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Abstract

Introduction: A cigarette purchase task (CPT) is a behavioral economic measure of the reinforcing 
value of smoking in monetary terms (ie, cigarette demand). This study investigated whether ciga-
rette demand predicted response to contingent monetary rewards for abstinence among individu-
als with substance use disorders. It also sought to replicate evidence for greater price sensitivity at 
whole-dollar pack price transitions (ie, left-digit effects).
Methods: Participants (N = 338) were individuals in residential substance use disorder treat-
ment who participated in a randomized controlled trial that compared contingent vouchers to 
noncontingent vouchers for smoking abstinence. Baseline demand indices were used to pre-
dict number of abstinent days during the 14-day voucher period (after the reduction lead-in)  
and at 1 and 3 months afterward.
Results: Demand indices correlated with measures of smoking and nicotine dependence. As 
measured by elasticity, intensity and Omax, higher demand significantly predicted fewer abstinent 
exhaled carbon monoxide readings during voucher period for individuals in the noncontingent 
vouchers condition. Breakpoint exhibited a trend-level association with abstinent exhaled carbon 
monoxide readings. Demand indices did not predict abstinence in the contingent vouchers group, 
and did not predict abstinence at 1- and 3-month follow-ups. Left-digit price transitions were asso-
ciated with significantly greater reductions in consumption.
Conclusions: The association of cigarette demand with smoking behavior only in the group for 
whom abstinence was not incentivized indicates that CPT assesses the value of smoking more 
than the value of money per se and that vouchers counteract the effects of the intrinsic reinforcing 
value of cigarettes. Results provide initial short-term evidence of predictive validity for the CPT 
indices.
Implications: This study provides the first evidence of the validity of the CPT for predicting early 
response to brief advice for smoking cessation plus nicotine replacement in smokers with sub-
stance dependence. However, demand for cigarettes did not predict voucher-based treatment 
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response, indicating that incentives serve as a powerful motivator not to smoke that acts in oppo-
sition to the intrinsic reinforcing value of cigarettes and that the indices reflect the value of smok-
ing more than the value of money per se.

Introduction

Individuals with substance use disorders (SUD) continue to smoke 
at higher rates than the general population.1–3 Interventions using 
voucher-based contingencies have improved outcomes in nicotine, 
marijuana, opiate, cocaine, alcohol, and polydrug treatments.4 
Contingent voucher (CV) treatments have been effective for reduc-
ing smoking cessation among individuals in treatment for SUDs.5,6 
Smokers with SUD who were provided with CV for low levels of 
exhaled carbon monoxide (CO) versus noncontingent vouchers 
(NV) had a higher percentage of CO readings indicating abstinence 
and, when combined with motivational interviewing, were more 
likely to be abstinent for a year.6

An important moderator of the effectiveness of a CV program 
is its monetary value.4 Accordingly, it is important to understand 
the factors that may influence sensitivity to voucher reinforcement. 
Response to vouchers for smoking abstinence was predicted by nico-
tine dependence and intolerance for smoking withdrawal discom-
fort,7 but the reinforcing value of smoking has never been studied 
as a predictor. This is important because the value of the voucher is 
putatively a function of both its value and the value of cigarettes as 
reinforcers.

Behavioral economics is the discipline that has most sought 
to understand and categorize individual preferences between sub-
stances and monetary alternatives.8 One method involves studying 
demand for cigarettes using a hypothetical cigarette purchase task 
(CPT) that measures estimated cigarette consumption at escalating 
prices.9 Individuals with greater demand for cigarettes report smok-
ing more cigarettes each day.10–12 and generally are less sensitive to 
changes in cigarette price, so price increases should be less influential 
in changing smoking behavior.13 CV incentive programs increase the 
cost of smoking by introducing a financial opportunity cost in the 
form of the voucher with monetary value, making indices of tobacco 
demand logical predictors of CV response. In adolescents, motiva-
tion to change smoking behavior was not associated with indices 
of demand cross-sectionally,11 but no studies have prospectively 
examined the extent to which demand for cigarettes influences an 
individual’s ability to successfully quit smoking. Demand may be an 
important patient-treatment matching variable if it can predict who 
will be able to abstain from smoking, especially in the context of 
CV-based interventions which rely on individuals making choices 
between cigarettes and money.

