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Abstract
Rationale Characterisation of drug dependence using
principles from behavioural economics has provided a
more detailed understanding of the disorder. Although
questionnaires assessing economic demand for cigarettes
have extended these principles to nicotine addiction,
aspects of the reliability and selectivity of these ques-
tionnaires remain uncertain.
Objective Across two experiments, we attempted to re-
produce significant associations of the cigarette purchase
task with nicotine dependence in a young adult popula-
tion of smokers and contrasted this measure with a
novel chocolate purchase task. We also examined the
association between these measures and performance on
a preference task, measuring preference for cigarettes
and chocolate.
Methods Questionnaire measures were used within a uni-
versity setting.

Results In experiment 1, we observed associations be-
tween nicotine dependence and measures of behavioural
economic demand for cigarettes, particularly Omax. In
experiment 2, we replicated these findings again and
extended them to show that similar correlations between
nicotine dependence and demand for chocolate were not
observed. Moreover, the indices of demand and choices
on a concurrent choice cigarette task were moderately
associated with each other and independently associated
with nicotine dependence.
Conclusions The two experiments clearly supported previ-
ous findings regarding the association between nicotine
dependence and economic demand for cigarettes. We extend
these observations by showing that the generalisation of
economic demand across different commodities is relatively
weak, but that generalisation across different procedures is
strong. Our results therefore support behavioural economic
models of nicotine addiction which emphasise a robust
proximal role for the incentive value of cigarettes.

Keywords Tobacco . Nicotine . Behavioral economics .

Demand

Introduction

Principles of behavioural economics are well established as
a means of measuring the reinforcing properties of drugs of
abuse, both in humans and experimental animals (Murphy et
al. 2012). In particular, demand curve analysis provides a
comprehensive assessment of a drug’s relative value by
quantifying the degree to which consumption is reduced in
the face of increasing cost—its elasticity (Hursh et al. 2005).
Experimental research has profitably used behavioural eco-
nomic demand curve analysis to measure and compare
motivation for different drug classes or doses, as well as to

H. W. Chase
Department of Psychiatry, University of Pittsburgh,
Pittsburgh, USA

J. MacKillop
Department of Psychology, University of Georgia,
Athens, GA 30602, USA

J. MacKillop
Department of Behavioral and Social Sciences, Brown University,
Providence, RI 02911, USA

L. Hogarth
School of Psychology, University of New South Wales,
Sydney, NSW 2052, Australia

H. W. Chase (*)
Western Psychiatric Institute and Clinic,
Loeffler Building, 121 Meyran Avenue,
Pittsburgh, PA 15213, USA
e-mail: chaseh@upmc.edu

Psychopharmacology (2013) 226:371–380
DOI 10.1007/s00213-012-2911-x



provide a framework for quantifying the severity of drug
dependence.

The most widely used method of quantifying drug de-
mand is the progressive ratio schedule, which, when con-
ducted in vivo, requires multiple sessions that are long in
duration, can only assess behaviour using a relatively re-
stricted number of response costs, and provides a limited
number of performance metrics per session. Recently, how-
ever, there has been progress in developing commodity-
specific measures of drug demand in humans, termed as
purchase tasks (Jacobs and Bickel 1999; Murphy and
MacKillop 2006). These measures assess estimated con-
sumption of the drug at an array of prices and permit
assessment of individual variation in demand in consider-
ably larger samples across a wide range of prices. There are
areas of difference between purchase tasks and progressive
ratio tasks: most importantly that the costs and commodities
are hypothetical in the former case rather than experienced;
in addition, the contingency between responses and out-
comes varies markedly between the two preparations.
Nevertheless, the grounding of both preparations in behav-
ioural economic theory has meant that similar models (e.g.
Hursh and Silberberg 2008) can provide effective quantita-
tive descriptions of each.

A rapidly growing literature provides support for the use
of a cigarette purchase task (CPT) for characterising the
reinforcing value of tobacco and nicotine dependence.
Indices of tobacco demand have been shown to be tempo-
rally reliable (Few et al. 2012) and significantly associated
with quantitative levels of smoking, severity of nicotine
dependence, treatment motivation and in vivo smoking be-
haviour (MacKillop et al. 2008; MacKillop and Tidey 2011;
Murphy et al. 2011). Compatible findings are observed
using an alcohol purchase task (MacKillop 2006; Murphy
et al. 2012). Estimated consumption for hypothetical alcohol
was shown to correspond with choices that determined
actual alcohol consumption, further validating the approach
(Amlung et al. 2012).

