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41Smoking Cessation

Jesse Dallery, Lesleigh Stinson, 
and Andrea Villegas

�Smoking Cessation

Cigarette smoking continues to take an enormous 
toll on society. Since the first Surgeon General’s 
report on the health consequences of smoking in 
1964, more than 20 million Americans have died 
prematurely from tobacco-related diseases 
(U.S. Department of Health and Human Services, 
2014). An estimated 34.2 million people still 
smoke combustible cigarettes in the United 
States, and smoking remains the leading cause of 
premature death and preventable disease 
(Creamer et al., 2019). At least 70 chemicals in 
cigarette smoke are known carcinogens including 
arsenic, benzene, formaldehyde, lead, nitrosa-
mines, and polonium 210 (Prochaska & 
Benowitz, 2019). Most adult smokers, 88%, 
smoked their first cigarette before the age of 18 
(U.S. Department of Health and Human Services, 
2012). Quitting cigarette smoking produces 
health benefits regardless of age (U.S. Department 
of Health and Human Services, 2014), and novel 
regulatory and treatment options continue to 
emerge to promote cessation (Bricker et  al., 
2018; Donny et al., 2014).

In this chapter, we review a behavior analytic 
approach to conceptualizing, assessing, and treat-
ing cigarette smoking. A behavior analytic per-

spective views cigarette smoking as operant 
behavior, or behavior that is selected and main-
tained by consequences (Thompson & Johanson, 
1981; Silverman, 2004). Viewing cigarette smok-
ing as operant behavior is tremendously useful in 
assessment and treatment (Henningfield & 
Higgins, 1989). The acquisition and maintenance 
of smoking can include social and non-social pri-
mary reinforcers, conditioned reinforcers, obser-
vational learning, the influence of advertising, 
social media, rules, and negative reinforcement. 
A behavior analytic account also entails contex-
tual factors such as the availability of alternative 
sources of reinforcement and environmental 
stressors. It is also compatible with other biologi-
cal and psychosocial theories to account for ciga-
rette smoking. For example, genetic or acquired 
characteristics (e.g., family history of cigarette 
smoking or substance dependence, other psychi-
atric disorders) can affect the probability of ciga-
rette smoking (Hatsukami et  al., 2008). These 
characteristics may produce individual differ-
ences in sensitivity to reinforcement (to drug and/
or social reinforcers), punishment, and delay to 
reinforcement that may contribute to cigarette 
smoking (Thompson, 2007). The operant view 
also incorporates private events such as craving 
and anxiety, as well as verbally mediated pro-
cesses as part of a comprehensive account of the 
determinants and outcomes of smoking 
(DeGrandpre, 2000; Wilson & Hayes, 2000). 
Finally, a behavior analytic perspective also pro-
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vides a useful framework to account for the 
effects of conventional treatments for smoking 
such as nicotine replacement, behavioral treat-
ments focused on providing incentives contin-
gent on abstinence, and novel regulatory and 
intervention efforts to prevent smoking and pro-
mote long-term cessation (Cassidy & Kurti, 
2018).

�Conceptual Framework: The Four-
Term Operant Unit

Most of the biological and environmental vari-
ables associated with the acquisition, mainte-
nance, and successful treatment of cigarette 
smoking can be captured by the four-term oper-
ant unit (Dallery et al., 2013; Thompson, 2007). 
The four-term operant unit consists of motivating 
operations, discriminative stimuli, the target 
behavior of cigarette smoking, and consequent 
stimuli. Figure 41.1 presents a schematic of these 
units and some of their interactions. We have 
included examples of each term in the operant 
unit, but these nominal examples are not meant to 
apply universally across individuals. Also, the 
static nature of the figure belies the dynamic 
nature of how these units emerge over time, and 

how the influence of different variables may vary 
over time and across individuals.

Upon inhalation, nicotine rapidly enters the 
lungs, undergoes dissolution in pulmonary fluid, 
and is transported to the heart and then to the 
brain (Hatsukami et al., 2008). It takes about 10 s 
for nicotine to enter the brain (Rupprecht et al.,  
2015). Daily smokers may smoke consistently 
throughout the day to maintain nicotine levels in 
a particular range (Benowitz, 1991). Cigarette 
smoke contains over 7000 chemicals, some of 
which may enhance the psychoactive effects of 
nicotine and some of which have independent 
psychoactive properties (Rupprecht et al., 2015). 
Evidence suggests that nicotine can serve as a 
positive reinforcer in non-humans and humans 
(Henningfield & Goldberg, 1983; Perkins et al., 
2001). Laboratory research with non-human ani-
mals, however, suggests that nicotine serves as a 
weak primary reinforcer (Caggiula et al., 2009), 
and self-administration is increased by the pres-
ence of sensory stimuli such as illuminated cue 
lights during nicotine delivery (Palmatier et  al., 
2007). In humans, reinforcing consequences 
associated with smoking may include the physi-
ological effects of nicotine, such as the arousal, 
increased energy, or appetite-suppressing effects 
of tobacco use (Hatsukami et al., 2008). Smoking 
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Fig. 41.1  The four-term functional unit of analysis
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can be acquired and maintained through other 
sources of positive reinforcement, such as social 
interaction (Friedman et  al., 1985). Although 
nicotine may serve as a weak primary reinforcer, 
it may still confer conditioned reinforcing prop-
erties to stimuli associated with smoking such as 
the taste, smell, airway stimulation, and other 
sensory stimuli (Rose, 2006; Russel et al., 1974).

Negative reinforcement can also contribute to 
the origin and maintenance of smoking behavior 
(Eissenberg, 2004). Nicotine withdrawal is char-
acterized by negative affect such as irritability, 
anger, cravings, and depression, and physiologi-
cal symptoms such as constipation, coughing, 
dizziness, and even mouth sores (American 
Medical Association, 1994; Hughes et al., 1990). 
These symptoms peak in the first week of absti-
nence, but several studies have reported their per-
sistence several months into abstinence (Gilbert 
et al., 2002; Piasecki et al., 2002). Although alle-
viation of negative affect is often endorsed by 
smokers, human laboratory research suggests 
that smoking relieves negative affect under lim-
ited conditions (Lerman & Audrain-McGovern, 
2010; Perkins et al., 2010). For example, in the 
human laboratory, Perkins et al. found that smok-
ing only reduced negative affect induced by 
abstinence, but not after other procedures to 
induce negative affect and anxiety (e.g., prepar-
ing for a speech, viewing negative mood slides). 
Interestingly, such effects were independent of 
nicotine: smoking denicotinized cigarettes had 
similar negative affect-reducing effects. 
Following smoking cessation in clinical contexts, 
negative affect has been found to characterize 
over 50% of all smoking lapses (Shiffman et al., 
1996; Robinson et al., 2017). The role of negative 
affect on smoking is complicated, and may 
depend on factors such as nicotine content, stages 
of smoking (e.g., maintenance versus relapse), 
and other factors (see Kassel et  al., 2003, for a 
review). Negative reinforcement associated with 
smoking can also occur when a smoker takes a 
break from work to smoke (Dunbar et al., 2018).