The primary goal of this study was to investigate whether 
cigarette demand as assessed by a CPT would predict response to 
CVs for smoking abstinence. Smokers in treatment for SUD were 
randomized to receive either CV based on abstinence for 14 days 
after a 5-day reduction period or NV for 19 days.14 Biochemically-
verified tobacco abstinence was assessed both during the voucher 
period and 1 and 3 months afterward. We predicted that tobacco 
demand would be inversely related to abstinence in both conditions 
(ie, lower demand associated with higher levels of abstinence), but 
that this relationship would be of greater magnitude for those in 
the CV condition. In that case, individuals for whom the reinforcing 
value of smoking is substantially reduced by financial costs would be 
expected to be more sensitive to the higher response cost of giving up 

the financial incentives. A secondary goal was to replicate evidence 
of previously reported “left-digit” effects,13 or disproportionately 
large reductions in consumption as pack prices reach the next whole 
dollar amount.

Methods

Participants
Participants were 338 smokers recruited from two inner-city 
state-funded residential SUD treatment programs. Inclusion cri-
teria included being at least 18  years old, meeting diagnostic15 
criteria for SUD, and smoking at least 10 cigarettes per day for 
the past 6 months. Participants did not need to be motivated to 
quit smoking. Exclusion criteria were current smoking cessation 
treatment, hallucinating or delusional, current suicidality, terminal 
illness, or inability to understand informed consent. No partici-
pants were in substance withdrawal. Both programs were absti-
nence-oriented and used the 12-step model to provide substance 
education. While smoking was allowed outside during breaks and 
smoking cessation was not addressed by the programs directly, 
staff at both facilities were supportive of the smoking interven-
tion research. Average length of stay in residential treatment was 
120 days (SD = 82 days). Programs differed in duration of treat-
ment, t(337) = 8.08, P < .05. One program (64% of sample) had 
average length of stay of 89  days (SD  =  23  days). The second 
program (36% of sample) had average length of stay of 174 days 
(SD = 113 days).

Procedures
All procedures were approved by the university Institutional Review 
Board. Participants provided informed consent then completed pre-
treatment assessment. Participants received four sessions of brief 
advice designed to motivate smoking cessation and 8 weeks of trans-
dermal nicotine replacement therapy, and were randomized within 
each site to either 19  days of CV or NV. Vouchers were redeem-
able for merchandise certificates at local stores. Individuals in the 
CV group could earn vouchers for reductions from baseline CO 
levels using CO measured once each morning during a 5-day lead-in 
period ($2 per for a 25% reduction, $4 for 50% reduction, and $6 
for a 75% or greater reduction). Afterward, for 14 days, participants 
earned vouchers for each of two daily CO readings not more than 6 
ppm. Voucher values ranged from $3 to $16.50/each, increasing on 
an escalating scale for consecutive abstinent readings with a total 
possible earning of $433. When individuals missed a CO reading or 
CO readings were more than 6 ppm, the voucher value was reset to 
the lowest value,16 but would reset to the highest previously achieved 
value after three consecutive CO readings not more than 6 ppm. 
Individuals assigned to NV were paid for providing breath samples, 
regardless of CO level, on the same schedule. The value of the vouch-
ers in the NV condition ($304) was selected to be equivalent to the 
average daily payment received in a CV group in an unpublished 
prior study.

Follow-up assessments of smoking cessation completed 1 and 
3  months after start of treatment were conducted away from the 
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treatment facility whenever possible and were only completed if the 
participant’s breath alcohol content was less than 0.02 g%.

Measures
Demographic Information
This included age, gender, marital status, education, ethnicity, and 
race.

Baseline Smoking and Nicotine Dependence
Fagerström Test of Nicotine Dependence17 is a 6-item measure of 
nicotine dependence scored 0–10. Daily cigarette consumption over 
the 7 days prior to the assessment was also collected with this instru-
ment. CO levels were assessed via a Bedfont Micro Smokerlyzer.

Smoking Abstinence at Follow-Up
Participants provided self-reported 7-day point prevalence absti-
nence status at 1 and 3 months which was verified by CO ≤ 8 ppm.

