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Abstract

Contingency management (CM) interventions are among the most effective behavioral 

interventions for smoking. This study assessed the effects of CM and electronic cigarettes (ECs) 

on smoking reductions and abstinence for durations of 30-36 days. Twelve participants were 

exposed to Baseline, EC alone, and EC + CM conditions. An internet-based platform was used to 

monitor smoking via breath carbon monoxide (CO) and deliver CM for smoking abstinence (CO 

≤4 ppm). A Bluetooth-enabled EC monitored daily EC puffs. Abstinence rates were equivalent 

between EC (34.4%) and EC + CM (30.4%) conditions. Both conditions promoted smoking 

reductions. We observed an inverse correlation between smoking and EC puffs (r = −.62, p < .05). 

Results suggest the use of electronic cigarettes can promote smoking reductions and abstinence, 

and CM did not improve these outcomes. Larger magnitude consequences or tailoring EC 

characteristics (e.g., flavor) may have improved outcomes. Technology-based methods to collect 

intensive, longitudinal measures of smoking and electronic cigarette use may be useful to 

characterize their environmental determinants.
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Contingency management (CM) interventions are among the most effective behavioral 

interventions for problematic substance use, including cigarette smoking (Lussier, Heil, 

Mongeon, Badger, & Higgins, 2006; Prendergast, Podus, Finney, Greenwell, & Roll, 2006). 

CM intervention to reduce cigarette smoking might include consequences with monetary 

value provided to individuals based on objective evidence of smoking abstinence. Objective 

evidence of smoking can be obtained through breath carbon monoxide (CO) or cotinine in 

urine or saliva (cotinine is a metabolite of nicotine; Benowitz & Jacob, 1994). CM has 

resulted in smoking abstinence in a variety of populations including heavy, rural, pregnant, 

adolescent, and difficult-to-treat smokers (for reviews see Dallery, Kurti, & Martner, 2015; 

Ledgerwood, 2008; Sigmon & Patrick, 2012). Recently, remote, internet-based technology 

has been used to monitor CO and deliver CM (Dallery & Glenn, 2005; Dallery, Glenn, & 

Raiff, 2007; Dallery et al., 2017; Meredith, Grabinski, & Dallery, 2011; Stoops et al., 2009), 
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which could promote widespread access to the intervention. The present study focused on 

the effects of internet-based CM and electronic cigarettes (ECs) on cigarette smoking 

reductions (i.e., reductions in breath CO) and abstinence.

ECs are battery-operated devices that contain a liquid consisting mainly of water, propylene 

glycol, vegetable glycerin, nicotine, and flavorings. “Drawing” on the device or pressing a 

button (depending on the model) ignites an atomizer to produce an aerosol, a process 

commonly referred to as “vaping.” Since they were first introduced in 2004, ECs have 

gained popularity at an exponential rate (U.S. Department of Health and Human Services, 

2016). A large part of this growth is fueled by the belief that ECs help people quit smoking 

and reduce cravings to smoke (Adkison et a1., 2013; Glasser et al., 2017). Several features 

of ECs could make them useful smoking cessation aids. ECs can deliver nicotine at doses 

and rates that approach combustible cigarettes, and although there are some differences in 

puff topography between ECs and combustible cigarettes, they both involve several obvious 

similarities (i.e., inhaling, exhaling, hand-to-mouth gestures; Farsalinos, Romagna, Tsiapras, 

Kyrzopoulos, & Voudris, 2013). These similarities could facilitate substitution of smoking 

with vaping. Indeed, several studies suggest that ECs may function as a substitute for 

cigarettes in laboratory settings (Grace, Kivell, & Laugesen, 2015; Johnson, Johnson, Rass, 

& Pacek, 2017; Pope et al., 2019; Quisenberry, Koffarnus, Epstein, & Bickel, 2017; 

Quisenberry, Koffarnus, Hatz, Epstein, & Bickel, 2015; Snider, Cummings, & Bickel, 2017; 

Stein, Koffarnus, Stepanov, Hatsukami, & Bickel, 2018), and a small number of randomized 

controlled studies suggest that vaping may promote smoking cessation (Adriaens, Van 

Gucht, Declerck, & Baeyens, 2014; Bullen et al., 2013; Caponnetto et al., 2013). Another 

reason to favor a transition to ECs for smokers is that ECs contain fewer toxicants and 

carcinogens than cigarettes (Goniewicz et al., 2014; Shahab et al., 2017). As such, to the 

extent ECs promote smoking abstinence, and possibly smoking reductions, they may 

represent a useful harm reduction strategy (Farsalinos, 2018).

