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CONTINGENT REINFORCEMENT FOR CARBON MONOXIDE REDUCTION:
WITHIN-SUBJECT EFFECTS OF PAY AMOUNT

MAXINE L. STI=zER AND GEORGE E. BIGELOW

DEPARTMENT OF PSYCHIATRY, BALTIMORE CITY HOSPITALS AND
DEPARTMENT OF PSYCHIATRY AND BEHAVIORAL SCIENCES,
THE JOHNS HOPKINS UNIVERSITY SCHOOL OF MEDICINE

The relationship between reinforcer amount and daytime smoking reduction in smokers offered
money for reduced afternoon breath carbon monoxide (CO) levels was examined. Twenty-three
hired regular smokers with average baseline CO levels of about 30 ppm were exposed in random
order to five sliding scale payment schedules that changed daily or weekly. Money was available
for afternoon CO readings between 0 and 21 ppm with pay amount inversely related to the absolute
CO reading obtained. Maximum pay amount for readings below 7 ppm varied among $0, $1.50,
$3, $6, and $12 per day. Contingent reinforcement promoted CO and daytime cigarette reduction
within individuals with the amount of behavior change related to the amount of payment available.
Average CO levels decreased from 30 to 15 ppm as a function of pay amount whereas self-reported
daytime cigarettes decreased from 12 to 5 per day. Average minutes of cigarette abstinence prior
to the afternoon study contact increased from 62 to 319 minutes as a function of pay amount,
whereas the percentage of available money earned increased from 22% to 48%. Nontargeted evening
cigarette use also decreased during periods of daytime smoking reduction. The orderly effects of
this contingent reinforcement intervention on daytime smoking of regular smoker volunteers suggest
that this is a sensitive model for continued evaluation of factors that influence smoking reduction
and cessation.
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Two recent studies by Stitzer and Bigelow (1982,
1983) showed that breath carbon monoxide (CO)
readings can be used simultaneously as a target for
reinforcement interventions that promote smoking
reduction and as a reliable objective measure of
recent smoking behavior. Breath CO provides a
valid index of recent tobacco smoke exposure that
directly reflects plasma carboxyhemoglobin levels
(Cohen, Perkens, Ury, & Goldsmith, 1971; Jones,
Ellicott, Cadigan, & Gaensler, 1958; Ringold,
Goldsmith, Helwig, Finn, & Schuette, 1962; Sjb-
strand, 1948) and correlates highly with plasma
nicotine levels (Ashton, Stepney, & Thompson,
1981; Russell, Wilson, Patel, Feyerabend, & Cole,
1975). Breath CO levels are correlated with self-
reported number of cigarettes smoked per day
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(Horan, Hackett, & Lindberg, 1978; Jaffe, Kanz-
ler, Friedman, Stunkard, & Verebely, 1981; Rick-
ert & Robinson, 1981; Ringold et al., 1962; Vogt,
Selvin, Widdowson, & Hulley, 1977) and reflect
within-subject changes in smoke exposure (Hen-
ningfield, Stitzer, & Griffiths, 1980; Stitzer & Big-
elow, 1982). Nonsmokers generally have breath
CO levels below 8 ppm, whereas smokers typically
have levels between 15 and 40 ppm, though these
may range higher depending on the amount of
recent smoke exposure.

In the first study that used breath CO as a
measure of recent smoking and a target for con-
tingent reinforcement intervention (Stitzer & Big-
elow, 1982), hired regular smokers were offered
$5 per day to reduce their afternoon CO levels by
50% or more from their own baselines. The study
showed that smokers could successfully reduce
afternoon CO levels to earn payments and that
they did so by reducing the number of daytime
cigarettes smoked and abstaining for several hours
prior to the afternoon CO measurement. A second
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study (Stitzer & Bigelow, 1983) showed that
greater monetary reinforcement ($0-10 per day for
different groups of smokers) was associated with
greater daytime smoking reduction during a 2-week
trial. However, smoking returned to baseline levels
when reinforcement was withdrawn. By demon-
strating that contingent reinforcement procedures
can modify ongoing smoking behavior these stud-
ies suggested that motivational approaches might
be helpful in smoking cessation efforts rather than
the skills training approaches that are more com-
monly used. Further, the functional relationship
between smoking behavior and contingent rein-
forcement pay amount has potential application in
the design of optimal smoking cessation interven-
tions.