Similar findings have also been emerging from studies
employing very different methodologies. In a recent study,
Hogarth and Chase (2011) observed that operant perfor-
mance for cigarette points on a concurrent choice task was
significantly positively associated with greater levels of
nicotine dependence and that such preference could be
modified by altering satiety or via exposure to health warn-
ings. Thus, whether drug value is characterised by drug
demand or operant output, these experimental assays puta-
tively capture important variability in individual differences
in the incentive value of tobacco.

Although these initial studies have been promising, a num-
ber of limitations accompany the progress to date. First, from a
geographic standpoint, all research using the CPT has been
conducted in the USA to our knowledge, although it would be

predicted to be valid in any country in which cigarettes are
sold akin to the USA. Second, the purchase task methodology
is commodity specific (e.g. consumption of cigarettes, con-
sumption of alcohol, etc.) but may also capture domain-
general reward sensitivity (overall preferences about the value
of consumable goods). In other words, responses on a CPT
may index both general value-based preferences and cigarette-
specific preferences, and it remains unclear as to what extent
the previously observed associations reflect either of these
possibilities. Sensitivity to natural rewards in experimental
animals is linked to nicotine dependence vulnerability
(Diergaarde et al. 2009) indicating that a similar relationship
may be observed in human participants. Finally, although the
construct of reinforcing efficacy is sometimes treated as uni-
dimensional, the lack of agreement among measures suggests
that is not the case (Bickel and Madden 1999; Bickel et al.
2000). Instead, it has been argued that a unitary construct of
reinforcing efficacy should be replaced with indices of de-
mand (Bickel et al. 2000), which reflect conceptually related
but nonetheless independent measures of reinforcer value.
The relationship between different metrics of demand and
nicotine dependence was assessed in the present work.

We attempted to address each of these issues in the
current experiments. In experiment 1, we sought to examine
the relationship between cigarette demand and nicotine de-
pendence in a sample of young adult smokers in the UK,
aiming to demonstrate significant associations between cig-
arette demand and nicotine dependence, consistent with the
US studies.

Method

General methods

Participants were recruited from the University of
Nottingham and surrounding community. Participation in-
volved individual assessment under quiet neutral conditions.
Within each study, participants were remunerated for their
time, typically at UK £5/h. Both studies received ethical
approval from the University of Nottingham ethics commit-
tee, and participants provided signed consent before each
study.

Participants

In study 1, a total of 287 participants enrolled. However,
participants were only included in the present analysis if they
were aged between 18 and 25 because of the relative small
number of participants older than 25 and the very wide distri-
bution of their age (n026), making that portion of the sample
nonrepresentative. An additional 20 participants were exclud-
ed on the basis of their pattern of responses (see below). Thus,
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the final sample comprised 241 participants. Of these partic-
ipants, 118 (49.0 %) were male and 123 (51.0 %) were female,
while 114 (47.3) smoked 7 days per week and the remaining
participants (52.7 %) smoked less than 7 days. One (11.2 % of
the entire sample) or two (13.3 % of the entire sample) days
smoking per week was most common in the latter group.
Further details of the demographic characteristics of the par-
ticipants can be found in Table 1.

Measures

The cigarette purchase task is an estimation task adminis-
tered via pencil and paper. The following instructions are
given: “Imagine a TYPICAL DAY during which you
smoke. The following questions ask how many cigarettes
you would consume if they cost various amounts of money.
The available cigarettes are your typical brand. Assume that
you have the same income/savings that you have now and
NO ACCESS to any cigarettes or nicotine products other
than those offered at these prices. In addition, assume that
you would consume cigarettes that you request on that day;
that is, you cannot save or stockpile cigarettes for a later
date. One more thing: please pay close attention to the prices
and costs per pack for each item because they change by
different amounts”. The number of cigarettes that would be
purchased was recorded at the following price intervals (per
cigarette): 2p, 4p, 6p, 8p, 10p, 12p, 14p, 16p, 18p, 20p, 22p,
24p, 26p, 28p, 30p, 32p, 34p, 36p, 38p, 40p, 42p, 44p, 46p,
48p, 50p, 52p, 56p, 58p, 60p, 70p, 80p, 90p, £1, £1.50, £2,
£2.50, £3, £4 and £5. Alongside these prices per cigarette,
the relevant price per pack of 20 cigarettes was shown,
ranging from 40 UK pence to UK £100 per pack.