EC devices have evolved rapidly, and many of the first-generation ECs used in previous 

studies are outdated (Lopez & Eissenberg, 2015). First-generation ECs have low-capacity 

batteries and use prefilled cartridges, whereas newer-generation ECs have larger batteries 

and a reservoir that is refillable with e-liquid. These devices may differ in their nicotine 

delivery profiles and ability to reduce withdrawal symptoms (Farsalinos et al., 2015; 

Lechner et al., 2015; Wagener et al., 2017). The majority of people who use ECs have 

newer-generation ECs (Dawkins, Turner, Roberts, & Soar, 2013; Farsalinos et al., 2013a), 

yet only one randomized controlled trial evaluated newer-generation ECs (Adriaens et al., 

2014). Adriaens et al. (2014) observed abstinence rates of 34% and 0% for the EC groups 

and control groups after week 8. After week 8, the control group received an EC. An overall 

verified abstinence (CO < 5 ppm) rate of 21% was obtained at 8-month followup. Additional 

research is needed on the potential for newer ECs to promote smoking cessation.

Previous studies examining changes in smoking and vaping have generally relied on self-

reported smoking and vaping (e.g., Adkison et al., 2013; Etter & Bullen, 2014; Prochaska & 

Grana, 2014; Vickerman, Carpenter, Altman, Nash, & Zbikowski, 2013; Vickerman et al., 

2016). Even when an objective measure of smoking (e.g., breath CO) was obtained, it was 

generally at fixed, weekly time points or during follow-up visits (e.g., Adriaens et al., 2014; 
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Caponnetto et al., 2013; Caponnetto, Polosa, Russo, Leotta, & Campagna, 2011; Halpern et 

al., 2018; Jorenby, Smith, Fiore, & Baker, 2017; Manzoli et al., 2015; Tseng et al., 2016; 

Wagener et al., 2014). An isolated, single CO sample can only indicate recent smoking 

abstinence; it cannot capture dynamic changes in smoking over time. Similarly, only a few 

studies attempted to verify EC use by collecting used e-liquid cartridges (Bullen et al., 2013; 

Tseng et al., 2016). A more fine-grained temporal resolution of changes in smoking and 

vaping may reveal important interactions between these behaviors, and enable single-case 

experimental approaches to evaluate interventions (Dallery & Raiff, 2014; McDonald et al., 

2017).

The primary goals of this study were to compare the effects of ECs to a combination of ECs 

and CM on smoking during the initial weeks of a quit attempt, and to assess interactions 

between vaping and smoking. We also assessed the social validity of the intervention 

components via questionnaire at study completion. We measured vaping using a Bluetooth-

enabled EC that recorded each puff via ignition button clicks (Dautzenberg & Bricard, 2015; 

Pearson et al., 2017) and used an internet-based method to obtain measures of CO twice per 

day and deliver CM (Dallery, Raiff, & Grabinski, 2013). Breath CO is not affected by vaping 

(Vansickel, Cobb, Weaver, & Eissenberg, 2010). We hypothesized that combining ECs and 

CM would result in higher rates of abstinence or reduction than ECs alone, and that EC 

puffs per day would be inversely related to CO levels. To our knowledge, this study is the 

first to use frequent, objective measures of vaping and smoking in users’ natural 

environments.

METHOD

Participants

Participants (N = 12) were recruited locally using print (flyers), online media (e.g., Craigslist 

and Facebook advertisements), and community outreach methods through HealthStreet-

Gainesville. Eligible participants met the following criteria: (1) 18-65 years old, (2) smoked 

≥2 years, (3) smoked ≥8 cigarettes per day on average, (4) smoked in the past 24 hours, (5) 

expressed a desire to quit smoking (yes/no), (6) had reliable access to the internet and a 

computer or smartphone, and (7) breath CO ≥10 ppm at set-up. Exclusion criteria included 

(1) current or previous medical condition that would pose an increased risk to participation, 

(2) use of benzodiazepines, cocaine, or opiates in the previous 6 months, (3) smoke 

marijuana more than two times per month, (4) exposed to elevated CO levels (e.g., spouse 

smokes in house), and (5) pregnant or expected to become pregnant in the next 6 months. A 

total of 22 individuals were screened for eligibility. Three were not eligible because they did 

not have access to a computer or the internet, two were exposed to elevated CO levels, and 

one had a preexisting medical condition. Four participants withdrew from the study prior to 

completing baseline (two before any data were collected); we do not report their results.