Establishing operations momentarily increase 
the value of a reinforcer and increase the likeli-
hood of the response that produces that reinforcer 
(Laraway et al., 2003). In addition to serving as a 

reinforcer, nicotine may also function as an 
establishing operation. In laboratory animals, 
systemic injections or infusions of nicotine 
increase responding maintained by conditioned 
reinforcers such as an illuminated cue light 
(Charntikov et  al., 2020; Donny et  al., 2003; 
Chaudhri et  al., 2006; Raiff & Dallery 2006; 
Palmatier et  al., 2007; Liu et  al., 2007). These 
findings, along with the findings that nicotine 
serves as a primary reinforcer, led to the dual 
reinforcement model of nicotine self-
administration, which posits that nicotine has 
reinforcing and enhancement (establishing oper-
ation) effects on behavior (Caggiula et al., 2009). 
In humans, administration of nicotine has been 
shown to increase responding (e.g., under a pro-
gressive ratio schedule) maintained by access to 
music and video, and their self-reported pleasant-
ness (Perkins & Karelitz, 2014; Perkins et  al., 
2017). Using electronic daily diaries, Piasecki 
et al. (2011) found that tobacco use increases the 
pleasure and subjective effects (e.g., “buzzed”) of 
alcohol use, and vice versa. In addition, a review 
by Martin and Sayette (2018) found that nicotine 
enhanced social behavior, meaning that it 
increased positive features of social functioning 
and decreased negative features. For example, 
participants exposed to nicotine were faster at 
identifying facial expressions than after absti-
nence and were less likely to engage in aggres-
sive behavior after being provoked. Nicotine 
enhancement may be selective to certain types of 
reinforcing consequences such as sensory and 
social stimuli. Nicotine does not appear to 
enhance responding maintained by food reinforc-
ers in animals (Raiff & Dallery, 2008) and mon-
etary reinforcers in humans (Perkins et al., 2017). 
More work is needed to identify the generality of 
the establishing operation functions of nicotine 
across different types of reinforcers, and the 
extent of individual differences in these effects.

Antecedent events and stimuli are also associ-
ated with cigarette smoking (Niaura et al., 1988; 
Shiffman et al., 2004, 2014). For example, smok-
ing may occur in the presence of specific people 
(peer smokers), places (outside, in car), and 
things (smoking paraphernalia). These stimuli 
may function as discriminative stimuli within the 
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four-term unit, and they may also have additional 
Pavlovian effects (Thompson, 2007). The pres-
ence of certain peers may be associated with 
smoking-related reinforcement, and thus increase 
the probability of smoking. The presence of the 
same peers may also elicit physiological condi-
tioned responses, and the same is true for other 
stimuli associated with smoking such as ciga-
rettes, smoke, smoking paraphernalia, coffee, 
and so on (Conklin et  al., 2013; Winkler et  al., 
2011). These physiological conditioned responses 
may set the occasion for the verbal responses 
characterized by “craving” (a full account of the 
origins and the multiple functions of verbal crav-
ing responses is beyond the scope of this paper). 
Nicotine itself can serve as a discriminative stim-
ulus and increase responding maintained by etha-
nol in the animal laboratory (Ginsburg et  al., 
2018). Other environmental events may function 
as discriminative stimuli and alter the probability 
of smoking. For example, rules concerning the 
health consequences presented by parents, teach-
ers, or the US Surgeon General may decrease 
smoking (Cerutti, 1989). Advertising may have 
discriminative stimulus effects (and establishing 
operation effects), as ads may signal the avail-
ability of social reinforcement for smoking. The 
role of advertising is particularly pernicious in 
light of the 26 million dollars per day spent on 
advertising cigarettes by tobacco companies in 
the United States (Centers for Disease Control, 
2020).

Aversive consequences following smoking 
may also occur. Unless these consequences 
reduce the likelihood of smoking behavior, they 
cannot be termed “punishers.” Some aversive 
physiological stimuli may occur immediately fol-
lowing smoking, such as throat irritation, mouth 
dryness, shortness of breath, and cough (Şanli 
et  al., 2016). Other consequences such as the 
increased likelihood of cancers and cardiovascu-
lar disease may be delayed and probabilistic 
(U.S. Department of Health and Human Services, 
2010). Delaying the presentation of aversive 
stimuli reduces their punishing effects, as does 
reducing the certainty that they will occur (Green 
et al., 2014). Even when increased disease risk is 
communicated based on genomic information 

tailored for the individual, it does not appear to 
increase cessation (Ramsey et al., 2018).

The four-term unit comprising the operant 
determinants of smoking is also situated in the 
context of other biological vulnerabilities, previ-
ous operant learning, and current circumstances. 
Some of these will require consideration in 
assessment and treatment. Gene variation may 
increase the risk of dependence and treatment 
failure. Recent research suggests that individuals 
with genetically slow nicotine metabolism have 
higher cessation success with behavioral coun-
seling and nicotine patch treatment (Chenoweth 
& Tyndale, 2017). In addition, the presence of 
comorbidities like depression, anxiety, post-
traumatic stress, and schizophrenia requires 
effective management to increase the probability 
of cessation (Prochaska & Benowitz, 2019). The 
same is true with respect to the presence of other 
smokers and non-smokers in the individual’s 
environment, such as parents, partners, and 
friends (vanDellen et  al., 2016). Additionally, 
individuals from lower socioeconomic classes 
and with lower educational attainment have been 
shown to smoke at higher rates and be less suc-
cessful when they attempt to quit smoking 
(Garrett et al., 2019; Jarvis, 2004).

