage 
stimulator was employed. After behavior 
stabilized, BSR was signaled in one com- 
ponent and unsignaled in the other. Sub- 
stantially more current passed when the 
BSR was signaled rather than unsignaled 
(Fig. 1). The asymptotic response rate 
was 8 to 20 percent higher in the com- 
ponent associated with signaled BSR. 
Reversal of the component stimuli with 
respect to signaling of BSR produced the 
same result. When a new "captive" col- 
lar (Plastic Products, Inc.) was sub- 
stituted for the older model plug and col- 
lar, current flow for signaled and unsig- 
naled BSR was nearly the same and re- 
sponse rate for the two schedule 
components did not differ. The ability of 
the signaled BSR to maintain higher re- 
sponse rates is thus an artifact of the old- 
er model plug assembly (6). Further- 
more, without the artifact making the 
signal an SD in a chain schedule, the sig- 
naling procedure is as poor as or worse 
than simple response-contingent BSR (7) 
in bringing about lever pressing on an in- 
termittent schedule. The efficacy of a 
chain schedule in establishing schedule 
performance with BSR was first shown 

s u 
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400- 

Fig. 1. Typical oscillograph tracings of cur- 
rent passed as a function of whether the BSR 
was signaled (S) or unsignaled (U). The signal 
was a 7-W cue light above the lever. Re- 
sponse-contingent signaled and unsignaled 
stimulation was presented in two components 
(200- or 1100-Hz tones) of a multiple VI 1- 
minute, VI 1-minute schedule. Components 
changed with a probability of 0.3 after a BSR. 
The stimulation was 60-Hz sinusoidal, con- 
stant voltage; values for the four subjects var- 
ied from at 1.5 to 2.5 V. The electrodes were 
bipolar platinum twisted pairs. 
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by Pliskoff et al. (8) with multiple trains 
of stimulation per reinforcement. My 
own experiment (5) shows that a single 
train of BSR can serve as reinforcement 
in the terminal link of an intermittent 
chain schedule. 

Beninger et al. (1) claim to show in 
their third experiment that performance 
typical of that with food reinforcement is 
produced with simple response-contin- 
gent BSR and that a special procedure 
such as chaining is therefore unneces- 
sary. But their response rates of 5 per 
minute are exceedingly low for a random 
interval (RI) 45-second schedule. Even 
the highest rates reported (10 per minute) 
are considerably lower than the 20 per 
minute found in my experiment with a 
substantially leaner VI 2-minute sched- 
ule. Beninger et al. reported rapidly de- 
clining response rates as the RI value 
was increased. Perhaps this discouraged 
attempts to maintain responding on such 
schedules as FR 200, VI 2 minutes, and 
FI 3 minutes, as shown in experiments in 
which a chaining procedure was used (5, 
8). Only evidence (with cumulative rec- 
ords) of such schedule performance 
should be taken in support of the asser- 
tion that chaining is unnecessary. 

Imposing a chain schedule with BSR 
prevents the occurrence of the rapid ex- 
tinction effect (REE) (9)-a sharp drop- 
off in responding when extinction is pro- 
grammed after continuous reinforcement 
(CRF) training-during the transition 
from CRF to the intermittent schedule. 
The REE is peculiar to BSR because 
BSR is ordinarily applied in the last and 
only link of a chain schedule, whereas 
food reinforcement requires many links 
in a chain of consumatory behavior. In 
1934, Skinner (10) asserted in the lan- 
guage of the day that "in a chain of re- 
flexes not ultimately reinforced, only the 
members actually elicited undergo ex- 
tinction." In other words, responses af- 
ter the break are protected from ex- 
tinction because SD's for them are not 
presented. On the other hand, SD's be- 
fore the break are presented and their re- 
sponses are extinguished. Consequently, 
the REE reflects the breakage of the all- 
important last and only link of a one-link 
chain. When extinction after CRF with 
food reinforcement occurs, many links 
after the break are "not elicited" and the 
operant is thereby better protected from 
extinction. Similarly, the response dec- 
rement in extinction after CRF training is 
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rement in extinction after CRF training is 
slower when a foodlike chain is arranged 
than when BSR is directly contingent on 
the operant (11). Almost all successful 
attempts to maintain behavior on an in- 
termittent schedule of BSR have em- 
ployed a chain that protects the operant 
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from extinction during the transition 
from CRF to the schedule (12). 