Participants were not excluded for previous EC use. Three participants (P1, P7, P9) never 

tried an EC prior to the study. Two participants owned an EC but quit using it more than a 

month prior to t he study (P8 used a first-generation EC, and P12 used a second-generation 

EC). The remaining seven participants had tried an EC more than a year prior to the study 

but never owned one.
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Materials and Set-Up

Set-up meetings occurred at the University of Florida Behavioral Health and Technology 

Research Clinic. Researchers obtained informed consent and assigned participants a 

randomly generated ID. Participants completed a psychosocial questionnaire on 

demographics, smoking and other tobacco use, psychological and medical conditions, and 

nicotine dependence using the Fagerstrom Test for Nicotine Dependence (FTND; 

Heatherton, Kozlowski, Frecker, & Fagerstrom, 1991). Researchers provided participants 

with a copy of the National Cancer Institute’s brochure, Clearing the Air (smokefree.gov). 

Then, researchers and participants read through a manual that described the study 

procedures, how to use Mōtiv8 (described below), and a manual for their EC model. 

Participants completed a short verbal quiz and had time to ask questions about the study 

procedures. Participants practiced submitting video samples and using Mōtiv8. Participants 

were also given a CO meter (Bedfont piCO+ Smokerlyzer, calibrated before each intake), an 

EC (Smokio or Joyetech eMode), and e-liquid (V2). Research staff demonstrated how to 

assemble and use the EC (i.e., how to power on/off the device and press the button to power 

the atomizer). Participants read and signed a property contract that included all loaned items.

Mōtiv8 platform and CO sample collection.

An internet-based web application, Mōtiv8, tracked participants’ smoking. Participants 

logged into the secure website using a username and password and completed the video 

sample collection following simple on-screen instructions. Mōtiv8 enabled the collection of 

video-based CO samples and allowed users to track their progress (CO levels) on a graph. 

CO levels were automatically updated in their progress graph after each submission. Mōtiv8 

also displayed users’ earnings during CM phases. Researchers verified Breath CO samples 

and earnings were updated at least once daily. Participants were instructed to submit breath 

CO samples twice daily with at least 8 hr between samples. The first sample of each day was 

submitted before 4:00 PM. The second sample of each day was submitted before 11:59 PM. 

After each sample was submitted, Mōtiv8 prohibited the user from submitting another 

sample for 8 hr. The Mōtiv8 website was inoperable during baseline for P11 and P12, so 

participants were instructed to send their videos (containing a timestamp and password sent 

prior to each sample recording) via email to the researcher.

Electronic cigarette.

Smokio electronic cigarettes are second-generation ECs that consist of a 650 mAh or 900 

mAh lithium-ion battery, a refillable reservoir holding 1 ml of e-liquid, a replaceable 2.2-

Ohm atomizer head, and a mouthpiece. The EC connects to a mobile phone application via 

Bluetooth and records each button press to supply electricity to the atomizer. Button presses 

longer than 0.5 s are recorded as a puff by the device to account for the time required to raise 

the temperature to vaporize the e-liquid. After 10 s, the EC shuts off power to the atomizer 

to prevent over-heating. Participants did not have access to the application during the study. 

However, as of May 2016, Smokio is no longer supported in the United States. Thus, two 

participants (P9, P12) used Joyetech eMode electronic cigarettes. The eMode is similar to 

Smokio and is also a second-generation EC. The eMode syncs to computer software, 

myVapors, and has a 2100 mAh lithium-ion battery and replaceable 2.4-Ohm atomizer head.
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E-liquid.

We provided participants with V2 e-liquid with a concentration of 24 mg/ml (2.4%) of 

nicotine. This concentration was chosen based on previous research that suggested 

concentrations higher than 18 mg/ml may be necessary to delivery nicotine comparable to a 

conventional cigarette (Farsalinos et al., 2013b, 2014). We used V2 e-liquid in this study 

because this manufacturer has actual concentrations within 10% of labeled concentrations 

(Davis, Dang, Kim, & Talbot, 2015). This accuracy is considered acceptable for nicotine 

patches and is the nicotine tolerance level set by the American E-Liquid Manufacturing 

Standards Association. Participants were provided with “tobacco” flavored e-liquid if they 

smoked traditional cigarettes or “menthol” flavored e-liquid if they smoked menthol 

cigarettes.