The study reported here was a replication and
extension of the relationship between pay amount
and smoking reduction previously observed in
groups of smokers using a design in which each
smoker was exposed to five different payment
schedules. In contrast to previous studies where
smokers were offered a single dollar amount for all
CO readings that were 50% or less of their own
baseline values, pay amounts in this study were
inversely related to CO readings under a sliding
scale, with maximum amounts ($0 to $12 per day
under different schedules) available only for CO
readings in the nonsmoker range, in this case below
7 ppm. It was anticipated that smokers might
make more substantial reductions under a sliding
payment schedule than had previously been ob-
served under fixed amount schedules. First, some
smokers might want to take advantage of maxi-
mum available payments. Secondly, the sliding scale
provided an incentive for partial smoking reduc-
tion in individuals who could not or would not
achieve a single fixed CO reduction criterion.

METHOD

Smokers. Twenty-three female cigarette smokers
volunteered to participate. All were employees of
a metropolitan hospital and were recruited through
bulletin board advertisements and word of mouth.
Average age was 31.6 years with a range from 21

to 61 years. Average prior years of smoking was
15.3 years with a range from 5 to 40 years. Av-
erage reported cigarettes smoked per day was 23.7
with a range from 14 to 42 cigarettes per day.
Volunteers with CO levels below 18 ppm at initial
screening were exduded. Prior to participation,
smokers were told that this was not a program to
help them quit smoking, but that optional changes
in smoking might be encouraged during the study.
As compensation, they received free cigarettes dur-
ing the study (their own brand) and a $50 bonus
upon study completion.

Experimental procedures. Two groups of
smokers participated sequentially. During the first
study week (Monday to Friday), they were told to
smoke in their normal fashion; baseline data were
collected. On Friday of Week 1, all volunteers
were told that they would have the opportunity to
earn money during the remainder of the study for
providing evidence of smoking reduction as re-
vealed in their afternoon breath CO readings. Pay-
ment was based on a sliding scale so that more
money was paid for lower CO readings. Specifi-
cally, as shown in Table 1, carbon monoxide read-
ings of 6 ppm or lower qualified for the maximum
pay amounts, whereas readings between 7 and 21
ppm were grouped into five categories across which
the amount of money available was inversely re-
lated to the CO reading obtained. Each volunteer
was exposed to five different sliding scale payment
schedules. As seen in Table 1, these differed on
the amount of money that could be earned for
given CO readings. Minimum pay for CO readings
of 19-21 ppm ranged from $0.00 to $2.00 under
the five payment schedules and maximum pay for
readings of <6 ppm ranged from $0.00 to $12.00
per day.

For one group of smokers (n = 12), the pay-
ment schedule was changed daily. These volunteers
were exposed to each of the five pay schedules 4
times each in a randomized block design and re-
ceived a notice each time they reported to the study
site indicating the pay schedule in effect on the
following study day. For another group (n = 11),
the payment schedule was changed weekly. These
volunteers were exposed to each pay schedule for
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5 consecutive days (Monday through Friday), with
order of exposure randomized. They received a no-
tice on Friday of each week describing the pay
schedule for the following week. Data have been
combined for these two groups because results were
similar.
Data collection procedures. Volunteers report-

ed Monday through Friday to a convenient loca-
tion in the hospital between 3:00 and 5:00 p.m.
At each study contact, a breath sample was col-
lected following 20 s of breath holding; this was
analyzed immediately for carbon monoxide (CO)
level using a Mini CO carbon monoxide analyzer
(Research Catalyst Corporation Model 1000) cal-
ibrated daily to 50 ppm. At each study contact,
smokers received a supply of their own brand of
cigarettes sufficient to last until the next scheduled
study contact and turned in unused cigarettes from
the previous day. They also turned in cards on
which they had recorded the time of day each
cigarette was smoked during the previous 24 hours.
A cigarette count was used to corroborate self-
report information on number of cigarettes.
Data analysis. Five measures were used in data

analysis: (a) carbon monoxide levels obtained at
the afternoon study contact (ambient CO levels
not subtracted), (b) daytime cigarettes recorded
from the time of arising in the morning to the
time of the afternoon study contact, (c) evening
cigarettes recorded from time of the afternoon study
contact until time of arising the next morning, (d)
time since the last cigarette, which was time elapsed
between collection of the afternoon breath sample
and the most recently recorded cigarette, and (e)
amount ofmoney earned under each payment con-
dition as a percentage of the maximum available
amount.
An average score was obtained for each smoker

on each measure during exposure to each payment
schedule; these average scores were entered into a
repeated measures analysis of variance to evaluate
statistical significance of the effects of pay amount
on smoking measures. The effect of pay amount
was further evaluated by comparing across pay-
ment schedules the percentage of smokers whose
average CO values met arbitrary cutoff criteria of