The availability of alternative sources of rein-
forcement may also influence smoking. Dallery 
and Raiff (2007) found that choice to smoke in 
the human laboratory decreased with the magni-
tude of the monetary alternative (see also Johnson 
& Bickel, 2003; Stoops et al., 2011), and Cassidy 
et al. (2015) found a similar pattern of decreasing 
smoking choices with increasing magnitude of an 
alternative monetary reinforcer in adolescents. In 
a non-lab, naturalistic setting, Audrain-McGovern 
et  al. (2004) showed that school involvement, 
physical activity, academic performance, and 
sports team participation were associated with 
decreased risk of smoking. In a human laboratory 
choice arrangement, concurrent access to money 
and food decreased choice for cigarette puffs 
under some conditions (Epstein et al., 1991). In 
addition, Schnoll et  al. (2016) found that the 
extent of alternative reinforcers predicted long-
term abstinence following treatment. These find-
ings suggest that enriched environments with a 
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variety of opportunities to obtain alternative rein-
forcers may decrease smoking (Acuff et  al., 
2019; Correia et al., 2002; Vuchinich & Tucker, 
1988).

Lastly, other behavioral tendencies or pro-
cesses have also shown to be correlated with 
smoking status, such as the degree of delay dis-
counting and distress tolerance (MacKillop & 
Munafò, 2017; Veilleux, 2019). For example, 
individual differences in delay discounting, or 
the rate at which a future outcome loses value 
with increasing delays, have been reliably associ-
ated with smoking status and severity (Bickel 
et al., 1999; DeHart et al., 2020). Research sug-
gests that rapid discounting increases the later 
propensity to smoke compared to those who dis-
count at lower rates (Audrain-McGovern et  al., 
2009; Dallery & Raiff, 2007), and nicotine and 
other drugs of abuse may increase impulsive and 
risky choice (Dallery & Locey, 2005; Locey & 
Dallery, 2011; Perry & Carroll, 2008).

�Assessment

Assessment of smoking includes consideration of 
reliable and valid methods to assess cigarette 
smoking, the functional assessment of the vari-
ables associated with the four-term unit, and 
characteristics such as degree of nicotine depen-
dence and self-reported motivation that may be 
used to guide treatment decisions.

�Cigarette Smoking

Self-report of smoking, as operant verbal behav-
ior, is influenced by a variety of social contingen-
cies. The self-report may vary depending on the 
contingencies associated with the age of the 
smoker (adolescent versus adult), the reasons for 
quitting (pressure from spouse or personal health 
reasons), and whether quitting may result in a 
positive consequence such as a monetary incen-
tive. As such, no unitary statement about the 
validity of self-report is possible. Clinicians must 
assess and possibly attenuate the influence of 
social and non-social contingencies operating on 

the form of the self-report (Critchfield et  al., 
1998). One method to increase the accuracy of 
self-report is to count smoking episodes within a 
time period (Frederiksen et al., 1979; McFall & 
Hammen, 1971). These self-monitoring methods 
can vary in precision from simply counting the 
number of cigarettes smoked in one day to 
recording the number, time, and behaviors or 
environments relevant to each smoking episode. 
These methods involve discrimination of the 
smoking episode and recording of that episode. 
As such, measurement error can occur in both of 
these steps. Another method involves counting 
the permanent product of a smoking episode, that 
is, the smoked cigarette (Schwartz, 1992). 
Similarly, Timeline Follow-Back (TLFB) proce-
dures may be used to increase accuracy. These 
methods are also well-suited to collect informa-
tion about smoking over longer periods (e.g., 
30  days) and with non-daily smokers (Harris 
et  al., 2009). Briefly, the TLFB procedure uses 
key events (such as birthdays) to prompt respon-
dents to provide daily retrospective estimates 
over a specified time period (Lewis-Esquerre 
et al., 2005). The TLFB procedure may have lim-
its in terms of accuracy, particularly for heavy 
smokers (Griffith et al., 2009; Shiffman, 2009).

More objective methods include biochemical 
assessments of the metabolites of nicotine in 
saliva or urine, or exhaled breath carbon monox-
ide (CO; Benowitz et al., 2020). Benowitz et al. 
reported that up to one in ten who self-report 
abstinence do not meet biochemical abstinence 
criteria in research settings. Not only are bio-
chemical methods often more accurate than self-
report, but also they may be useful in populations 
in which smoking may occur surreptitiously such 
as with adolescents. Cotinine is the primary result 
of the metabolization of nicotine in the body and 
is most easily measured via saliva or urine. One 
consideration for the use of cotinine as an objec-
tive measure for smoking is that cotinine may 
also be present in the body if the individual is 
using other nicotine-containing products, such as 
electronic cigarettes (ECs) or nicotine replace-
ment. Commercially available products such as 
NicAlert® for salivary testing may be useful in 
clinical settings. NicAlert® is advantageous in 
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that it is inexpensive, and results are available 
within minutes of collecting the (urine or saliva) 
sample. In addition, cotinine’s long half-life (10–
30 h) permits detection for several days after ces-
sation (Benowitz et al., 2020).

An alternative objective method is the mea-
surement of breath carbon monoxide (CO). 
Commercially available devices (e.g., Pico 
Smokerlyzer®; Bedfont Scientific Ltd) measure 
the rate of conversion of CO to carbon dioxide 
when the smoker exhales air over a catalytically 
active electrode. Breath CO measurement is 
highly correlated with blood nicotine levels (Jaffe 
et  al., 1981). Optimal cutpoints for abstinence 
range between 4 and 6 ppm and will depend on 
the manufacturer of the CO meter (Perkins et al., 
2013). Another consideration is the short half-life 
of CO, which is about 4 h, which may necessitate 
twice-daily measurements to provide an index of 
daily abstinence. Breath CO may reach a “non-
smoking” cutpoint in a regular smoker in 6–24 h, 
and can depend on other factors such as activity 
level, sleep, and ambient sources of CO (Benowitz 
et  al., 2020). Recently available CO monitors, 
such as the Smokerlyzer®, can be connected 
directly to a smoker’s smartphone. For detailed 
consideration of biochemical confirmation pro-
cedures and cutpoints for CO and cotinine, the 
reader is directed to Benowitz et al. (2020).