Behavior change inventory.

Approximately once every 4 days, participants completed an online survey (Qualtrics, 

Provo, UT) that asked about their withdrawal, adverse events, new medications, use of other 

tobacco products, and if they had tried new methods to initiate or maintain abstinence. 

Participants indicated whether anyone else used their EC and if they had used another EC or 

e-liquid.

Social Validity

Participants completed a 23-item acceptability questionnaire about their experience with the 

EC and other aspects of the program. The questionnaire included nine statements about the 

EC: (1) Overall, it was easy to use, (2) Overall, it was helpful in my quit attempt, (3) 

Overall, the electronic cigarette decreased craving for the conventional cigarette, (4) Overall, 

it was convenient, (5) Overall, I did not feel embarrassed to use it in public, (6) I would 

recommend trying an electronic cigarette to other smokers who want to quit, (7) Overall, it 

tasted like smoking a conventional cigarette, (8) Overall, it feels like smoking a conventional 

cigarette, and (9) Overall, it was pleasant. Seven statements were answered about the 

program in general (e.g., Overall, the Mōtiv8 website was easy to use). Participants rated 

their agreement to each statement on a visual analog scale (0-100) with anchors for Very 

Strongly Disagree (0) and Very Strongly Agree (100). Open-ended questions asked what 

participants liked least and most about the EC and Mōtiv8 website, what aspect of the 

treatment they found most helpful, and suggestions for changes.

Measures

The primary dependent variables were CO levels and EC puffs per day. Secondary measures 

were the percentage of negative CO samples, mean EC puffs per day across phases, and 

acceptability ratings.

Experimental Procedures

We used a nonconcurrent multiple baseline across participants design (Watson & Workman, 

1981). Three phases were included: Baseline, EC, and EC + CM. Half the participants 

received the EC phase following baseline; the other half received EC + CM following 

baseline.
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Baseline.

Each participant was randomly assigned to experience baseline phases between 2-8 days. 

Baseline sessions served three purposes: to familiarize participants with the study 

procedures, to collect data on natural cigarette smoking levels, and to assess the potential 

effects of monitoring CO on smoking (Beard & West, 2012). Participants were instructed to 

follow the breath sample collection procedure and review cessation resources from the 

Clearing the Air guide to quitting smoking. There were no contingencies for CO samples in 

this phase. Participants were then given a quit date with instructions to begin using the EC in 

the next phase (one participant, P9, did not follow these instructions and took nine puffs on 

his EC during the final day of baseline).

EC.

Participants were instructed to continue breath sample collection, quit smoking, and use the 

EC as needed. No contingencies were programmed for CO samples or vaping. Participants 

completed the online behavior change inventory approximately once every 4 days during 

this phase and earned $4 for each survey. This phase lasted at least 14 days. A 14-day period 

was selected because the first 2 weeks are a critical period for a quit attempt and are a 

predictor of long-term abstinence (e.g., Kenford et al., 1994). If participants failed to reduce 

CO levels during the EC phase, they received CM in addition to the EC. Participants were 

told their behavior in the EC phase might qualify them for a third phase of the study. 

Participants did not know the criteria or what the third phase would entail because the 

potential for additional compensation in the third phase might influence their behavior in the 

second phase. Participants qualified for EC + CM if they submitted fewer than 11 of 14 CO 

samples during the last 7 days of the EC condition, with less than 50% of samples negative 

for smoking with a stable or upward trend observed by visual analysis. The rationale for this 

inclusion criteria was that effects of EC + CM would be difficult to observe if participants 

had already reduced their CO levels in the EC phase. If participants did not qualify for EC + 

CM, they continued in the EC phase for an additional 14 days to equate time with those in 

the EC + CM phase.

EC + CM.