The cigarette dependence scale (Cigarette Dependence
Scale 5 (CDS-5)) (Etter et al. 2003) consists of five questions
in which participants rated their level of tobacco addiction,
cigarettes smoked per day, time to first cigarette in the

morning, expected difficulty quitting and expected craving
following a few hours of abstinence. The scales were scored
on five-point scaleswith total scores varying between 5 and 25.

Data analysis

Of note, we excluded individuals where the demand curve
could not be modelled, as they reported very low levels of
demand (i.e. zero demand at the lowest prices) and had fewer
data points than parameters to fit (four participants).With the
exception of elasticity, we applied an “observed values” ap-
proach based on evidence of greater temporal reliability.
Intensity was defined as (hypothetical) consumption at zero
cost (y-axis intercept). Breakpoint was defined as the price that
first achieves complete suppression of consumption.Omax (i.e.
output maximum) was defined as the value of peak expendi-
ture and was determined directly from the participant’s
responses rather than via the demand curve. Pmax was defined
as the price at which maximum output (Omax) was achieved.
Elasticity was defined in terms of α and was derived through
the following nonlinear equation:

log10Q ¼ log10Q0 þ k e�aQ0C � 1
� �

where Q 0 consumption at a given price, Q0 0 consumption
intercept, k 0 a constant across individuals denoting the range
of consumption values in log10 units (in this case, 3), C 0 cost
(price) and α 0 the derived demand parameter reflecting the
rate of decline of consumption in standardized price. This
approach assesses relative decreases without undue influence
of the commodity-specific units. Themodel provided a good fit
for the data: participants had a mean R2 (reflecting model fit) of
0.75 (S.D.00.18, interquartile range (IQR)00.66–0.87).

The demand curve indices were determined to be non-
normally distributed and all variables were log-transformed.
Then, outlier exclusion was used to compute Z scores and
exclude individuals with an absolute Z score of greater than
3.29 on any of these variables (16 participants). Examination of
the data distributions suggested that, despite log transformation
and exclusions, the demand variables were leptokurtic; there-
fore, Spearman’s rho was used as the measure of association.
However, as we wanted to examine the variables simultaneous-
ly, we employed robust regression (robustfit) implemented in
MATLAB (The MathWorks, Inc., Natick, MA). A Huber
distribution was used to downweight outliers, with the param-
eter set to 1.2. This combination was selected as it was most
comparable to non-parametric analysis. The r statistic, reflect-
ing the strength of association between variables, was comput-
ed from the robustfit t statistic output using the following

method: r ¼ t df þ t2ð Þ0:5
h i.

, where df is the degrees of

freedom of the regression model. For multiple regression anal-
yses, only t statistics are presented. The primary analyses
focused on zero-order and regression-based associations

Table 1 Measures of tobacco use, nicotine dependence and the CPT
metrics in the 241 participants evaluated in experiment 1

Variable Mean S.D.

Age 20.92 1.54

Days per week 4.67 2.46

CDS-5 11.03 4.44

C/D 6.49 4.57

Omax (pence) 279.93 292.48

Pmax (pence) 71.21 117.90

Breakpoint (pence) 104.64 136.23

Intensity (cigarettes) 12.11 9.96

Elasticity (α) 0.00090 0.00083

R2 0.75 0.18

C/D cigarettes per day
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between the CPT indices and nicotine dependence.
Statistical significance was conventionally defined (p<
0.05).

Results

Statistics describing the key dependent variables obtained from
the CPT are displayed in Table 1 (see also Fig. 1). These are
broadly comparable with data from previous studies.
Correlations between the dependent measures are displayed
in Table 2. Consistent with previous studies, highly variable
associations were observed between the metrics, ranging from
no association (e.g. intensity and Pmax) to effectively colinear-
ity (e.g. α and Omax, and Omax and Pmax). Statistically signif-
icant associations of medium to large magnitude were present
between all CPT metrics and nicotine dependence (Table 2).
Of the CPT metrics, the largest magnitude index was Omax.
Multiple (robust) regression analysis was performed with three
CPT variables (Omax, intensity, breakpoint). Pmax and α were
excluded due to colinearity. Omax significantly predicted vari-
ation in CDS5 (t05.82, p<0.001). There were also weaker
associations between CDS-5 and both intensity (t02.48, p0
0.014) and breakpoint (t0−2.01, p00.046).