�Functional Assessment

In contrast to the ubiquity of functional assess-
ment methods in other areas of Applied Behavior 
Analysis (Hanley, 2012), there are relatively few 
examples of functional assessment methods in 
the area of cigarette smoking (Cole & Bonem, 
2000; Epstein & Collins, 1977; Pomerleau et al., 
2003). Many treatment guidelines recommend 
assessment of “triggers” for smoking, but they do 
not assess the full range of functions as exempli-
fied in modern assessment methods. Axelrod 
(1991) reported on one of the first approxima-
tions to a functional assessment that included 
both antecedents and consequences. It was not 
developed by behavior analysts but rather by 
physicians and published in a medically oriented 

encyclopedia. The questionnaire asked smokers 
their reasons for smoking (e.g., to relax, deal with 
anger, to get a lift), and then various activities 
were recommended based on the responses (e.g., 
deep breathing, going for a walk).

Burrows et al. (2020) developed the Functional 
Assessment for Smoking Treatment 
Recommendations (FASTR). The FASTR is a 
30-item questionnaire designed to identify 5 
potential functions of smoking derived from the 
four-term unit: automatic positive reinforcement, 
automatic negative reinforcement, social positive 
reinforcement, social negative reinforcement, 
and antecedent stimuli. The questionnaire is 
divided into five subscales, one for each function, 
and each item was rated on a 5-point Likert scale, 
from strongly disagree to strongly agree. 
Although Burrows et al. found that the measure 
has good psychometric properties, it has not been 
evaluated as a method to improve cessation 
treatment.

Ecological Momentary Assessment (EMA) is 
a common self-report method to assess smoking 
behavior along with its antecedents, and less 
commonly its consequences (Shiffman et  al., 
2008). EMAs involve the delivery of short ques-
tionnaires throughout the day, directly to an indi-
vidual’s smart phone or other mobile device. 
These questionnaires typically include measures 
of the individuals’ covert behaviors and states, 
overt behaviors, and environmental conditions 
(e.g., location, social context). As such, EMAs 
provide a way to sample behavior over long peri-
ods of time in a way that reduces recall bias and 
maximizes ecological validity (Shiffman et  al., 
2008). They are particularly useful in identifying 
social and situational factors that contribute to 
smoking, and thus may offer a functional 
approach to the assessment of smoking. Lag 
analyses between antecedents and smoking 
behavior found that the presence of cigarettes 
significantly predicted smoking both before and 
after a quit date, while the presence of other 
smokers predicted a smoking lapse, with the like-
lihood increasing with days after the quit date, 
though non-significantly (Koslovsky et al., 2018). 
Using a similar analysis with recently abstinent 
smokers, alcohol use (within 15 min) predicted 
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smoking lapses for low-nicotine-dependent 
smokers up to 25 days after quitting (Dermody & 
Shiffman, 2020). Although EMA represents an 
improvement over global retrospective self-
reports, there is a dearth of work comparing 
EMA to direct observation (Dallery et al., 2013; 
Shiffman et al., 2008).

�Assessing Nicotine Dependence 
and Motivation

Assessing nicotine dependence may suggest dif-
ferent kinds or levels of treatment. The most 
common method to assess dependence is the 
Fagerström Test for Nicotine Dependence 
(FTND) (Heatherton et al., 1991). The FTND is 
comprised of six yes/no items, and higher scores 
reflect a greater degree of dependence. Physical 
dependence is the result of chronic smoking, with 
the individual showing signs of withdrawal that 
are ameliorated by smoking. Two questions seem 
to be particularly important indicators of depen-
dence: cigarettes per day and time to first ciga-
rette of the day (West, 2004). The FTND has 
been shown to predict treatment outcomes. 
Results may also indicate different intensities or 
doses of behavior therapy or pharmacotherapy, 
respectively (Fiore et al., 2008; West, 2004).

Finally, assessing self-reported motivation 
may be used to select treatment approaches. West 
(2004) recommends simple direct questioning 
about a smoker’s interest and intent to quit in 
clinical contexts. More structured, brief question-
naires are also available (Hall et al., 1990). For 
behavior analytic clinicians, assessing motivation 
may be a precursor to assessing the contingencies 
that lead to the different responses. For example, 
high motivation to quit smoking may be a result 
of threat of divorce and health problems. These 
factors could also be addressed or harnessed in 
treatment. In addition, if a smoker reports low 
motivation to quit smoking, strategies such as 
motivational interviewing may be warranted 
before (or in addition to) recommending other 
treatments. However, evidence is inconclusive 
about the effects of motivational interviewing on 
smoking (Lindson et al., 2019b). Furthermore, as 

West (2004) notes, the degree of nicotine depen-
dence is a much better predictor of treatment out-
come than motivation once treatment has 
commenced.

�Treatment

Although over 70% of smokers express some 
desire to stop smoking and 45% actually make a 
quit attempt per year, only about 5% are success-
ful (Hatsukami et  al., 2008). The United States 
Public Health Service endorses a variety of phar-
macological and counseling therapies for smok-
ing cessation (Fiore et al., 2008). Most patients, 
however, relapse within six months, even when 
various treatments are used together (Cahill et al., 
2014, 2016; Hartmann-Boyce et  al., 2014; 
Hughes et  al., 2014; Stead et  al., 2015, 2016). 
Although smoking cessation rates are higher fol-
lowing these treatments compared to placebo, the 
high relapse rate, in absolute numbers, presents a 
formidable challenge for smoking reduction 
efforts. A review of smoking cessation interven-
tions designed to prevent relapse found that no 
psychosocial interventions were effective in pre-
venting relapse (Hajek et al., 2013). Treatment of 
cigarette smoking should not be viewed as a 
behavior problem treated acutely, but rather as a 
chronic, relapsing condition that is likely to 
require long-term behavior management. Most 
smokers try to quit several times, and thus 
repeated intervention may be necessary to sup-
port this dynamic process (Hughes, 2003; Niaura, 
2008).

Accessible, effective smoking cessation pro-
grams are needed. Stitzer (1999) argued that 
increasing the acceptability and accessibility of 
behavior therapy in particular is critical: “Greater 
use of behavior therapy is especially important in 
view of the research findings that support its 
dose-related ability to improve cessation” 
(p.  186). The goal of treatment is cessation. 
Smoking reductions may increase the probability 
of later cessation, but there is no evidence that 
smoking reduction leads to decreases in health 
risks (Hughes & Carpenter, 2006). In addition, 
smokers who reduce their smoking engage in 
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compensatory smoking (e.g., deeper inhalation 
per cigarette). A reduction in cigarette consump-
tion of 50% or more results only in a 30% 
decrease in biomarkers for toxicant exposure 
(Hatsukami et al., 2008). In this section, we dis-
cuss briefly pharmacotherapy, behavior therapy, 
and technology-based platforms to deliver behav-
ior therapy. The focus will be on contingency 
management (CM).