This phase lasted 14 days. Participants continued to follow breath sample collection 

procedures, used the EC as needed, and completed the behavior change inventory about 

every 4 days. Instead of earning money for completing the behavior change inventory, 

participants received incentives for negative samples (CO ≤4 ppm). Participants earned 

$1.00 for the first negative sample, and the amount increased by $0.05 for each consecutive 

negative sample. In addition, every third consecutive negative CO sample resulted in a $0.25 

bonus. If a participant missed a sample or submitted a sample that was positive for smoking, 

they earned $0.00 and the schedule reset to $1.00 for the next negative sample. This 

escalating schedule of reinforcement is similar to schedules used in previous research, albeit 

with lower magnitudes (Dallery et al., 2007; Roll, Higgins, & Badger, 1996). Participants 

who experienced EC + CM after baseline proceeded to the EC phase for 14 days. 

Participants who received EC + CM after the EC phase proceeded to study completion.
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Study completion.

At the end of the study, participants returned equipment and completed the acceptability 

questionnaire. To encourage safe return of the equipment, we offered a $10 voucher upon 

receipt of all equipment.

RESULTS

Demographic characteristics are displayed in Table 1. Participants were 20-64 years old (M 
= 37.5). Most participants reported smoking 12-20 cigarettes per day (M = 16.3, SD = 6.0) 

and a mean FTND score of 5 (SD = 1.5), reflecting moderate nicotine dependence. Eight 

participants smoked traditional cigarettes and four participants smoked menthol cigarettes. 

Menthol and traditional cigarette smokers showed similar outcomes.

Figure 1 shows individual CO levels and EC puffs per day across phases for the participants 

who received the EC phase first. Figure 2 shows individual CO levels and EC puffs per day 

across phases for participants who received EC + CM first. All participants had high levels 

of CO in baseline. Following baseline, five participants (P1, P2, P3, P7, P8) showed 

immediate reductions in CO and high levels of EC use. Three (P4, P9, P10) showed more 

gradual reductions in CO and gradual increases in EC use. Two participants (P6, P11) 

showed initial, but brief, reductions in CO and high levels of EC use, and two (P5, P12) 

failed to appreciably reduce CO levels and showed relatively low EC use. While P2 

substantially reduced CO, several samples were missed during the EC phase, which 

qualified him to receive EC + CM.

EC data were lost for P2 (days 31-38), P7, and P8 due to failures with the Smokio. P5 and 

P6 withdrew from the study early. Participants earned a mean of $32.04 (range = $18-52.95, 

SD = $11.30).

Figure 3 shows the percentage of CO samples that met the abstinence criterion (≤ 4 ppm) 

across each phase. No samples met the abstinence criterion during baseline, and 34.4% and 

30.4% of all EC and EC + CM samples, respectively, met the criterion. Missing samples 

were counted as positive. There were few missing samples during baseline (9.4%). In the EC 

phase, 33.3% of all samples were missing and 34.5% of all samples were missing in the EC 

+ CM phase.

To assess the relation between EC puff frequency and smoking reductions, we calculated the 

mean EC puffs per day across each phase for each participant and the mean percentage 

change in breath CO for that phase relative to his or her mean baseline CO level. Figure 4 

shows participants’ mean percentage change in CO from baseline plotted as a function of 

mean EC puffs per day during each phase. Changes in breath CO from baseline in EC and 

EC + CM phases were inversely related to the mean number of EC puffs taken daily during 

those phases (rs = −.72, p < .01).

Figure 5 displays acceptability ratings for the EC. One participant (P6) did not complete the 

acceptability questionnaire. Generally, the participants agreed the EC was helpful in their 

quit attempt (M = 68, SD = 39.4) and decreased their craving for cigarettes (M = 66.4, SD = 
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41.2). Three participants, P5, P11, and P12, consistently provided the lowest ratings for the 

EC. All but one participant (P12) agreed they would recommend EC to others who are trying 

to quit (M = 83.7, SD = 30.8). Responses to the open-ended questions about the EC are 

provided in the Supporting Information.

Figure 6 shows acceptability ratings for the CM procedures and the Clearing the Air guide. 

Participants generally agreed that the program was helpful in their quit attempt (M = 68.2, 

SD = 41.7), with the exception of P5, P11, and P12. Mōtiv8 was considered easy to use (M 
= 87.3, SD = 16.2) and participants liked seeing their progress on the Mōtiv8 graphs (M = 

88.3, SD = 15.9). (Data from participants P11 and P12 were removed for these two items 

because they did not use Mōtiv8.) Lower agreement was seen for the Clearing the Air guide 

to quitting smoking: half of the participants read the manual and liked it (M = 55.4, SD = 

41.7), and three agreed it was helpful (M = 39.4, SD = 41.2). Responses to the open-ended 

questions about CM and Clearing the Air are provided in the Supporting Information.