Table 1
Sliding Scale Payment Schedules

Carbon
monoxide Maximum pay amount (dollars)

levels
(ppm) 0 1.5 3 6 12

21-19 0.00 0.25 0.50 1.00 2.00
18-16 0.00 0.50 1.00 2.00 4.00
15-13 0.00 0.75 1.50 3.00 6.00
12-10 0.00 1.00 2.00 4.00 8.00
9-7 0.00 1.25 2.50 5.00 10.00
<6 0.00 1.50 3.00 6.00 12.00

'21 ppm, < 15 ppm, or <9 ppm. Because av-
erage baseline CO was about 30 ppm, these cutoffs
represent approximately 30%, 50%, and 70% re-
ductions from baseline. Readings below 9 ppm are
generally considered nonsmoker values (Hughes,
Epstein, Andrasik, Neff, & Thompson 1982; Pe-
titti, Fiedman, & Kahn, 1981; Vogt et al., 1977).

RESULTS

Carbon monoxide levels. The upper left panel
of Figure 1 shows average CO values during base-
line and during exposure to the five sliding scale
payment schedules. Average CO level was 29.6
ppm during the baseline week and 23.6 ppm un-
der the $0 pay schedule. Average carbon monox-
ide readings decreased as pay amount increased,
declining to 15.1 ppm under the richest pay sched-
ule. Analysis of variance revealed a significant ef-
fect of pay amount on CO levels, F (5, 110) =
27.9, p < .001; a post hoc Sheffe test showed that
all pay conditions were significantly different from
baseline and that $12 was significantly different
from the $0, $1.50, and $3 pay conditions.

Daytime cigarettes. As shown in the upper
right panel of Figure 1, the average number of
reported daytime cigarettes also decreased in an
orderly manner as the amount of payment avail-
able for CO reduction increased. Volunteers re-
ported smoking an average of about 12 daytime
cigarettes during baseline, 9.6 under the $0 pay-
ment condition, and 5.3 under the richest payment
schedule. Repeated measures analysis of variance
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Figure 1. Average smoking measures are shown for
preintervention baseline week (BL) and during exposure to

five sliding scale payment schedules for afternoon carbon
monoxide reduction. Measures are afternoon carbon mon-

oxide level (upper left panel), reported number of daytime
cigarettes smoked (upper right panel), reported time elapsed
between the afternoon CO measurement and the most re-

cently recorded cigarette (lower left panel), and reported
number of evening cigarettes (lower right panel). Each of 23
smokers contributed an average score based on four or five
daily exposures to each sliding scale payment schedule.
Brackets are ± 1 SEM.

was significant for the daytime cigarette measure,
F(5, 110) = 20.7, p < .001; a post hoc Sheffe
test showed that all pay conditions except $0 were

significantly different from baseline, $6 was sig-
nificantly different from $0, and $12 was signifi-
cantly different from the $0, $1.50, and $3 pay
conditions.

Time since last cigarette. Under the contin-

gent payment schedules, smokers increased the
amount of time they remained cigarette abstinent
prior to the afternoon study contact. As shown in
the lower left panel of Figure 1, average time since
the last cigarette was 62 min during baseline, 92
min during exposure to the $0 pay schedule, and
319 min during the richest payment schedule. Pay
effects on time since the last cigarettes were sig-
nificant in repeated measures analysis of variance,
F(5, 110) = 14.7, p < .001; a post hoc Sheffle
test showed that both the $6 and $12 conditions
were significantly different from baseline, $6 was
different from $0, and $12 was significantly dif-
ferent from the $0, $1.50, and $3 conditions.

Evening cigarettes. As shown in the lower right
panel of Figure 1, the number of reported evening
cigarettes smoked decreased from about 12 per
day during baseline to about 9 per day during the
richest payment schedule. Repeated measures anal-
ysis of variance revealed a significant effect of pay
amount on the evening cigarette measure,
F(5, 110) = 5.8, p < .001); a post hoc Sheffe
test showed that the $6 and $12 conditions were
significantly different from baseline and that $12
differed significantly from $0.