Cigarette Purchase Task
A CPT9,10 assesses estimated cigarette consumption in a typical day 
at various escalating prices. The version used was adapted from 
MacKillop et al.10 with 41 prices ranging from $0 to $35 and using 
the same instructional set. Prices began at no cost (free) and increased 
by 2 cents (USD) to 50 cents per cigarette, increased by 10 cents to 
$1 per cigarette, increased by $1 to $5 per cigarette and increased by 
$5 to $35 per cigarette. Associated pack prices were presented to the 
right of the individual cigarette prices.

Data Analysis Approach
Four indices of cigarette demand were generated from the CPT 
including: (1) intensity: number of cigarettes consumed at zero price; 
(2) Omax: the maximum amount of money allocated to cigarettes; 
(3) breakpoint: the first price that suppressed cigarette consump-
tion to zero; and (4) elasticity: overall proportionate price sensitiv-
ity (Pmax was not analyzed since it is approximately collinear with 
breakpoint.10,11). Elasticity was derived using the following equation 
log10 10 0

0 1Q Q= +log ( )Q k e C−α − , where Q = consumption at a given 
price (with zeroes set to 0.01), Q0 = consumption at zero/minimal 
price, k = a constant across individuals, in this case 3, that denotes 
the range of consumption values in log powers of 10, α = the derived 
demand parameter reflecting the rate of decline of consumption in 
standardized price, and C  =  the cost (price) of the commodity.18 
Indices of demand were log transformed to improve skewness and 
kurtosis. Intercorrelations among demand indices were examined to 
check for multicollinearity. All other variables were normally distrib-
uted except number of days abstinent during the (14-day) voucher 
period which was log transformed for analyses. Outliers for price 
level data and demand indices were defined as Z >3.29 and were 
Winsorized to one unit above the next highest value.19

Pearson correlations examined the relationship between CPT 
demand indices and baseline smoking-related variables. Regression 
analyses investigated whether demand indices predicted number of 
days abstinent during the voucher period. Since participants rand-
omized to the CV condition (n = 172) are provided monetary incen-
tives for abstinence during the 14-day voucher period, the ability of 
the CPT to predict abstinence was analyzed separately for partici-
pants in the CV condition versus the NV (n = 166) condition. To test 
whether demand indices predicted point prevalence abstinence at 1 
and 3 months follow-up, logistic regression was conducted using all 

participants after entering voucher condition and the interaction of 
demand index of interest by voucher condition to control for effects 
of voucher condition on outcome. Analyses of point prevalence 
abstinence followed intent to treat principles which retain all par-
ticipants randomized to treatment and count any participants with 
missing values, except those known to have died, as smokers accord-
ing to clinical research guidelines with this population.20 The number 
of participants in analyses included n = 338 at 1-month follow-up 
and n  =  335 at 3-month follow-up (due to three deaths). One-
month follow-up interviews were completed for 94% (n = 320) of 
the sample, and 3-month follow-up interviews were completed for 
86% (n = 291) of the sample. Baseline Fagerström Test of Nicotine 
Dependence score was evaluated as a potential covariate if signifi-
cantly associated with outcome.

Within the band of prices that had sufficient price resolution to 
permit examination of left-digit transitions (ie, $0 to $0.50/cigarette), 
left digit effects were examined using one-way two-level analysis of 
variance comparing average changes at non-left-digit transitions (ie, 
price changes that did not include a whole dollar pack price change; 
eg, $4.40 to $4.80 per pack) to left-digit price transitions (ie, price 
changes that included a whole dollar pack price change; eg, $4.80 
to $5.20 per pack).