�Pharmacological Therapy

The most common pharmacological therapy is 
nicotine replacement therapy (NRT). NRT can be 
administered transdermally with a patch, orally 
(gum, lozenge or sublingual tablets, inhaler), or 
nasally (Hatsukami et  al., 2008). As the name 
implies, NRT replaces nicotine in tobacco to 
maintain some of its effects while also reducing 
its abuse liability (i.e., by reducing the amount 
and speed of nicotine delivery). Evidence sug-
gests that all forms of NRT are equally effective, 
and approximately doubles the probability of 
cessation relative to placebo control conditions 
(Lindson et  al., 2019a, b). In addition, a recent 
systematic review indicates that combination 
NRT versus single-form NRT, and 4 mg versus 
2 mg nicotine gum, can increase the chances of 
cessation (Lindson et al., 2019a, b). A common 
combination is a fast-acting NRT such as gum 
with a nicotine patch. There is also some evi-
dence for more success with higher-dose nicotine 
patches, such as 21 mg patches relative to 14 mg 
patches. The review also suggested that there is 
some evidence that using NRT prior to quitting 
may improve quit rates when compared to start-
ing on the quit date.

Other common pharmacological treatments 
include bupropion and varenicline. Both are non-
nicotine-based drugs. Bupropion is also used as 
an anti-depressant, but its effects appear to be 
similar in depressed and non-depressed smokers 
(Hughes et al., 2014). Varenicline targets a spe-
cific nicotinic receptor subtype (technically, var-
enicline is a potent α4 β2 partial agonist). Overall, 
bupropion produces similar rates of cessation 
compared to NRT (Cahill et al., 2016), while var-

enicline increases cessation relative to NRT and 
bupropion. Cahill et al. concluded that compared 
to those not treated with varenicline, the use var-
enicline produces one extra successful quitter for 
every 11 people treated. Some side-effects asso-
ciated with varenicline may be of concern (e.g., 
nausea). More significant side-effects associated 
with all forms of pharmacotherapy (e.g., cardio-
vascular events) have not been supported in large, 
systematic studies (Benowitz et al., 2018)

Pharmacological interventions influence the 
effects of positive and negative reinforcement 
associated with smoking. For example, NRT 
leads to a decrease in withdrawal symptoms. 
Research also suggests that medicinal nicotine, 
particularly transdermal patches, results in 
reduced reinforcement from cigarette smoking, 
at least as measured by ad libitum cigarette smok-
ing and self-reports of satisfaction derived from 
smoking (Hatsukami et al., 2008). As such, NRT 
may function as an abolishing operation to the 
extent it attenuates the reinforcing value of smok-
ing cigarettes (Laraway et al., 2003). Interestingly, 
recent research also suggests that adhering to 
NRT may prevent the loss of the establishing 
operation effects of nicotine on sensory stimuli 
(Perkins et al., 2019). Varenicline also has effects 
that can be understood within the four-term unit. 
It provides relief from tobacco withdrawal (via 
its agonist action) and it also attenuates the rein-
forcing effects of nicotine (via its antagonist 
action; Hatsukami et al., 2008).

Electronic cigarettes (ECs) have also emerged 
as a potential pharmacological treatment for cig-
arette smoking (Glasser et al., 2017; Martner & 
Dallery, 2019). ECs are battery-operated devices 
that contain a liquid consisting mainly of water, 
propylene glycol, vegetable glycerin, nicotine, 
and flavorings. ECs can deliver nicotine at doses 
and rates that are similar to what is observed with 
combustible cigarettes. In addition, they both 
involve similar patterns of inhaling, exhaling, and 
hand-to-mouth gestures (Farsalinos, et al., 2013), 
and as such may substitute for the conditioned 
reinforcing stimuli associated with smoking. 
Several studies suggest that ECs may function as 
a substitute for cigarettes in laboratory settings 
(Grace et  al., 2015; Johnson et  al., 2017; Pope 
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et  al., 2019; Quisenberry et  al., 2016, 2017; 
Snider et al., 2017; Stein et al., 2018), and a small 
number of randomized controlled studies suggest 
that vaping may promote smoking cessation 
(Adriaens et  al., 2014; Bullen et  al., 2013; 
Caponnetto et  al., 2013). Although the use of 
cigarettes among youth has declined over the past 
decade, the use of electronic cigarettes in this 
population is increasing (Singh et al., 2016). EC 
use in youth may increase the chances of initia-
tion of cigarette smoking and affect brain devel-
opment (U.S. Department of Health and Human 
Services, 2016).

�Behavior Therapy

A plethora of counseling and talk-therapies exist 
to treat cigarette smoking. These range from brief 
counseling such as the 5 As (Ask, Advise, Assess, 
Assist, Arrange) that can be used by clinicians 
mostly in a primary care setting (Fiore et  al., 
2008), to individual and group cognitive-
behavioral therapy (Niaura, 2008). Cognitive-
behavioral approaches include components such 
as learning to cope with craving and withdrawal 
induced by nicotine deprivation, learning and 
avoiding antecedent “triggers” for smoking, 
stress management, social support, and motiva-
tional enhancement (e.g., listing reasons for quit-
ting) techniques. There is good evidence of a 
dose–response increase in efficacy, at least as 
measured by total minutes in contact (Fiore et al., 
2008; Niaura, 2008). Overall, according to sys-
tematic reviews and expert panels, there is mod-
erate evidence for efficacy of these treatment 
approaches.