Interim discussion

Our findings in experiment 1 were highly compatible with prior
reports (MacKillop et al. 2008;Murphy et al. 2011), suggesting
reliable cross-cultural validity, at least in the context of a similar
industrialised first-world country with a shared first language.
The similarity between our results and previous findings exists

on several levels. First, the population means were similar to
previous reports, as were the magnitude of the correlation
coefficients between measures of nicotine dependence and all
five of the metrics derived from the CPT. Notably, Omax was
the most effective predictor of variation in dependence, while
the intercorrelations of the different CPT metrics were similar
to a previous factor analysis (MacKillop et al. 2009). The
degree of model fit was good, validating both our choice of
model and the prices used. A final strength of these initial
findings was that the observed relationships were present in a
substantially larger sample size than previously studied.

Our focus then turned to addressing further empirical ques-
tions previously introduced. We developed a second purchase
task to evaluate chocolate demand (ChocPT), an alternative
consumable reinforcer, in order to evaluate both non-tobacco
and tobacco-specific attributions of value (i.e. discriminant
validity). First, we examined the association between nicotine
dependence and chocolate demand and the correlation between
metrics obtained by both the cigarette and chocolate demand
tasks. In addition, we also examined the degree to which there
was an interrelationship between estimates of value obtained
using the demand taskmeasures and tobacco preference using a
concurrent choice procedure (Hogarth and Chase 2011, 2012).
This procedure required the participant to select between two
buttons, one of which lead to cigarette points and the other to
chocolate points, each on a 50 % schedule. The validity of this
measure as an index of the reward value of tobacco is supported
by its sensitivity to smoking satiety, health warnings against
smoking (Hogarth and Chase 2011) and nicotine replacement
therapy (Hogarth 2012). This procedure was included to pro-
vide further evidence of the validity of the demand measure, in
its ability to predict variation in choice preference on a very
different task.

Method

Sample

We recruited a second sample (n0157) from a similar popu-
lation to that reported in experiment 1. Following exclusions

Table 2 Associations among demand indices and with the Cigarette
Dependence Scale 5 (CDS-5) in experiment 1 (*p<0.001; non-
significant, p values all>0.1)

1 2 3 4 5

1. Intensity 1.00

2. Omax 0.69* 1.00

3. Elasticity −0.59* −0.90* 1.00

4. Breakpoint 0.06 0.54* −0.41* 1.00

5. Pmax −0.06 0.54* −0.43* 0.93* 1.00

6. CDS-5 0.58* 0.62* −0.49* 0.26* 0.24*

Fig. 1 Behavioural economic cigarette demand from £0 to £5 per
cigarette for all the participants in experiment 1. Data points reflect
the mean of the entire sample (241 participants); error bars represent
standard error of the mean (SEM)
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(see below), 100 cases were analysed in this experiment. The
same restriction of age (18–25 years) and the requirement of
complete, valid data sets led to the exclusion of 57 participants
(seven due to age and 50 due to incomplete data or outliers).
Of these participants, 53 (53%)weremale and 47 (47%)were
female, while 50 (50 %) smoked every day (7 days per week)
and the remaining participants (50 %) did not. One (10 % of
the entire sample), two (13 % of the entire sample) or three
(10 %) days smoking per week was the most common in the
latter group. Further demographic variables are presented in
Table 4.

Questionnaire variables

The questionnaire variables obtained were identical to
those reported in experiment 1, with the addition of a
questionnaire assessing chocolate demand. This was
structured identically to that employed to measure ciga-
rette demand, including the same range of prices as
before. The questionnaire instructions were altered as
follows: “Imagine a TYPICAL DAY during which you
eat chocolate. The following questions ask how much
chocolate you would eat if it cost various amounts of
money. The available chocolate is Cadbury Dairy Milk
or similar, available in bags of 20 bars. Assume that
you have the same income/savings that you have now
and NO ACCESS to any chocolate other than that
offered at these prices. In addition, assume that you
would consume the chocolate that you request on that
day; that is, you cannot save or stockpile chocolate for
a later date. One more thing: please pay close attention
to the prices and costs per bar for each item because
they change by different amounts”.

Concurrent choice task

A computerised concurrent choice task was administered,
assessing the preference for cigarette and chocolate tokens.
At the start of concurrent choice training, participants were
presented with the following on-screen instructions: “This is
a game in which you imagine winning up to 15 cigarettes
and 15 chocolate bars. In each round, either ¼ of a cigarette
or ¼ of a chocolate bar will be available, but you will not be
told which. Choose either the D or H key in each round to
try and win the reward. You will only win if you select the
correct key. Good luck. Press the space bar to begin”.
Participants were informed verbally at this stage that they
would not keep the rewards they earned during the task.
Each trial began with the centrally presented text, “Select a
key”, which remained until the D or H key was pressed. A
response on one key replaced this text with the outcome,
“You win ¼ of a cigarette”, whereas a response on the other
key produced the outcome, “You win ¼ of chocolate bar”.