Money earned. The percentage of available
money earned increased from 22% under the low-
est payment schedule ($1.50 maximum) to 48%
under the richest payment schedule ($12.00 max-
imum). Percentage of available money earned was
analyzed in repeated measures analysis of variance
after arcsine transformation, which is the recom-
mended method for normalizing percentage data
prior to statistical analysis (Cohen & Cohen, 1975).
Effects of pay amount were significant, F(3, 66) =
11.5, p < .001) but only the $12 condition was
significantly different from the $1.50 pay condi-
tion in a post hoc Sheffe test.

Individual analysis. Table 2 shows that the
percentage of smokers with average CO readings
below three specified criteria levels increased as a
function of pay amount. Virtually all the smokers
(96%) had average CO values of 211 ppm or lower
under the richest payment schedule, whereas only
35% had average CO values this low under the
$0 schedule; 9% had average CO values of 21
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ppm or lower during baseline evaluation. About
half (48%) had average CO values of 15 ppm or
lower under the richest payment schedule, whereas
only 4% had average CO readings this low under
the $0 pay schedule. Similarly, one-quarter (26%)
had average CO values of 9 ppm or lower under
the richest payment schedule; none had average
readings this low under the $0 pay schedule.

DISCUSSION

This study showed that contingent reinforce-
ment for reduced afternoon carbon monoxide levels
promoted daytime smoking reduction and that the
magnitude of change in measures of smoking was
related in an orderly way to the amount of pay-
ment offered for CO reduction. Results of this
study, which used a within-subject design, are sim-
ilar to those obtained in a previous between-group
investigation (Stitzer & Bigelow, 1983). These
studies both show that the smoking behavior of
individuals is responsive to changing environmen-
tal contingencies and specifically to the amount of
monetary payment offered for afternoon CO re-
duction. The smoking reductions seen as pay
amount increased are consistent with previous ob-
servations both from animal studies (Griffiths,
Bradford, & Brady, 1979; Neuringer, 1967;
Schwartz, 1969) and from human studies (Fisher,
1979; McLeod & Griffiths, 1983; Paxton, 1981)
that larger valued reinforcers are generally more
efficacious in promoting and maintaining behavior
change than are smaller valued reinforcers. Nearly
identical results were obtained in this study under
two procedural modifications in which pay scales
changed either daily or weekly. This lends addi-
tional generality to the results and suggests that
smokers are equally capable of modulating their
daytime smoking behavior on either a long-term
(weekly) or short-term (daily) basis.

Carbon monoxide levels under the $0 pay scale
were 20% lower than those observed during base-
line. This reduction is consistent with observations
from a previous study (Stitzer & Bigelow, 1983)
and can be attributed to instructional, feedback,
and demand characteristics of the contingent re-

Table 2
Percentage of Smokers with Low Average Carbon

Monoxide Levels

Average Sliding scale payment schedule
carbon Maximum pay amount (dollars)

monoxide
level BL 0 1.5 3 6 12

<21 9 35 48 52 52 96
< 15 0 4 26 26 35 48
<9 0 0 13 13 17 26

inforcement procedure. The magnitude of this in-
struction effect must be interpreted cautiously,
however, because baseline smoking was always de-
termined during the first study week. It is likely,
for example, that differences between baseline and
$0 pay CO levels would be smaller if the baseline
condition had been induded within the random
order experimental sequence. The fact that CO
levels decreased from baseline under the $0 pay
condition without either a significant reduction in
daytime cigarettes or a significant increase in time
since the last cigarette suggests that smokers were
changing their puffing or inhalation patterns or
both to alter smoke exposure during contingent
payment interventions as well as altering the num-
ber and timing of daytime cigarettes used.
We originally anticipated that the sliding pay-

ment scale would promote greater overall reduc-
tion in CO levels and smoking than had been
observed in previous studies. In fact, however, re-
sults obtained under the richest payment schedule
($12 per day) were strikingly similar to results
obtained previously when smokers were offered $10
per day for any CO readings which were 50% or
less of their own baseline levels (Stitzer & Bigelow,
1983). In both cases, average afternoon CO read-
ings decreased to about 50% of preintervention
values while smokers typically smoked about five
cigarettes in the morning and then abstained for
about 5 hours prior to the afternoon study contact.
Perhaps smokers self-selected these maximum levels
and patterns of daytime smoking reduction be-
cause they still felt relatively comfortable but an-
ticipated experiencing withdrawal symptoms if they
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reduced further. Additional studies are needed to
delineate procedures and conditions, that promote
greater magnitudes of smoking reduction and to
examine the symptomatic effects of such reduc-
tions.