Technology-based platforms also deliver 
cognitive-behavioral approaches along with 
social support and other components (Taylor 
et  al., 2017). For example, BecomeAnEx.org 
focuses on teaching strategies to identify and 
cope with smoking cues, along with providing 
social support and pharmacotherapy resources. 
The website contains an online forum for smok-
ers to communicate with one another, videos, 
interactive content, and a personalized quit plan. 
The social network component has been found to 

increase cessation, but only for those who actively 
participate in the forum. In a large sample (n = 
2657), Graham et  al. (2017) found abstinence 
rates of 7.7% in non-users of the forum, 10.7% in 
passive users, and 20.7% in active users. A theme 
in research on technology-based platforms is that 
although they provide access to evidence-based 
treatment components, users generally do not 
engage with relevant content and adherence is 
poor (Eysenbach, 2005). Recent research has 
explored how specific intervention components 
may increase engagement. For example, Graham 
et  al. found that increasing engagement in the 
social network component of BecomeAnEx and 
provision of free NRT increased adherence across 
all three recommended components of an 
evidence-based smoking cessation program 
(skills training, social support, and pharmaco-
therapy use).

Bricker and colleagues developed a web-
based Acceptance and Commitment Therapy 
(ACT) called WebQuit (Bricker et  al., 2014, 
2018). ACT for smoking focuses on acknowledg-
ing and accepting emotions, thoughts, and other 
antecedents for smoking without allowing them 
to control subsequent behavior. ACT uses six 
core processes to develop such “psychological 
flexibility”: acceptance, cognitive diffusion, 
being present, self as context, values, and com-
mitted action. Without going into detail, these 
processes focus on two main activities: mindful-
ness and acceptance of thoughts and feelings, and 
identifying values and behavior change proce-
dures to commit to these values (e.g., smoking 
cessation). Core processes of ACT were embed-
ded in the website by using personalized quit 
plans along with videos of former smokers shar-
ing success stories and modeling acceptance. A 
pilot randomized controlled trial indicated that 
WebQuit outperformed the Department of Health 
and Human Services’ website, Smokefree.gov. 
Cessation rates were higher for the web-based 
ACT intervention than the Smokefree (23% ver-
sus 10%) at a 3-month follow-up (Bricker et al., 
2014). However, in a larger randomized con-
trolled trial involving 2637 smokers (Bricker 
et al., 2018), there were no differences in absti-
nence at a 12-month follow-up: 24% (278 of 

41  Smoking Cessation

http://becomeanex.org
http://smokefree.gov


796

1141) for WebQuit.org and 26% (305 of 1168) 
for Smokefree.gov. The authors point out the 
increase in the Smokefree.gov group relative to 
the previous trial, and they suggest that several 
new elements of the site may have bolstered effi-
cacy (e.g., new content and front-page placement 
of coping with depression, an interactive feature 
to select pharmacotherapy). In addition, in both 
trials, participants in the ACT group reported 
increased acceptance of internal experiences 
(e.g., cravings), and this acceptance was also 
related to the impact of ACT on smoking. Despite 
the lack of group differences in the second study, 
both platforms resulted in positive outcomes. The 
public health impact of both sites can be esti-
mated based on the product of reach and efficacy. 
As such, for every 1 million smokers reached, 
approximately 250,000 would stop smoking 
(Bricker et al., 2018).

�Contingency Management

Contingency management (CM) interventions 
emerged from basic research on operant behavior 
and drug reinforcement (Silverman, 2004; 
Silverman et  al., Chap. 65, this volume). 
Specifically, CM incorporated the finding that 
linking the absence of a problem behavior with 
contingent delivery of a reinforcer can lead to 
decreases in or elimination of problem behavior 
(Hunt & Azrin, 1973; Miller, 1975; Stitzer et al., 
1977). Under contingency management proce-
dures for cigarette smoking, smokers receive 
desirable consequences contingent on objective 
evidence (CO or cotinine) of smoking reductions 
and abstinence. Several early studies provided 
the initial evidence of the feasibility of using CM 
to reduce smoking (Tighe & Elliot, 1968; Paxton, 
1980, 1981, 1983; Winett, 1973). These studies 
generally offered rewards, such as the return of 
monetary deposits, contingent upon self-reports 
of smoking abstinence and showed that CM 
could reduce levels of smoking. These studies 
suffered from several limitations, however, 
including reliance upon self-reports of abstinence 
(versus biochemical verification of abstinence) 
for implementing the contingencies or insuffi-

cient monitoring of smoking status. Subsequent 
studies, using more rigorous experimental meth-
ods, provided persuasive demonstrations that CM 
could reduce smoking (Sigmon & Patrick, 2012; 
Stitzer & Bigelow, 1982, 1983, 1985; Stitzer 
et  al., 1986; Rand et  al., 1989). For example, 
Stitzer and Bigelow (1982) delivered $5 pay-
ments to participants who submitted CO samples 
with at least a 50% decrease from the average 
baseline readings. This contingency effectively 
decreased CO levels, decreased number of self-
reported cigarettes per day, and increased the 
latency to the first cigarette of the day.

A 2019 Cochrane review of CM for cigarette 
smoking concluded that incentives improve 
smoking cessation rates at long-term follow-up 
(i.e., at least six months from treatment onset) in 
mixed population studies (Notley et  al., 2019). 
The review also highlighted that effects were sus-
tained even after withdrawal of incentives. There 
was considerable diversity across studies, which 
included 33 studies and more than 21,600 partici-
pants. Settings included workplaces, clinics, hos-
pitals, and community programs, and monetary 
consequences ranged from 0 (under deposit con-
tract procedures, which are discussed below) to 
$1185. Interestingly, the review found no dis-
cernable effect of reward magnitude on out-
comes. Notley et al. also examined CM targeting 
pregnant women who continue to smoke and 
found higher cessation rates compared to control 
groups both at the end of the pregnancy and after 
the birth of the baby. Smoking during pregnancy 
is the leading cause of infant morbidity and mor-
tality (U.S.  Department of Health and Human 
Services, 2001). Another major review of extant 
interventions revealed that incentive-based CM 
interventions were the most efficacious in pro-
moting cessation among pregnant women 
(Chamberlain et al., 2013; see also Higgins et al., 
2012; Ierfino et  al., 2015; Tappin et  al., 2015). 
Furthermore, the benefits of incentive-based 
interventions extend beyond smoking outcomes. 
Higgins et al. (2012) found incentive-based inter-
ventions improved estimated fetal growth, aver-
age birth weight, percentage of low-birth-weight 
deliveries, and breastfeeding duration. In several 
recent studies, Higgins et  al. (2014) found that 
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CM increased estimated fetal weight and abdom-
inal circumference, and Lopez et  al. (2015) 
revealed a reduction in the severity of postpartum 
depression.