Accordingly, it is not BSR per se that 
makes schedule control difficult, but its 
property of being applied in the last link 
of a one-link chain. Other applied rein- 
forcers pose similar problems in rats and 
ducklings (13) as well as humans (14). 
Carlisle (15) found that rats pressing to 
turn on a heat lamp reinforcer in a cold 
chamber performed well on a CRF 
schedule, but poorly on an intermittent 
schedule unless a chaining procedure 
was used. 

Whereas most of the experiments 
since 1958 in which the older electrode 
and plug assembly was used remain val- 
id, conclusions from those in which in- 
formation about BSR onset was varied 
should be questioned, because the infor- 
mation would act as an SD for postural 
adjustment leading to increased rein- 
forcement. Some examples of those ex- 
periments follow: Stein's (16) conclusion 
that stimulus need not be an SD for it to 
be a conditioned reinforcer. The finding 
by Steiner et al. (17) that a pattern of 
BSR which rats produce in a self-stimu- 
lation test is aversive when "played 
back" independent of behavior; Fair- 
cloth's (18) conclusion that BSR is more 
reinforcing when it is self-initiated; Bol- 
linger and Gerall's (19) finding of a de- 
crease in brain-electrode impedance as- 
sociated with the acquisition of self-stim- 
ulation; and my conclusion with Lo- 
Lordo (20) that rats prefer signaled to 
unsignaled BSR. 

MICHAEL B. CANTOR* 
Department of Psychology, 
Columbia University, 
New York 10027 
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ies. Rats were tested always at the same 
time each day, in closed, sound-in- 
sulated chambers, with continuous white 
masking noise. There were thus no dis- 
tractions to interfere with the perform- 
ance of the task. Another feature that 
may have influenced the result is that the 
rat's first response in the session was 
usually reinforced. 

Contrast effect may have contributed 
to the widespread impression that BSR 
results in rapid extinction. After watch- 
ing a rat respond at 100 per minute an 
experimenter may regard a rate of 5 per 
minute as extinction, which it clearly is 
not. Suboptimal electrode placement or 
parameters of stimulation may account 
for other failures to achieve good BSR 
with lean schedules. Sidman et al. (4), 
for example, used septal and caudate 
electrodes. 

Our results do not necessarily imply 
that chaining of responses would not 
produce further improvement. As point- 
ed out by Cantor, however, most of the 
reported chaining experiments are con- 
founded by presentation of multiple 
BSR's at the end of each chain. Cantor's 
own experiment, which he now claims to 
be an example of chaining, uses only 
single BSR's, but, in common with oth- 
ers he has presented no data from un- 
chained control experiments. It may be 
that such a control is impossible. On any 
intermittent schedule of reinforcement 
the unreinforced responses are links in a 
chain leading to the reinforced response. 
This applies even to the data of Sidman 
et al. (4), the primary source of the belief 
that performance on lean schedules is 
impossible with BSR. 

The most obvious difference between 
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ers he has presented no data from un- 
chained control experiments. It may be 
that such a control is impossible. On any 
intermittent schedule of reinforcement 
the unreinforced responses are links in a 
chain leading to the reinforced response. 
This applies even to the data of Sidman 
et al. (4), the primary source of the belief 
that performance on lean schedules is 
impossible with BSR. 