Results

Participant Characteristics
Participant characteristics, smoking, and demand indices are dis-
played in Table 1. Regarding SUDs, 68% of participants met crite-
ria for alcohol dependence, 56% for cocaine dependence, 47% for 

Table 1. Baseline Participant Characteristics: Mean (SD), Median, 
or Percentage

Full sample CV NV

N 338 172 166
Male 68% 66% 69%
Race
  White/Caucasian 86% 85% 87%
  Black/African American 10% 11% 9%
  Asian/Pacific Islander <1% 0% <1%
  American Indian 2% 4% <1%
  Multi-racial 1% 0% 2%
Married or cohabiting 11% 10% 12%
Annual household income
  $0–$9999 59% 61% 57%
  $10 000–$29 999 26% 23% 29%
  $30 000–$49 999 9% 9% 9%
  ≥$50 000 6% 7% 5%
Age 37.6 (10.0) 37.9 (10.1) 37.4 (10.0)
Years education 12.1 (2.2) 12.2 (2.0) 12.1 (2.2)
Cigarettes/d 19.5 (7.4) 20.0 (8.0) 19.0 (6.7)
FTND 5.9 (1.9) 5.9 (1.8) 6.0 (2.0)
CPT breakpoint $5.26 (9.0) $6.09 (10.0) $4.40 (7.8)
CPT Omax $16.74 (15.6) $17.61 (17.1) $15.83 (14.0)
CPT intensity 30.0 (14.9) 29.7 (14.9) 30.3 (15.1)
CPT elasticity 0.02 (0.03) 0.02 (0.03) 0.02 (0.03)
% Heavy drinking days 39.0 (38.8) 40.9 (38.9) 37.1 (37.6)
% Other drug days 54.2 (39.9) 55.6 (40.7) 52.6 (39.0)

CPT  =  Cigarette Purchase Task; CV  =  contingent vouchers group; 
FTND = Fagerström Test of Nicotine Dependence total score; NV = noncon-
tingent vouchers group.
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opiate dependence, and 28% for marijuana dependence. There were 
no significant differences between individuals in the CV and NV 
groups on any baseline characteristics or number of days of nicotine 
replacement therapy use.

Preliminary Analyses
The demand equation provided an acceptable fit to the data (median 
R2  =  0.86, IQR  =  0.78–0.90, see Figure  1). Correlations between 
the CPT indices and smoking related-variables were in expected 
directions (Table 2). There were no significant relationships between 
any indices of tobacco demand and income (rs = −0.3 to −0.11). 
There were no significant relationships between Fagerström Test 
of Nicotine Dependence and number of days abstinent during 
the voucher period (r  =  −0.05) or point prevalence abstinence at 
1-month (r = −0.02) or 3-month (r = −0.09) follow-up. Therefore, 
income and nicotine dependence were not included as covariates in 
regression models.

Predicting Smoking Abstinence During and After 
Treatment
During the 14-day abstinence period, participants in the CV con-
dition had significantly more smoking abstinent days (M  =  6.99, 
SD = 5.73) than did participants in the NV condition (M = 3.11, 
SD  =  4.65), t(336)  =  6.48, P < .001. Regression analyses investi-
gating whether demand indices predicted number of days abstinent 
during the voucher period for participants in the CV group were not 
statistically significant (βs = −0.05 to 0.01, Ps = .48 to .93). In the 
NV condition, three indices of demand significantly predicted absti-
nence during the voucher period: higher baseline intensity, higher 
Omax, and lower elasticity predicted less abstinence (Table 3).

Confirmed 7-day point prevalence abstinence was 8.6% (n = 29 
of 338)  at 1  month and 4.2% (14 of 335, three people died) at 
3 months. Demand for cigarettes was not significantly predictive of 
abstinence outcomes at either time point (all Ps > .26).

Left-Digit Pack Price Effects
Changes in price-level estimated consumption exhibited consid-
erable heterogeneity in magnitude of changes in estimated con-
sumption, but with notably higher decreases during left-digit 
transitions (Figure 2). A significant difference was present between 
changes across non-left-digit transitions and left-digit transitions 
(F[1,  337]  =  103.57, P < .001, ηp

2  =  0.23), reflecting a threefold 

higher reduction in consumption following a left-digit transition 
(M = −0.33 [standard error of the mean [SEM] = 0.03] vs. M = −1.02 
[SEM = 0.06]). Based on the pattern of observed changes in Figure 2, 
left-digit effects were further subdivided into those that traversed a 
whole dollar price change (eg, $4.80 to $5.20 per pack) and those 
that were exact left-digit changes (eg, $5.60 to $6 per pack), landing 
on a new whole dollar amount, and a further three-level analysis of 
variance was conducted. A  significant omnibus effect was present 
(F[1, 337] = 75.51, P < .001, ηp