�Technology-Based Contingency 
Management

Despite the well-established efficacy of CM to 
promote cessation, there remain several chal-
lenges in adopting, implementing, and ensuring 
the fidelity of CM interventions (Dallery & Raiff, 
2011). Making weekly or daily visits to a clinic to 
provide evidence of smoking status may also rep-
resent a substantial burden to various patient 
populations. To address these challenges, Dallery 
and colleagues developed a smoking cessation 
intervention that employed remote, web-based 
technology to allow for frequent (twice daily) 
and convenient breath CO collection (Dallery 
et al., 2008, 2013, 2017; Dallery & Glenn, 2005; 
Jarvis & Dallery, 2017; Reynolds et  al., 2015; 
Stoops et  al., 2009). Individuals provided CO 
samples in front of a video camera connected to 
the Internet. The video was time stamped, sent 
across the Internet, and evaluated by staff. An 
incentive was delivered electronically if the sam-
ple was valid and if the CO level displayed on the 
CO meter met the criterion for incentive delivery. 
This intervention has been effective in promoting 
smoking cessation (Dallery et  al., 2015a, b), 
including in a nationwide study of smokers 
(n = 94) from around the United States (Dallery 
et al., 2017). In the nationwide study, the treat-
ment lasted seven weeks, and there were signifi-
cant differences in negative COs between the 
treatment group and a group that received incen-
tives for submitting CO samples: 54% versus 
25%, respectively. Although group differences 
persisted at the three- and six-month follow-ups, 
these differences were not statistically 
significant.

Technology-based CM has also been used to 
arrange group contingencies, where small groups 
of smokers must collectively achieve cessation 
goals to receive consequences (Dallery et  al., 
2015a, b; Meredith et  al., 2011; Meredith & 

Dallery, 2013). Participants also provided and/or 
received encouragement, feedback, and support 
via a discussion board. Some evidence suggests 
that social networks influence smoking absti-
nence (Christakis & Fowler, 2008; Mermelstein 
et  al., 1986; Mermelstein & Turner, 2006). 
Moreover, research suggests that practitioners 
are more willing to adopt treatments that use 
social components relative to those that use only 
tangible reinforcers (Kirby et al., 2006). Overall, 
group-based and individual CM appear to gener-
ate similar rates of abstinence, but there are indi-
vidual differences in preferences for individual or 
group arrangements. One advantage of technol-
ogy is that one size need not fit all: a variety of 
group or individual contingency arrangements 
could be delivered in a single platform.

To facilitate dissemination, basic cell phones 
and smartphones have been used to implement 
similar incentive-based interventions in adults 
(Alessi et  al., 2017; Carpenter et  al., 2015; 
Dallery et al., in press; Dan et al., 2016; Hertzberg 
et  al., 2013; Kendzor et  al., 2020; Kurti et  al., 
2020) and adolescents (Kong et  al., 2017). For 
example, Alessi et al. used a CM procedure and 
basic cell phones to obtain visual evidence of the 
CO sampling procedure. CM plus usual care 
(n  =  45) was compared to usual care alone 
(n  =  45), which consisted of pharmacotherapy 
(i.e., nicotine patch) and twice-weekly counsel-
ing sessions conducted remotely via telephone. 
Results indicated that 82% of mobile CM versus 
41% of usual care participants were abstinent at 4 
weeks, and 21% versus 16% at 24 weeks. 
Smartphones have even greater reach relative to 
Internet-based methods. Compared to white 
Americans in the United States, black and 
Hispanic groups report equivalent rates of smart-
phone ownerships: 77% for whites, 72% for 
blacks, and 75% for Hispanics (Perrin, 2017). 
African Americans and Hispanics use their 
smartphones more often for health-related activi-
ties like searching for health information com-
pared to whites (Perrin, 2017). As such, mobile 
technology could further reduce the “access gap” 
to the receipt of evidence-based interventions to 
promote cessation.
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Monetary consequences may limit the appli-
cation of CM interventions. To address this limi-
tation, Dallery et  al. (2008) used a deposit 
contract method that we introduced in the early 
CM studies noted above. Smoking status was 
verified via CO and Internet-based procedures. 
The procedure required an up-front deposit of 
$50 by the participant, which could be recouped 
based on evidence of abstinence. The deposit 
contract procedure produced equivalent rates of 
abstinence relative to a no-deposit group, and it 
resulted in cost savings. Jarvis and Dallery (2017) 
also investigated self-selected deposits rather 
than a fixed deposit. In Experiment 1 of their 
study, 47% of the CO samples met the criterion 
for abstinence, compared to 1% during baseline. 
Experiment 2 evaluated the impact of an addi-
tional clinic “match” of the participant’s deposit. 
No samples met the criterion during baseline but 
41.5% met it during treatment. The average 
deposit was $82  in Experiment 1 and $49  in 
Experiment 2. Participants rated the intervention 
favorably, and sample submission rates were 
high. The deposit arrangements completely elim-
inated voucher costs, even when incorporating a 
clinic-match. After payments to 19 participants, 
$332.66 was left in surplus and donated to 
charity.

Halpern et al. (2015) evaluated incentive treat-
ments for smoking cessation, including deposit 
contracting, in a large (N  =  2538) randomized 
six-month intervention. Sustained abstinence for 
those who accepted the programs (i.e., partici-
pants could refuse the group assignment) was 
52.3% in the deposit groups compared to 17.1% 
in the reward groups. However, the rate at which 
participants selected the deposit was low: only 
13.7% accepted the deposit. The acceptability of 
a deposit—or the number of individuals who 
actually make a deposit—will depend on a host 
of factors (Halpern et  al., 2012; Stedman-Falls 
et al., 2018). More research is needed to assess 
variables that influence acceptability. A 
technology-based method to enable a deposit 
(e.g., via PayPal) may lower the response effort 
associated with making deposits and therefore 
increase acceptability for some individuals 
(Stedman-Falls & Dallery, 2020). Deposit con-

tracts may not only offset voucher costs, but also 
they may mitigate a public policy concern with 
paying people to change behavior (Madison 
et al., 2011). A deposit contract method may be 
acceptable and efficacious for a sizeable enough 
portion of smokers and stakeholders to deliver a 
public health impact, and it could be used in indi-
vidual treatment in clinical settings.

