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Abstract

Background—Models measuring the interactions between consumption of conventional 

cigarettes and electronic cigarettes (e-cigarettes) in the marketplace are becoming vital forecast 

tools as the popularity of e-cigarettes increases and policy on tobacco products changes. 

Behavioral economics, which involves the integration of psychology and consumer demand, can 

be used to measure individuals’ purchase behavior under different marketplace conditions. Our 

goal was to measure hypothetical conventional cigarette and e-cigarette purchasing among 

smokers with varying e-cigarette use patterns.

Methods—Daily cigarette smokers were recruited using Amazon Mechanical Turk, an online 

crowdsourcing tool. Participants were asked about their frequency of e-cigarette use and to 

complete hypothetical single and cross-commodity purchase tasks.

Results—Frequency of e-cigarette use differentially affected how individuals consumed both 

conventional and e- cigarettes in different hypothetical marketplace conditions. The present study 

demonstrates four main findings: 1) the demand for conventional cigarettes was the lowest in those 

with greater frequency of e-cigarette use, 2) the demand for e-cigarettes was the most in those with 

greater frequency of e-cigarette use, 3) when both products were available together, daily e-

cigarette users purchased more e-cigarettes, but e-cigarettes served as a substitute for cigarettes in 
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all groups regardless of frequency of use, and 4) the demand for conventional cigarette demand 

was lower in frequent e-cigarette users when e-cigarettes were concurrently available.

Conclusions—Together, these data suggest that price and marketplace conditions will impact 

purchasing behavior of conventional and e-cigarettes users heterogeneously. Therefore, frequency 

of use patterns should be considered when implementing novel policies and/or marketplace 

changes.
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1. INTRODUCTION

In the present tobacco marketplace, the product landscape is shifting such that prices for 

conventional cigarettes are increasing at the same time that alternative nicotine delivery 

products, like electronic cigarettes (e-cigarettes), are becoming more prevalent (King et al., 

2013; McMillen et al., 2015). In fact, based on the recent Population Assessment of Tobacco 

and Health (PATH) data, the prevalence of e-cigarette use was 5.5% of adults, which 

represents approximately 13.7 million people in the U.S. (Kasza et al., 2016). Moreover, 

frequent e-cigarette use (using 20 out of the past 30 days) was reportedly 1.5%, which would 

represent approximately 3.7 million Americans. Interestingly, adults who are most likely to 

use e-cigarettes are those who are current cigarette smokers, compared to former and never 

smokers (Caraballo et al., 2016; Delnevo et al., 2016). Consequently, most e-cigarette users 

are, to some degree, dual users who are faced with many choices in the marketplace.

When making purchasing choices in the tobacco marketplace, the extent to which (i.e., 

frequency) an individual uses conventional or e- cigarettes or both, can impact their demand 

for different products. For example, greater conventional cigarette valuation was 

demonstrated by those who smoke cigarettes more frequently (Mackillop et al., 2008; 

Murphy et al., 2011). A gap in our knowledge, however, is how different frequency of use 

patterns for e-cigarettes will influence consumer behavior in the marketplace under various 

conditions. Therefore, forecast tools to model interactions between individuals’ product use 

patterns, types of products (e.g., conventional cigarettes and e-cigarettes), and their prices, 

are needed to clarify their effects on consumer behavior on a greater scale.

Behavioral economics, which involves the integration of psychology and consumer demand, 

can measure hypothetical purchase behavior for a commodity under different market 

conditions (Hursh, 1984). The hypothetical purchase task, for example, can be implemented 

to examine the number of commodities (e.g., cigarettes or e-cigarettes) an individual may 

hypothetically purchase at increasing prices (Jacobs and Bickel, 1999). Consistent with 

consumer-demand theory, commodity consumption has been demonstrated to decline with 

greater prices, generating what is known as a demand curve (Hursh, 1984; Mackillop et al., 

2008). A behavioral economic demand curve can yield two important parameters that 

describe an individuals’ valuation for cigarettes, 1) the intensity of the demand (i.e., Q0; total 

purchases at free price); and 2) the elasticity of demand (i.e., alpha; sensitivity to price) 

(Hursh, 1984; Hursh and Silberberg, 2008). Consequently, this procedure can be used to 
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experimentally demonstrate decreases in consumption of conventional or e-cigarettes as a 

function of increasing price (Grace et al., 2015a; Huang et al., 2014; MacKillop et al., 2012).

Behavioral economic procedures can also assess the interaction of multiple commodities 

available concurrently. That is, as the price of commodity A increases, a concurrently 

available and constantly priced commodity B can act as a substitute (i.e., consumption 

increases), complement (i.e., consumption decreases), or not impact consumption of the 

other product (i.e., independence) (Bickel et al., 1995). The interaction that emerges between 

the two commodities is a product of the valuation of the alternative as defined by its 

magnitude and the relative prices of both commodities (Bickel et al., 1995). Therefore, in 

addition to empirical measurement of conventional and e-cigarettes alone, identifying how 

alternative nicotine products interact when available together can help to predict the way in 

which consumers, may substitute, complement, or alter purchasing independently as a 

function of the valuation and relative prices of the products in a variety of marketplace 

conditions.