2 = 0.25), with follow-up t tests reveal-
ing significant differences between all three groups. Interestingly, the 
exact left-digit transitions exhibited threefold larger reductions com-
pared to the traversing left-digit changes (M = −0.50 [SEM = 0.06] 

Figure 1. Baseline demand curve of estimated cigarette consumption across prices. Zero price is represented by $.01 as zero values cannot be depicted in 
logarithmic terms. Panel A presents the demand curve with an untransformed y-axis to present the absolute values and standard errors. Intensity of demand 
refers to consumption at zero price; elasticity refers to proportionate price sensitivity across escalating prices; breakpoint refers to the price at which consumption 
is suppressed to zero. Panel B presents log–log coordinates for proportionality and the derived exponential function.

Table 2. Baseline Correlations of Cigarette Purchase Task Demand 
Indices and Related Variables

Breakpoint Omax Elasticity FTND Cigs/d

Intensity 0.14* 0.40** −0.34** 0.44** 0.54**
Breakpoint 0.75** −0.91** 0.07 0.02
Omax −0.88** 0.27** 0.23**
Elasticity −0.23* −0.17*
FTND 0.45**

FTND = Fagerström Test of Nicotine Dependence 17 total score.
*P < .01; **P < .001.

Table 3. Number of Abstinent Days During the Voucher Period in 
Each Condition as Predicted by Baseline Demand Indices

Voucher period

β sr2 F(1, 164) P

Noncontingent vouchers condition
  Intensity −0.15 0.02 3.80 .05
  Breakpoint −0.15 0.02 3.67 .06
  Omax −0.15 0.02 3.90 .05
  Elasticity 0.19 0.04 5.99 .02
Contingent vouchers condition
  Intensity −0.04 <0.001 0.21 .65
  Breakpoint −0.007 <0.001 0.009 .93
  Omax −0.03 <0.001 0.17 .68
  Elasticity 0.02 <0.001 0.09 .77

Abstinent days based on two carbon monoxide readings indicative of absti-
nence; sr2 indicates percentage of variance accounted for by the predictor.
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vs. M = −1.54 [SEM = 0.11]). Thus, reductions in consumption were 
generally larger during whole dollar pack price transitions but at a 
much larger magnitude in the presence of exact left-digit transitions.

Discussion

We had predicted that demand for cigarettes would predict absti-
nence over time in general but with a stronger relationship in the 
CV versus NV condition. Cigarette demand significantly predicted 
abstinence over time, but only in the NV condition. Three indices 
were important determinants of failure to abstain: higher baseline 
intensity, higher Omax, and lower elasticity predicted less absti-
nence. Breakpoint, in the predicted direction, missed significance. 
Previous research suggests that Omax and intensity aggregate to form 
an Amplitude factor,21 reflecting how much an individual wants to 
smoke or spend (y-axis of the demand curve). Thus, it appears that 
higher volumetric valuation of cigarettes at baseline is an important 
determinant of likelihood of abstaining from smoking during treat-
ment in the absence of competing reinforcers.

The absence of an association in the CV group is somewhat sur-
prising but has implications for understanding the nature of what 
the CPT is characterizing and for predicting response to voucher-
based interventions. A CPT can be interpreted in two complemen-
tary ways: first as a measure of the reinforcing value of cigarettes 
using money as a proxy for response cost from a behavioral perspec-
tive, and second as a measure of sensitivity to the financial costs of 
cigarettes from an economic and more literal perspective. The pre-
diction that a CPT will predict CV response is predicated more on 
the latter interpretation than the former. The absence of a significant 
relationship does not support the economic perspective, suggesting 
that the CPT is better thought of as capturing the reinforcing value 
of smoking using the currency of money as a proxy (universal rein-
forcer), not in terms of the direct relationship between money per se 
and cigarettes. From this perspective, the voucher condition actually 
eliminated the observed predictive relationship by serving as a pow-
erful external motivator not to smoke that acted in opposition to the 
intrinsic reinforcing value of cigarettes. The conclusion that the CPT 

is relatively unrelated to specific financial contingencies is further 
supported by the absence of associations between demand indices 
and income, even in this very low income population.