There is certainly more work to be done to fur-
ther promote cessation. Qualitative data from a 
recent mobile phone CM study revealed that par-
ticipants wanted help learning personally relevant 
new skills or information about smoking cessa-
tion, and several reported significant life stressors 
(Dallery et  al., in press). Multi-component 
technology-based interventions hold promise. 
Several mobile phone CM interventions have 
included skills building, stress management, and/
or motivational enhancement treatment compo-
nents (Carpenter et  al., 2015; Hertzberg et  al., 
2013). For example, Carpenter et  al. (2015) 
included weekly cognitive-behavioral therapy 
and pharmacotherapy, and they found smoking 
abstinence rates of 65% and 60% at 3 and 
6  months after the mobile CM intervention, 
respectively. Mobile interventions have also been 
designed to provide intervention components 
such as stress management on demand based on 
participant input (Heron & Smyth, 2010). Such 
“ecological momentary interventions” may be 
useful adjuncts to CM (Businelle et al., 2016). In 
addition, methods to assess the functions of ciga-
rette smoking should be explored to tailor inter-
vention components to promote cessation 
(Burrows et al., 2020).

�Considerations in the Delivery of CM 
in Clinical Settings

CM interventions are comprised of several com-
ponents that can be implemented in a variety of 
ways (Meredith et al., 2014; Petry, 2000). Once a 
reliable and valid monitoring system is selected, 
either CO or cotinine in saliva or urine, the clini-
cian must select a CM intervention (e.g., voucher 
or prize-based in which reinforcers are available 
intermittently). In addition, several specific 
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parameters of the CM intervention must be 
selected to maximize cost-effectiveness and 
access to treatment. For example, the clinician 
must select parameters of reinforcement (e.g., 
delay, magnitude) to maximize the probability of 
successful outcomes (Lussier et al., 2006; Stitzer 
& Bigelow, 1983). As noted above, however, a 
major Cochrane review found little evidence of 
magnitude effects across smoking cessation stud-
ies. It may have been the case that the magnitudes 
were all sufficiently high, which means that care 
should be taken to ensure that the magnitude 
selected is above an empirically informed thresh-
old. In clinical practice, the parameters of a spe-
cific CM program may need to be modified 
iteratively, using experimental methods, to reveal 
the optimal program for a specific individual 
(Dallery & Raiff, 2014).

Another consideration in designing a CM 
intervention in a clinical setting is the schedule of 
reinforcement. The most common schedule of 
reinforcement used in CM interventions is the 
ascending schedule of reinforcer delivery with 
resets of the voucher value for evidence of lapses 
or missed samples (Roll & Higgins, 2000; 
McPherson et al., 2018). One study found that a 
schedule that included ascending values plus 
resets resulted in greater rates of smoking absti-
nence than an ascending schedule without resets, 
and greater rates of abstinence compared to a 
fixed schedule in which the same amount was 
available for each negative sample (Roll & 
Higgins, 2000). Prize-based procedures also 
involve escalation (Petry, 2000), but because 
rewards are available intermittently, they may rep-
resent a lower-cost method to deliver incentives.

One potential problem with an ascending 
schedule of reinforcement is the low initial value 
of the consequence for abstinence. Several 
researchers have noted that some participants 
never contact the monetary reinforcers for absti-
nence (Correia et  al., 2005). One reason some 
participants do not achieve abstinence is that 
most CM interventions require an abrupt transi-
tion to complete abstinence. Gradual reductions 
in drug use may permit greater contact with mon-
etary reinforcers for changing drug use behavior. 

Several studies suggest that gradual reductions, 
or shaping procedures, can generate high initial 
rates of abstinence in nicotine-dependent indi-
viduals (Lamb et al., 2004, 2010). Shaping pro-
cedures are only possible if some quantitative or 
semi-quantitative monitoring of drug status is 
available, which is the case for CO- and several 
cotinine-based measures.

�Conclusions

Cigarette smoking remains a vexing problem, or 
what some have called a wicked problem 
(Wallace et  al., 2015). Although smoking rates 
overall have declined, there remain substantial 
disparities in smoking prevalence. Smoking 
remains high among people who have less educa-
tion, American Indians/Alaska Natives, those 
who experience serious psychological distress, 
those experiencing socioeconomic disadvantage, 
people with a disability, and those who are les-
bian, gay, or bisexual, to name a few examples. 
Population-level interventions are responsible for 
most of the reductions in smoking such as 
increased taxes, smoking bans, and mass media 
campaigns, especially those interventions target-
ing youth initiation. Nevertheless, a role still 
exists for treatments focused on individuals, and 
as such behavior analytically derived interven-
tions are justified and require further develop-
ment. This development will need to be sensitive 
to the changing landscape of tobacco control 
policies. For example, in 2017, the U.S. Food and 
Drug Administration announced a focus on 
reducing nicotine in cigarettes to levels low 
enough that cigarettes would be minimally or 
non-addictive (Gottlieb & Zeller, 2017). If new 
policy is implemented, it would mean that only 
very low nicotine content (VLNC) cigarettes 
would be sold in the United States. Research has 
found that VLNC cigarettes lead to lower depen-
dence, fewer cigarettes smoked per day, and 
increased quit attempts compared to standard 
nicotine level cigarettes (Donny et  al., 2015; 
Hatsukami et al., 2010), and that VLNC reduced 
abuse liability compared to higher nicotine 
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content cigarettes in adolescent smokers (Cassidy 
et al., 2018).

As we have reviewed in this chapter, a behav-
ior analytic framework of the etiology, mainte-
nance, and treatment of smoking has proven to be 
robust and pragmatic. Many researchers and cli-
nicians have lamented the limited scope of 
behavioral interventions, despite their potential 
to address a wide range of socially relevant 
behavior (e.g., Friman, 2010; Normand & Kohn, 
2013). Cigarette smoking is a case example of 
how behavior analysis has been broadened to 
inform understanding and treatment of the lead-
ing preventable cause of death in the developed 
world. Indeed, Henningfield and Higgins (1989) 
noted the important contributions of behavior 
analysis to the 1988 Annual Report of the Surgeon 
General on the Health Consequences of Smoking 
(U.S. Department of Health and Human Services, 
1988). Specifically, the contributions included 
research on the cross-species similarities in drug 
taking behavior, research showing drug taking 
follows the same general laws as other operant 
behavior, and research on behavioral treatments 
for cigarette smoking. We hope that the current 
chapter provides further evidence for the contin-
ued vitality and social relevance of behavior ana-
lytic research on cigarette smoking.
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