The key-outcome assignment was counterbalanced be-
tween participants. Only one outcome was scheduled to
be available in each trial, such that each key had only a
50 % chance of yielding its respective outcome. On
non-rewarded trials (in which the incorrect key was
selected), the text “You win nothing” was presented.
These three potential outcomes’ texts were presented
for 2,000 ms, followed by a random inter-trial interval
between 1,000 and 2,500 ms prior to the next trial.
Earned outcomes were summed across trials, and at
the end of each 12-trial block, a “totalizer” screen
reported the quantity of each reward type earned.
Where whole cigarettes or chocolate bars (Cadbury
Dairy Milk Treatsize chocolate bars (15 g, 80 calories
each)) had been earned, participants were instructed to
move that many units from the loaded containers into
“their” boxes present on the desk, such that the rewards
were actually contacted. Any remainder of each reward
type was added to the sum of the next block. The
percent choice of the tobacco versus the chocolate key
was recorded as the dependent measure.

Data analysis

A similar approach to data analysis was taken as exper-
iment 1. We performed a log transformation on the CPT
and ChocPT variables and conducted outlier detection
and exclusion in a similar manner. For the CPT, 12
cases were excluded due to very low levels of demand
(i.e. fewer data points than parameters to be estimated)
and 15 cases were classified as outliers (Z>3.29). For
the ChocPT, the numbers were 20 and 7. Ten cases
were missing concurrent choice data. In total, as some
of these cases overlapped, 100 participants had complete
CPT, ChocPT and concurrent choice preference data.
For simplicity, analyses were restricted to this sample
of 100 but similar results were obtained using all avail-
able data for the CPT and ChocPT.

As with experiment 1, we performed robust regres-
sion to test the significance of associations between
variables. Similar variables were examined, including
relationship between the five CPT metrics and nicotine
dependence. In addition, we examined the effect of
nicotine dependence on ChocPT metrics and also on
the difference between CPT and ChocPT variables
(CPT−ChocPT), and the relationship between these
measures and preference assessed by the concurrent
choice procedure. We also performed non-parametric
analysis of the difference between absolute scores of
the CPT and ChocPT metrics. Model fits for the CPT
(R200.79, S.D.00.15, IQR00.73–0.89) and ChocPT
(R200.79, S.D.00.16, IQR00.69–0.91) were comparable
with previous studies (including experiment 1).
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Results

Cigarette and chocolate demand in relation to nicotine
dependence

Mean values and standard deviations of the dependent
measures obtained from these are displayed in Table 3
(see also Fig. 2). These are very similar to those ob-
served in experiment 1. Moreover, we observed a sim-
ilar magnitude of associations between these measures
and dependence (CDS-5, Table 4) and a similar pattern
of correlations among the CPT indices (Table 4). A
slight difference was that we observed a significant
association between breakpoint and intensity, which
was not observed in the first experiment. Multiple re-
gression using the three CPT variables (Omax, intensity,
breakpoint) as before to predict variation in CDS-5
scores yielded similar results to experiment 1: Omax

was established as a significant predictor of CDS-5
(t05.49, p<0.001), whereas other variables were not
significant (p values>0.5). Dependent measures arising
from this metric are presented in Table 3. Associations
among ChocPT metrics are displayed in Table 4. We
observed a similar pattern of intercorrelations as what
we have observed in the CPT, a negative correlation
between intensity and Pmax notwithstanding. There were
no significant associations between level of nicotine
dependence measured by the CDS-5 and any of the
measures obtained from the ChocPT.

Associations and difference between CPT and ChocPT

We examined the shared variance between the CPT and
ChocPT, by finding the correlation coefficients between
corresponding metrics from the two questionnaires.
Breakpoint (r00.26, t02.56, p00.012) and elasticity
(r00.23, t02.40, p00.018) reached significance, while
no other indices were significantly correlated (all other
p values>0.1).

Using Wilcoxon signed-rank tests, we tested the sig-
nificance of the difference in magnitude between the
corresponding measures (n0100 in all cases). Omax de-
rived from CPT was clearly greater than that derived
from the ChocPT (Z03.74, p<0.001) as was intensity
(Z02.32, p00.020). On the other hand, alpha (Z02.32,
p00.020) was smaller for the CPT than ChocPT, while
breakpoint and Pmax were similar between the two
measures (Z<1 in both cases).