The most obvious difference between 

food reinforcement and BSR is not in de- 
gree of chaining but in the fact that food- 
deprived animals have a mechanism for 
motivating food-getting behavior while 
there is no such clearly recognizable mo- 
tivation for BSR. In a deprived animal 
expectation of food is readily aroused 
because it is already being facilitated by 
hunger. At the beginning of a session, 
expectation of BSR should be more com- 
parable to expectation of food in a sati- 
ated animal. Satiated animals will initiate 
responding for food (4) but quickly dis- 
cover that food is no longer reinforcing 
and stop responding. An animal initiating 
responses for BSR, on the other hand, 
will have its expectation of reward con- 
firmed and will continue to respond. In 
fact, it will probably do so with increased 
vigor because the association of BSR 
with the situational cues benefits from a 
recency effect. 
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Carlen et al. (1) have provided us with 
a stimulating bit of evidence for revers- 
ible cerebral atrophy among four of eight 
alcoholic patients. However, many ques- 
tions can be raised about their data 
whose answers would provide an alto- 
gether different conclusion. 

Reversible atrophy was reported to 
have occurred only in those patients who 
remained abstinent from the time the 
first scan was obtained until the second 
scan was completed. However, we per- 
formed statistical analyses (Student's t- 
test, paired comparisons) of their data 
and found that the size of the ventricles 
was not significantly different when mea- 
sured at an average of about 1 month af- 
ter the last drink (scan 1) than at an aver- 
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age of about 1 year's abstinence (scan 2). 
Second, since, the authors did not pre- 
sent data for a nonalcoholic control 
group it is impossible to determine if the 
ventricular size noted was abnormal 
even on the first scan. Also, a non- 
alcoholic control group was not mea- 
sured twice so we do not know if their 
computed tomography (CT) method was 
reliable. 

We recently completed a study of 15 
alcoholics using CT scans and psycho- 
logical test performance as indicators of 
brain pathology (2). We found only one 
case in 15 that was clearly abnormal, 
even though our subjects had been heavy 
consumers of alcohol for an average of 
15 years. Before it may be concluded 
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that brain damage is reversible upon re- 
peated scanning, as Carlen et al. did, it 
must first be demonstrated that the scans 
are abnormal initially. From our own 
findings, we would expect at most only 
one of these alcoholics to have had ab- 
normal scans upon initial scanning, if 
they were randomly selected. Other fac- 
tors such as liver pathology (3) and selec- 
tion of patients because of persistent 
neurological deficits warranting CT 
scans on clinical grounds (4) greatly in- 
crease the number of alcoholics having 
abnormal scans. 

Morphological changes may not corre- 
late with functional changes. For in- 
stance, we found many deficits in neu- 
ropsychological functioning among our 
alcoholics who had been abstinent for an 
average of 1 year, even when the CT 
scan was normal. Extensive neuronal 
loss within a circumscribed area must be 
sustained by the brain in order to detect 
structural changes by CT scans. Exten- 
sive neurophysiological and biochemical 
alterations can occur among individuals 
with scans that appear normal, while ab- 
normal scans occasionally are seen 
among asymptomatic individuals. The 
combined use of both neuropsychologi- 
cal assessments and CT scans would ap- 
pear to provide the best estimate of brain 
pathology. 

While Carlen et al. noted smaller sulci 
in repeated scans in some of their absti- 
nent alcoholics, we believe the most 
likely explanation is measurement error. 
The authors have stated that the average 
sulcus measured 1 mm with a measure- 
ment error of + 0.25 mm. We have 
noted, however, that measurement from 
the Polaroid print, as done by Carlen and 
colleagues, introduces around a 3.6-fold 
increase in the error of measurement be- 
cause of minification of the print (5). This 
means the average error would be 1 mm, 
or as large as the average sulcus. 

We (2, 5) have used the computer 
printout from the scanner for each slice 
to determine the total area of the ventri- 
cles, sulci, and inner table of the brain. 
The perimeters can be traced with a 
transparency and accurately measured 
with a hand planimeter. From these mea- 
surements the ventricle/brain index can 
be calculated. The advantage of this 
method is that a volumetric assessment 
of the ventricles can be made that is rela- 
tively independent of the particular cut 
taken, and the varying size of the brain 
table can be taken into account. Also, 
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