Responses to the behavior change inventory revealed that two participants (P2, P3) 

purchased 24 mg/ml tobacco flavored e-liquid from another retailer, P8 used 24 mg/ml clove 

and vanilla flavored e-liquid, and P10 used 16 mg/ml fruit flavored e-liquid. Marijuana use 

was reported once by P10. No participants reported that anyone else had used their ECs.

DISCUSSION

The present study assessed the effects of ECs alone and ECs combined with a CM 

intervention on cigarette smoking. We used technology-based tools to intensively monitor 

breath CO levels and EC use in the natural environment during the initial 4 weeks of a quit 

attempt. Twelve adult1 smokers with interest in quitting participated. Baseline CO levels 

remained elevated and stable for all participants, suggesting that monitoring alone did not 

influence CO. Contrary to our hypothesis, we did not observe differences in smoking 

abstinence or reductions between the EC alone and EC + CM conditions. Relative to 

baseline conditions, however, both conditions promoted smoking abstinence and reductions. 

We also observed an inverse relation between vaping and smoking: the more EC puffs, the 

greater the decrease in smoking relative to baseline (Figure 4). Overall, the results suggest 

that ECs may promote smoking abstinence and reductions, and the addition of a CM 

intervention did not improve these outcomes.

The inverse correlation between vaping and smoking is consistent with other findings: 

Frequent EC use is associated with lower self-reported cigarette smoking (Biener & 

Hargraves, 2015; Brose, Hitchman, Brown, West, & McNeill, 2015; Giovenco & Delnevo, 

2018; Hitchman, Brose, Brown, Robson, & McNeill, 2015; Levy, Yuan, Luo, & Abrams, 

2017; Subialka Nowariak, Lien, Boyle, Amato, & Beebe, 2018). Given the inverse 

correlation between EC use and CO levels, future research should determine if directly 

reinforcing EC use produces reductions in CO. The present results are also consistent with 

two RCTs that indicated higher rates of cessation with nicotine-containing versus placebo 

1The current study only pertains to daily, adult smokers. EC use in nonsmoking adolescents is a legitimate concern, but it is not 
addressed by the current study.
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ECs (Bullen et al., 2013; Caponnetto et al., 2013). Bullen et al. (2013) also compared ECs to 

a nicotine patch and found no significant differences in 6-month outcomes. These results 

suggest that ECs may decrease smoking via nicotine replacement. In the present study, 

participants received e-liquid with 24 mg/ml of nicotine. Research suggests that ECs with 

equivalent nicotine concentrations can yield the same plasma nicotine boost and 

pharmacokinetic profile as conventional cigarettes (Farsalinos et al., 2013b; Wagener et al., 

2017) even in naive smokers (Lopez et al., 2016), over the duration of smoking one 

conventional cigarette (i.e., about 5 min). Several factors affect absorption (EC device 

characteristics, puff topography, experience level of the user); thus, conclusions about 

nicotine replacement in the present study are tentative. In addition to the role of nicotine 

replacement, laboratory evidence also suggests that even when ECs do not deliver nicotine 

they can reduce self-reports of cigarette craving and urge to smoke (Vansickel et al., 2010). 

These findings parallel reductions in craving and smoking in human laboratory settings 

following smoking of denicotinized conventional cigarettes (Dallery, Houtsmuller, 

Pickworth, & Stitzer, 2003; Rose, Salley, Behm, Bates, & Westman, 2010). Smoking 

placebo ECs or cigarettes may reduce craving and smoking by mimicking some of the 

sensory and behavioral effects associated with regular smoking (Rose, 2006). However, it is 

unclear to what extent these acute effects seen in the laboratory extend to tobacco abstinence 

relief over longer periods, such as those observed during a quit attempt (Perkins, Karelitz, & 

Michael, 2015). Thus, ECs may decrease smoking by providing an alternative source of 

nicotine, and by substituting behaviors and sensations associated with smoking conventional 

cigarettes. Individual differences in the relative contributions of these effects are unknown.

Two variables may have limited the impact of CM on smoking. First, we used a relatively 

low magnitude monetary consequence compared to previous research (e.g., Dallery et al., 

2013; Halpern et al., 2018). Although some research suggests that low-magnitude CM may 

be efficacious (Corby, Roll, Ledgerwood, & Schuster, 2000; Correia & Benson, 2006; Petry 

& Martin, 2002), abstinence rates increase as an orderly function of reinforcer magnitude 

(Dallery et al., 2001; Lussier et al., 2006; Silverman, Chutuape, Bigelow, & Stitzer, 1999). 