Table 3 Demographic information and descriptive statistics for par-
ticipants included in experiment 2 (n0100)

Variable Mean S.D.

Age 20.72 1.31

Days per week 4.98 2.31

CDS-5 11.73 4.26

C/D 6.33 4.44

CPT

Omax 262.15 336.67

Pmax 35.58 45.80

BP 69.96 84.43

Intensity 12.77 7.84

Elasticity (α) 0.0011 0.0010

ChocPT

Omax 153.49 197.068

Pmax 53.38 98.49

BP 77.64 107.33

Intensity 11.21 13.86

Elasticity (α) 0.0015 0.0013

C/D cigarettes per day

Fig. 2 Behavioural economic demand for cigarettes (a) and chocolate
(b) across different prices for all participants in experiment 2. Data
points represent the sample mean (100 participants); error bars repre-
sent SEM
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Finally, we examined whether computing a difference
score for a given metric (CPT−ChocPT) would lead to
larger correlation coefficients with dependence. The
resulting correlation matrix was comparable to that
obtained with the CPT task alone (Table 4).

Association of CPT/ChoPT metrics with concurrent choice
data

We next evaluated the relationship between concurrent
choice and CPT data, ChocPT data and difference scores
(CPT−ChocPT, Table 5). As expected, there was a pos-
itive correlation between increases in cigarette demand,
as measured by the CPT and preference for cigarettes
over chocolate on the concurrent choice task. Correcting
CPT measures with the corresponding ChocPT measure
yielded similar associations with concurrent choice
preference.

For all ChocPT-dependent measures other than elasticity
(t<1), we observed a significant effect of a given ChocPT
metric if it was included with the corresponding CPT mea-
sure using multiple (robust) regression to predict variation in
concurrent choice (t<−2.04, p<0.044 in all four remaining
cases). When this was done, all CPT metrics remained
significant predictors of concurrent choice (t>3.39, p<
0.002 in all five cases).

We also performed multiple regression analyses to deter-
mine the extent to which the CPT variables and concurrent
choice preference explained overlapping variability in our
measure of nicotine dependence (see Table 6). Any of the
five CPT variables, combined with concurrent choice, con-
tinued to predict a significant amount of variance in nicotine
dependence (CDS-5), as did concurrent choice itself. The
combination of Omax and concurrent choice predicted a very
large proportion of variance in dependence.

Summary

In experiment 2, we observed similar CPT data to that
obtained in experiment 1, replicating the associations
between CPT and nicotine dependence. Most importantly,
these associations did not generalise to a measure of
chocolate demand (ChocPT). There were modest associ-
ations between CPT metrics and their corresponding
ChocPT metrics. Removing this shared variance, by cal-
culating CPT/ChocPT difference scores, did not improve
associations with dependence. In addition, we observed
significant associations between these difference scores
and a measure of preference in an instrumental concur-
rent choice paradigm, demonstrating that two different
measures of nicotine value provide compatible and com-
plementary information.

General discussion

Across two experiments, we present further evidence that
diverse indices of the incentive value of tobacco are signif-
icantly and substantially associated with nicotine depen-
dence. These findings were present in a considerably
larger sample than previous reports and in a non-US sample
for the first time, supporting the cross-cultural validity of the
measure (at least in industrialised countries). Moreover, the
patterns of correlations, both between CPT metrics and
dependence, and the intercorrelations among CPT variables
were similar to previous studies (MacKillop et al. 2008;
Murphy et al. 2011), even in different drug classes
(MacKillop et al. 2010; Murphy et al. 2009). Moreover,
the present experiments also extend considerably beyond
these previous investigations, providing further evidence
of the convergent, discriminant and incremental validity of

Table 4 Associations among
demand indices and with the
Cigarette Dependence
Scale 5 (CDS-5) in experiment
2 (*p<0.001; **p<0.01;
***p<0.05; non-significant, p
values all>0.1)

The far right column reflects the
correlation between the CDS-5
in relation to the CPT indices
minus the ChocPT indices