Smokers did not compensate for reduced day-
time smoking by increasing the number of ciga-
rettes smoked in the evening. On the contrary,
there was a significant reduction in evening ciga-
rette use during the time that daytime smoking
was decreased. Although it is possible that smokers
took more puffs or inhaled more deeply from the
cigarettes they did use in the evening, the lack of
compensatory increases in nontargeted substance
use, in this case number of evening cigarettes, is
consistent with previous observations from smok-
ing reduction studies (Stitzer & Bigelow, 1982,
1983) and with the lack of symptom substitution
observed in treatment evaluation studies where
contingent reinforcement procedures have been used
to promote specific reductions in drug or alcohol
use (Liebson, Tommasello, & Bigelow, 1978;
Stitzer, Bigelow, Liebson, & Hawthome, 1982).

Repayment of security deposits contingent on
nonsmoking has been used to promote abstinence
among smokers enrolled in cessation treatment
programs (Elliott & Tighe, 1968; Paxton, 1980;
Spring, Sipich, Trimble, & Goeckner, 1978; Wi-
nett, 1973), but there has been little research on
the effects of different repayment schedules or on
isolating the effects of reinforcement from those of
instructions and feedback. Results of our study
suggest that contingent reinforcement interventions
have specific effects on smoking behavior beyond
instructions and feedback and that the potency of
these interventions is related to the magnitude of
reinforcement offered. This latter condusion is con-
sistent with results of a study by Paxton (1981)
who found that more smokers were abstinent at
several time points during an 8-week smoking ces-
sation program when they had been required to
pay a larger compared to a smaller security deposit.
However, results from our study cannot be applied
directly to the clinical situation because the study
used hired chronic smokers rather than smokers
committed to quitting and focused on daytime

smoking reduction rather than abstinence. Addi-
tional studies will be needed to evaluate the rela-
tionship between daytime smoking reduction and
the more cinically significant outcome of smoking
cessation. However, the orderly effects of contin-
gent reinforcement interventions on daytime smok-
ing of regular smoker volunteers suggests that this
is a sensitive model for continued evaluation of
factors that influence smoking reduction and ces-
sation. Further, the efficacy of reinforcement inter-
ventions demonstrated in this and previous studies
suggests that smoking cessation efforts might be
profitably directed toward providing smokers with
the motivation to quit rather than providing them
with the skills that might be required to quit
smoking. The ability of smokers to respond ap-
propriately to such motivational interventions in-
dicates that the requisite skills are already present.

REFERENCES

Ashton, H., Stepney, R., & Thompson, J. W. (1981).
Should intake of carbon monoxide be used as a guide
to intake of other smoke constituents? British Medical
Journal, 282, 10-13.

Cohen,J., & Cohen, P. (1975). Applied Multiple Regres-
sion/Correlation Analysis for the Behavioral Sciences.
Hillsdale, NJ: Earlbaum.

Cohen, S. I., Perkens, N. M, Ury, H. K., & Goldsmith, J.
R. (1971). Carbon monoxide uptake in cigarette
smoking. Archives of Environmental Health, 22, 55-
60.

Elliott, R., & Tighe, T. (1968). Breaking the cigarette
habit: Effects of a technique involving threatened loss of
money. Psychological Record, 18, 505-513.

Fisher, E. B. (1979). Overjustification effects in token
economies. Journal of Applied Behavior Analysis, 12,
407-415.

Griffiths, R. R., Bradford, L. D., & Brady, J. V. (1979).
Progressive ratio and fixed ratio schedules of cocaine-
maintained responding in baboons. Psychopharmacolo-
Vg, 65, 125-136.

Henningfield,J. E., Stitzer, M. L., & Griffiths, R. R. (1980).
Expired air carbon monoxide accumulation and elimi-
nation as a function of number of cigarettes smoked.
Addictive Behaviors, 5, 262-272.

Horan, J. J., Hackett, G., & Lindberg, S. E. (1978). Fac-
tors to consider when using expired air carbon monoxide
smoking assessment. Addictive Behaviors, 3, 25-28.

Hughes, J. R., Epstein, L. H., Andrasik, F., Neff, D. F., &
Thompson, D. S. (1982). Smoking and carbon mon-
oxide levels during pregnancy. Addictive Behaviors, 7,
271-276.