Thus, employing higher magnitude CM during the initial weeks of the quit attempt would 

have probably promoted greater abstinence, and it may have also promoted a complete 

transition to EC use for a greater number of participants. It is possible that following such a 

transition, EC use could be sustained without relapse to smoking following removal of CM. 

Second, we did not employ a shaping phase during which gradual reductions in smoking 

were reinforced. In our previous research, we arranged a 3-4-day phase in which reductions 

from baseline CO were reinforced, and by the end of the phase CO levels needed to indicate 

abstinence for reinforcement (Dallery et al., 2013, 2017; Jarvis & Dallery, 2017). This 

procedure was included to increase the likelihood that behavior would contact the 

contingency. Indeed, in the present study, several participants (P5, P9, P12) never contacted 

the abstinence contingency. Although it is unknown if a shaping phase (as arranged in 

previous studies) would generate greater abstinence than an abrupt transition to abstinence, 

some research suggests that alternative methods to shape abstinence hold promise (Lamb et 

al., 2010; cf. Romanowich & Lamb, 2014).

There were considerable individual differences in ratings on the social validity 

questionnaire. Not surprisingly, participants who were the least successful also provided the 
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lowest ratings. For example, P5, P11, and P12 used the EC device less than the other 

participants and showed lower reductions in CO. Their ratings concerning the EC device 

were consistently the lowest (i.e., they “very strongly disagreed” with several aspects of the 

EC, Figure 5). In particular, several items that were rated negatively related to the gustatory 

and sensory characteristics of ECs, such as “Overall, it tasted like smoking a conventional 

cigarette,” “Overall, it was pleasant,” and “Overall, it feels like smoking a conventional 

cigarette.” Responses to what they liked least about the EC revealed a similar pattern: P5 

stated, “Did not really simulate/feel like a real cigarette,” P11 stated, “Bad taste,” and P12 

stated, “Adjusting the flow so it wuldnt [sic] taste as gross.” We used tobacco or menthol 

flavors (depending on conventional cigarette type reported to be smoked by each participant) 

in the present study to keep the flavor profile as consistent as possible across participants. 

Two participants, however, reported using different flavors (P8, P10). Future research should 

consider assessing flavor preferences, in addition to other EC characteristics (e.g., nicotine 

concentration), on EC use and subsequent changes in cigarette smoking (Audrain-

McGovern, Strasser, & Wileyto, 2016; Robinson, Hensel, Al-Olayan, Nonnemaker, & Lee, 

2018; Shiffman, Sembower, Pillitteri, Gerlach, & Gitchell, 2015). Despite the negative 

ratings by a few participants, most endorsed positive aspects of the EC such as its ability to 

reduce cravings, its convenience, and its overall helpfulness in quitting smoking. Sample 

responses to what they liked most about the EC indicated, “It was easy to use,” “It was a 

pain-free way to quit smoking,” “I quit,” and “Calm urges.” These results parallel a 

descriptive study of a Bluetooth-enabled EC (the Smokio) in five adults (Pearson et al., 

2017). Participants reported that the device was convenient and acceptable, and they liked 

“the ability to use the Smokio in places where they could not smoke a cigarette” (p. 6). 

Participants also rated several aspects of the CM intervention favorably. These results are 

consistent with several other studies that have examined the social validity of technology-

based CM (e.g., Dallery et al., 2013, 2017; Raiff, Jarvis, Turturici, & Dallery, 2013). 

Participants largely agreed or very strongly agreed that Mōtiv8 was easy, they liked the CO 

meter, they liked the CO progress graph, and that the program was helpful. Most open-ended 

responses also reflected ease of use, and the ability to monitor and track progress using 

Mōtiv8.

The study had several limitations. First, we assumed that recordings of EC puffs reflected 

actual puffs. We did not compare EC-recorded puffs to direct observation or biochemically 

verified nicotine levels (Thompson & Borrero, 2011). Second, we did not isolate the effects 

of goal setting in the form of setting a quit date from the effects of EC or EC + CM. 