Intensity Omax Elasticity Breakpoint Pmax CDS-5,
CPT

CDS-5,
CPT-ChocPT

CPT

Intensity 1 0.58* 0.39*

Omax 0.82* 1 0.75* 0.58*

Elasticity −0.73* −0.90* 1 −0.67* −0.37*

Breakpoint 0.31* 0.60* −0.41* 1 0.52* 0.42*

Pmax 0.091 0.45* −0.44* 0.82* 1 0.37* 0.33*

ChocPT

Intensity 1 −0.05

Omax 0.59* 1 0.03

Elasticity −0.44* −0.90* 1 −0.12

Breakpoint −0.050 0.62* −0.31* 1 −0.16

Pmax −0.28** 0.37* −0.20*** 0.90* 1 −0.13
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these indices. In experiment 2, we employed a similar
purchase task measuring demand for chocolate rather
than cigarettes. We were able to use this measure to test
the degree as to which dependence was associated with a
general reward hypersensivity—a non-specific increase in
demand across different types of reinforcer—which may
represent a risk factor for addiction. Across two studies,
Diergaarde and colleagues observed that rats predisposed
to high nicotine reinforcement also exhibited enhanced
responding for sucrose (Diergaarde et al. 2009), com-
pared to rats showing a weaker predisposition. In the
context of the present study, a general hypervaluation of
reward in more severely dependent smokers might cause
them to inflate ratings across a variety of measures, and
while this might reveal a vulnerability to addiction, it
would undermine the use of CPT as a specific metric for
tobacco valuation. Alternatively, other artefactual or oth-
erwise non-specific factors, such as the perceived value
of money or the amount of time taken to consume the
commodity, might obscure estimates of value and gener-
alise across measures. On the other hand, dependence
might also plausibly be associated with a reduction in
the value of non-drug reinforcers: we have acknowledged
this hypothesis as a possible interpretation of previous
findings (Hogarth and Chase 2012), and there is already
an empirical support for this view from other sources of
evidence (e.g. Buhler et al. 2010).

While we observed a small amount of shared variance
between tasks on the same metrics, suggesting that
commodity-independent factors might influence such demand
curve measures, there was no clear evidence for an increase or
reduction in chocolate motivation in nicotine dependence.
Subtracting ChocPT metrics from corresponding CPT metrics
did not enhance the level of association with CDS-5 scores,
over and above the CPT metrics alone. Together, these find-
ings suggest that nicotine dependence is associated with a
relatively selective enhancement for demand for cigarettes.
Moreover, evidence for the presence of a meaningful reward
sensitivity trait or a measurement artefact of some form which
generalises across different commodities was modest at best.
Intensity of demand for chocolate was significantly lower than
that of cigarettes. In addition, demand was relatively elastic
across the entire range of values and a greater alpha parameter
was observed, signifying greater elasticity and perhaps re-
duced essential value (Hursh and Silberberg 2008). On the
other hand, cigarette demand appeared to be highly inelastic at
low levels, with a more rapid decline as price increased and
approached the breakpoint. Despite the different shapes of the
demand curves, breakpoint did not significantly differ overall,
between the commodities and across all participants in exper-
iment 2. These findings also provide further support for the
use of purchase tasks in measuring motivation for foods, an
area that has only recently begun to be explored (Epstein et al.
2010). The relationship between measures of chocolate de-
mand and usual consumption of chocolate might be fruitfully
explored in future work, particularly as smoking dependence
may interact with food consumption patterns.

In experiment 2, we also reported associations between
both CPT and ChocPT measures and the degree of preference
for cigarette over chocolate points in a concurrent choice
procedure we have previously investigated (Hogarth and
Chase 2011, 2012). As expected, level of demand measured
by the CPT (all metrics) was associated with increased pref-
erence for cigarettes over chocolate. In addition, for all metrics
aside from elasticity, the concurrent inclusion of equivalent
CPTandChocPTmetrics in a multiple regressionmodel led to
enhanced modelling of the residual variance, with increasing
chocolate demand leading to increased preference for choco-
late as well as increasing cigarette demand increasing cigarette
preference. These findings provide further validation for the
demand task measures, demonstrating that they reflect a con-
struct likely related to the incentive value of the commodity
that can be readily measured using very different procedures.