CONTINGENT REINFORCEMENT FOR CO REDUCTION 483

Jaffe, J. H., Kanzler, M., Friedman, L., Stunkard, A. J., &
Verebely, K. (1981). Carbon monoxide and thiocya-
nate levels in low tar/nicotine smokers. Addictive Be-
haviors, 6, 337-343.

Jones, R. H., Ellicott, M. F., Cadigan, J. B., & Gaensler,
E. A. (1958). The relationship between alveolar and
blood carbon monoxide concentrations during breath-
holding: Simple estimation of COHb saturation. Jour-
nal of Laboratory and Clinical Medicine, 51, 533-
564.

Liebson, 1. A., Tommasello, A., & Bigelow, G. E. (1978).
A behavioral treatment of alcoholic methadone patients.
Annals of Internal Medicine, 89, 342-344.

McLeod, D. R., & Griffiths, R. R. (1983). Human pro-
gressive-ratio performance: Maintenance by pentobarbi-
tal. Psychopharmacology, 79, 4-9.

Neuringer, A. (1967). Effects of reinforcement magnitude
on choice and rate of responding. Journal of the Ex-
perimental Analysis of Behavior, 10, 417-424.

Paxton, R. (1980). The effects of a deposit contract as a
component in a behavioral programme for stopping
smoking. Behaviour Research and Therapy, 18, 45-
50.

Paxton, R. (1981). Deposit contracts with smokers: Vary-
ing frequency and amount of repayment. Behaviour Re-
search and Therapy, 19, 117-123.

Petitti, D. B., Friedman, G. D., & Kahn, W. (1981).
Accuracy of information on smoking habits provided on
self-administered research questionnaires. American
Journal of Public Health, 71, 308-311.

Rickert, W. S., & Robinson, J. C. (1981). Estimating the
hazards of less hazardous cigarettes. II. Study of cigarette
yields of nicotine, carbon monoxide and hydrogen cya-
nide in relation to levels of cotinine, carboxyhemoglobin
and thiocyanate in smokers. Journal of Toxicology and
Environmental Health, 7, 391-403.

Ringold, A., Goldsmith, J. R., Helwig, H. I., Finn, R., &
Schuette, F. (1962). Estimating recent carbon mon-

oxide exposures. Archives of Environmental Health, 5,
308-318.

Russell, M. A. H., Wilson, C., Patel, U. A., Feyerabend,
C., & Cole, P. V. (1975). Plasma nicotine levels after
smoking cigarettes with high, medium, and low nicotine
yields. British MedicalJournal, 2, 414-416.

Schwartz, B. (1969). Effects of reinforcement magnitude
on pigeons' preference for different fixed-ratio schedules
of reinforcement. Journal of the Experimental Analysis
of Behavior, 12, 253-259.

Sjostrand, T. A. (1948). Method for the determination of
carboxyhemoglobin concentrations by analysis of alveolar
air. Acta Physiologica Scandinavika, 16, 201-207.

Spring, F. L., Sipich, J. F., Trimble, R. W., & Goeckner,
D. J. (1978). Effects of contingency and noncontin-
gency contracts in the context of a self-control-oriented
smoking modification program. Behavior Therapy, 9,
967-968.

Stitzer, M. L., & Bigelow, G. E. (1982). Contingent re-
inforcement for reduced carbon monoxide levels in cig-
arette smokers. Addictive Behaviors, 7, 403-412.

Stitzer, M. L., & Bigelow, G. E. (1983). Contingent pay-
ment for carbon monoxide reduction: Effects of pay
amount. Behavior Therapy, 14, 647456.

Stitzer, M. L., Bigelow, G. E., Liebson, I. A., & Hawthorne,
J. W. (1982). Contingent reinforcement for benzo-
diazepine-free urines: Evaluation of a drug abuse treat-
ment intervention. Journal of Applied Behavior Anal-
ysis, 15, 493-503.

Vogt, T. M., Selvin, S., Widdowson, G., & Hulley, S. B.
(1977). Expired air carbon monoxide and serum thio-
cyanate as objective measures of cigarette exposure.
American Journal of Public Health, 67, 545-549.

Winett, R. A. (1973). Parameters of deposit contracts in
the modification of smoking. The Psychological Record,
23, 49-60.

Received December 28, 1983
Final acceptance May 22, 1984