However, because a goal of the study was to assess the effects of EC versus EC + CM during 

a quit attempt, we determined that arranging the quit attempt via goal setting was 

appropriate. In addition, because all participants were assigned a quit date, it is not a 

confound for comparisons between groups. Third, EC devices are changing rapidly, and the 

characteristics of the ECs we used may be different relative to future generation devices. 

Indeed, the Smokio is no longer available for purchase in U.S. markets, but at least one 

Joyetech EC is Bluetooth enabled. Fourth, the results only pertain to the initial weeks of a 

quit attempt, and thus longer-term patterns of EC and/or cigarette intake cannot be inferred. 

Indeed, research suggests that many EC users become “dual users” of ECs and cigarettes 

(King, Patel, Nguyen, & Dube, 2015; McMillen, Gottlieb, Shaefer, Winickoff, & Klein, 
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2014). From a harm reduction perspective, dual use may be preferable to exclusive cigarette 

smoking if it translates to a reduction in smoking. Smoking reductions can improve health 

outcomes (Hatsukami et al., 2005) and may lead to smoking abstinence (Hughes & 

Carpenter, 2006; Lindson-Hawley, Aveyard, & Hughes, 2012). However, a common concern 

is that dual use could perpetuate the addiction to nicotine and decrease the likelihood that an 

individual quits smoking (Grana, Benowitz, & Glantz, 2014; Kalkhoran & Glantz, 2016). 

Future research should investigate EC use over longer durations to determine the longer-

term utility of ECs to promote smoking cessation.

The present study represents an important first step in employing technology-based tools to 

obtain objective measures of vaping and smoking in the natural environment. Although we 

observed no meaningful differences between EC and EC + CM, several manipulations could 

improve the impact of CM (reinforcer magnitude, shaping procedures) and possibly ECs 

(flavor, device, nicotine concentration, and directly reinforcing EC use) on smoking. In some 

respects, the current methods represent an unprecedented strategy to evaluate these 

manipulations using idiographic, single-case experimental designs. Indeed, we obtained fine 

grained profiles of how an EC device may influence smoking. Several individual profiles 

emerged, from frequent vaping and smoking abstinence, to various levels of vaping and 

smoking reductions, to low rates of vaping and no meaningful changes in smoking. 

Although a goal of the present study was merely to assess these interactions, a next step is to 

understand their environmental and biological determinants. Such understanding will have 

important public health implications in the context of the continued escalation of EC use.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Carbon monoxide (CO) levels in parts per million (filled circles, primary axis) and number 

of EC puffs per day (open circles, secondary axis) across phases. BL = baseline. Horizontal 

dashed lines represent abstaining goals (CO ≤4 ppm). Arrows indicate that a participant 

reported using e-liquid not provided by researchers. The first day in EC phase corresponded 

with the quit date. Note that two CO samples are plotted consecutively along the x-axis per 

day.
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Figure 2. 
Individual carbon monoxide (CO) levels in parts per million (filled circles, primary axis) and 

number of EC puffs per day (open circles, secondary axis) across phases. BL = baseline. 

Horizontal dashed lines represent abstaining goals (CO ≤4 ppm). Arrows indicate that a 

participant reported using e-liquid not provided by researchers. The first day in EC + CM 

phase corresponded with the quit date. Note that two CO samples are plotted consecutively 

along the x-axis per day.
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Figure 3. 
Percentage of breath carbon monoxide (CO) samples that were less than or equal to 

abstinence criteria of 4 parts per million (ppm) across each phase. Dots represent data for 

each participant. Open circles represent data for participants who met abstinence criteria in 

EC phase and did not receive EC + CM. Horizontal lines represent means.
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Figure 4. 
Mean percentage change in breath carbon monoxide (CO) samples from baseline plotted as 

a function of mean EC puffs per day for each phase. Each dot represents data for a 

participant. Filled circles represent participants in the EC phase and open circles represent 

participants in the EC + CM phase.
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Figure 5. 
Acceptability ratings for the electronic cigarette. Each dot represents a score for a 

participant. Horizontal lines represent means. Responses were provided on a visual analog 

scale from 0-100 (0 = Very Strongly Disagree, 100 = Very Strongly Agree).
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Figure 6. 
Acceptability ratings for intervention procedures. Each dot represents a score for a 

participant. Horizontal lines represent means. Responses were provided on a visual analog 

scale from 0-100 (0 = Very Strongly Disagree, 100 = Very Strongly Agree). CTA = Clearing 

the Air.
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