A prevailing contemporary view is that there are two
distinct components to reinforcement efficacy, as measured
by purchase tasks, based on evidence that interrelationships
among indices of demand exhibit a two-factor latent structure
(Bidwell et al. 2012; MacKillop et al. 2009), and consistent
with theoretical models of progressive ratio task behaviour
(e.g. Bradshaw and Killeen 2012; Hursh and Silberberg

Table 5 Associations between concurrent cigarette choice behaviour
and indices of cigarette incentive value from the CPT, ChocPT and
difference between the two

Intensity Omax Elasticity Breakpoint Pmax

CPT (n0100) 0.46* 0.46* −0.41* 0.42* 0.35*

ChocPT (n0100) −0.15 −0.16 0.018 −0.17 −0.14

CPT−ChocPT
(n0100)

0.43* 0.45* −0.29** 0.37* 0.31**

p values>0.09 are non-significant

*p<0.001; **p<0.01

Table 6 Five multiple regressions including each CPT demand
index with concurrent choice (CC) schedule preferences as inde-
pendent measures, predicting nicotine dependence (dependent
measure: CDS-5)

CPT measure CPT t statistic CC t statistic

Intensity 5.38* 2.94**

Omax 9.60* 2.27***

Elasticity −6.053* 3.35**

BP 4.15* 3.93*

Pmax 3.35** 4.31*

*p<0.001; **p<0.01; ***p<0.05
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2008). One factor, associated with intensity of demand,
reflects volumetric consumption and may be related to the
ability to regulate drug intake (Bickel et al. 2000). The other,
reflected by breakpoint, relates to the sensitivity of increasing
price and hence the persistence of responding in the face of
increasing cost. Certain procedures can have relatively selec-
tive effects on these different variables: treatment with vareni-
cline can increase elasticity of tobacco demand, reducing
breakpoint, without affecting intensity of demand (McClure
et al. 2012). Although the magnitudes of the intercorrelations
between CPT metrics were often consistent with a two-factor
model in the present study, associations between these puta-
tive factors were nevertheless present and dependence was
consistently associated with all metrics. Indeed, the most
robust predictor of dependence,Omax, reflects variance in both
factors (MacKillop et al. 2009). Further individual variation in
dependence could be explained by a combination ofOmax and
concurrent choice. Consequently, although the number of
metrics available affords a more detailed account of the prop-
erties of tobacco demand, our data suggest that all of these, to
a greater or lesser extent, are relevant for explaining variation
in dependence. This conclusion extends previous claims re-
garding specific interrelationships between demand variables
and operant drug seeking (Bickel and Madden 1999; Bickel et
al. 2000) and implies that treatment may benefit from an
approach tailored to an individual’s behavioural economic
profile, particularly if certain treatments can have selective
effects on different parameters (McClure et al. 2012). Further
clarification and validation of the multidimensional construct
of reinforcing efficacy will have major implications for the
diversity of fields that invoke operant theory and methods.

We recognise several limitations of the study that bear
consideration. First, the current data are cross-sectional and
thus cannot address the causality dimension of a behavioural
economic account. As such, it is not possible to establish
whether high incentive value of tobacco is an etiological
factor, with a key causal role in the development and main-
tenance of tobacco dependence. There is evidence that
behavioural economic measures of alcohol-related incentive
value are indeed robust predictors of treatment response and
disorder course (MacKillop and Murphy 2007; Tucker et al.
2002, 2006). Moreover, drug value has been shown to be a
prospective marker for subsequent dependence (O'Loughlin
et al. 2003) and drug exposure has been shown to augment
drug value (Christensen et al. 2008). Thus, individual differ-
ences in nicotine dependence may arise from vulnerability
to a feed-forward relationship, wherein an initial nicotine
preferences leads to nicotine exposure which in turn enhan-
ces nicotine preference.

The second limitation of the current study is that the
cigarette and chocolate task data required that a number of
participants had to be excluded for extreme or inconsistent
responding. This is a challenge when using an open

response measure, but identifying strategies for reducing
extreme or low effort performance is a priority for future
studies. Finally, income was not assessed and could not be
incorporated into the analyses. Here, this is potentially an
issue because existing economic resources could systemat-
ically influence value preferences. However, we have not
observed a substantial role for income previously: associa-
tions have typically been non-significant or of small magni-
tude (e.g. MacKillop et al. 2008; Murphy and Mackillop
2011).

Summary

Taken together, the goals of the current study were to
establish the validity of CPT-based measures of tobacco
demand in a novel population and then experimentally iso-
late the extent to which the demand indices were associated
with nicotine dependence. Robust replication of previous
findings was established. The relationship between demand
indices and nicotine dependence was determined to be com-
modity specificity via a ChocPT. Finally, the demand indi-
ces were demonstrated to be related to a concurrent choice
measure of value, and both measures were found to be
substantially and not redundantly associated with nicotine
dependence. These findings provide further support for the
relevance of behavioural economic indices of value to nic-
otine dependence and suggest the need for longitudinal
investigations into its putatively causal role.
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