Collectively, these findings can be interpreted as providing some 
initial support for the validity of the CPT as a predictor of short-
term smoking cessation for smokers given brief advice and nicotine 
replacement therapy without vouchers, albeit with effect sizes that 
are small (2%–4% of variance). These findings clearly do not support 
the use of a purchase task for predicting response to voucher-based 
interventions. Instead, measures that more narrowly and explicitly 
capture the value of money to the individual may be necessary, such 
as an operant progressive ratio task in which an effortful behavioral 
response garners monetary reinforcement.

The significant associations did not persist into follow-up. 
Narrowly interpreted, this suggests that demand indices had short-
term predictive validity in the control condition but were not 
predictive over longer periods of time. However, a number of consid-
erations pertaining to the follow-up outcomes should be noted. First, 
the prevalence of abstinence was very low at follow-up in general, 
restricting range. Second, all individuals were residing in treatment 
during the voucher period but were not necessarily still doing so 
during follow-up time points. As such, the participants were likely 
to have an array of challenges that are not typical of smokers in gen-
eral attempting smoking cessation. Third, other unmeasured factors 
influence longer term abstinence, including motivation,7 intolerance 
for discomfort of abstinence,7 perceived barriers to smoking cessa-
tion,22 and these variables may have substantially influenced smok-
ing after the initial period. None of these factors fundamentally alters 
the patterns of findings or interpretation, but the highly multifarious 
potential determinants of outcome among individuals with SUDs 
collectively set a “high bar” for successfully predicting response over 
time. Consistent with this, nicotine dependence was also not signifi-
cantly associated with follow-up outcomes in this study.

A secondary goal of the study was to replicate the pattern of left-
digit effects observed previously in a general community sample of 
smokers. The pattern of larger magnitude decreases at left-digit pack 
price transitions reproduces and extends the earlier findings.13 From 

Figure 2. Changes in estimated cigarette consumption at price transitions from $.40 to $10/pack.
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a policy standpoint, this suggests that increases in tobacco taxes that 
extend though whole dollar prices will have disproportionately large 
impact. However, the current findings add an interesting nuance 
also. The magnitude of decreases was significantly smaller when 
pack price transitions were not to exact whole dollar values, but tra-
versed the next whole dollar value. This appears to be an example of 
a “precision effect,” in which the consumer is more oriented to final 
values in the price of a commodity.23 In this case, the participants’ 
attention appears to have been drawn to the decimal values for the 
traversing price changes and, in the presence of zero decimals, drawn 
to the whole number value for the exact left-digit changes. However, 
this conjecture will require direct empirical testing in future studies.

The current findings should be considered within the context 
of study limitations. First, the results may be specific to smokers in 
inner-city treatment programs for SUD. Second, participants were 
not recruited based on motivation to quit smoking and it is possible 
that demand for cigarettes could predict higher rates of long-term 
abstinence at follow-up in individuals with greater motivation to quit 
smoking. Third, all participants received nicotine replacement ther-
apy throughout the voucher period and it is not clear whether this 
could have influenced the predictive relationships. Finally, although 
previous studies have indicated that there is high correspondence 
between performance on hypothetical and actual purchase tasks,24 it 
is possible that results would differ if the actual contingencies were 
in place.

To conclude, this study sought to use behavioral economics to 
understand responsiveness to CV and NV in smokers with SUDs. For 
individuals receiving smoking brief advice with NVs, baseline levels 
of demand for cigarettes predicted abstinence during the voucher 
period. However, contrary to predictions, that relationship was not 
present for individuals who were provided incentives for abstinence. 
The predictive validity in the condition with brief advice and NV 
is similar to previous research on demand for alcohol which found 
that demand indices predicted drinking outcome following an brief 
intervention,25 but this is the first known study to have a similar con-
clusion with regard to demand for cigarettes predicting abstinence 
within treatment. More broadly, these findings support the utility 
of a using a behavioral economic approach to understand nicotine 
dependence and highlight the continuing need to identify variables 
that predict treatment response to voucher-based interventions.
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