Several reports have previously demonstrated that conventional and e-cigarettes interact. For 

example, a study conducted in New Zealand (N=210) reported that daily smokers substituted 

concurrently available e-cigarettes for conventional cigarettes when the price of cigarettes 

increased (Grace et al., 2015a). Moreover, purchasing patterns can differ based on the 

availability of alternative products. Previous studies have shown that consumption of 

conventional cigarettes is reduced when alternative commodities (i.e., e-cigarettes, de-

nicotinized cigarettes, gum, and/or money) are available (Grace et al., 2015b; Johnson et al., 

2004; Johnson and Bickel, 2003; Quisenberry et al., 2016). This second finding emphasizes 

an additionally relevant variable for predicting consumer behavior–marketplace availability 

of alternative products.

Examination of these interactions may help shed light on the impact of conventional 

cigarette taxation or bans, and or e-cigarette subsidies/vouchers. However, such price 

modifications will not impact the market homogeneously. That is, perhaps increasing 

cigarette price will cause some smokers to quit smoking entirely and others to increase 

consumption of alternatives more readily. Importantly, hypothetical purchases are correlated 

with purchases of laboratory-based real and potentially real cigarettes (Wilson et al., 2016).

Therefore, hypothetical purchases provide reasonable indications for how individuals may 

consume these products in the real world. Therefore, the present study examines how an 

individual will purchase both conventional cigarettes and e-cigarettes alone and in 

combination as a function of price and the frequency with which they currently use e-

cigarettes. Based upon our earlier studies with conventional cigarettes, we hypothesized that 

the frequency of e-cigarette use would 1) reduce demand (lower intensity and raise 

elasticity) for conventional cigarettes, 2) increase demand for e-cigarettes, and 3) interact 

with conventional cigarettes whereby demand would decrease for cigarettes giving rise to 

increased substitution for e-cigarettes.
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2. MATERIAL AND METHODS

2.1 Participants

Participants (N=385) who were U.S. registrants of Amazon Mechanical Turk, a crowd-

sourcing service, accessed the Human Intelligence Test (HIT) titled “Hypothetical purchase 

research on cigarettes and e-cigarettes”. Participant eligibility requirements included being 

at least 18 years of age, smoke 10 or more cigarettes per day, and have at least a 90% 

approval rating from previous HITs. The participants who were eligible to accept the HIT 

implied consent when the participant indicated they understood the study description and 

accepted the HIT. No personally identifiable data were collected. All procedures in this 

study were reviewed and approved by Virginia Tech’s Institutional Review Board.

2.2 Procedure

Participants were first asked to provide some general demographic information (i.e., age, 

gender, income, race). Participants were asked to indicate all races that applied to them, 

including American Indian or Alaskan Native, Asian, Black or African American, Native 

Hawaiian or Other Pacific Islander, White/Caucasian, and/or Other.

Next, participants were asked to provide answers to several brief questionnaires including 

how many cigarettes they smoked per day, the Fagerstrom test for nicotine dependence 

(FTND) (Heatherton et al., 1991), perceived health risk of cigarettes (Hatsukami et al., 

2016), whether or not they were trying to quit smoking cigarettes (or had immediate plans to 

do so), and how frequently they used e-cigarettes. The participants then completed a series 

of hypothetical purchase tasks based on the cigarette purchased task (Jacobs and Bickel, 

1999; described in detail below). Participants also completed a series of other behavioral 

tasks as part of a larger unpublished study, the results of which did not influence the current 

data and are not reported here. 2.2.1 Frequency of E-cigarette Use Participants were asked to 

indicate their frequency of use of e-cigarettes from one of the following options: “More than 

20 times per day”, “11–20 times per day”, “1–10 times per day”, “4–6 times a week”, “1–3 

times week”, “1–3 times a month”, “Less than once a month”, I did not use e-cigarettes in 

the past six months, but I have in the past”, or “Never”. These choices were then combined 

to create “Daily”, “Weekly”, “Monthly”, Less than once in 6 months”, and “Never user” 

frequency groups for data analysis.

2.2.2 Hypothetical Purchase Tasks

2.2.2.1 Cigarettes alone: During this task, participants were asked to indicate how many 

single cigarettes they would purchase if they were available at incrementally increasing 

prices ($0, $0.12, $0.25, $0.50, $1). Participants were asked to assume they were purchasing 

cigarettes for their own consumption in a 24-hour period and that they did not have access to 

cigarettes outside of the present task. Participants were also instructed not to assume they 

could stock-pile or give away any of the hypothetical cigarettes they were purchasing.

2.2.2.2 E-cigarettes alone: Participants were asked to indicate how many disposable e-

cigarettes they would purchase if they were available at incrementally increasing prices ($0, 

$3, $6, $12, $24). Participants were asked to assume they were purchasing e-cigarettes for 
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their own consumption over a 24-hour period and that they did not have access to any other 

nicotine product outside of the present task. Again, participants were instructed not to 

assume they could stock-pile or give away any of the hypothetical e-cigarettes they were 

purchasing.

2.2.2.3 Cigarettes and E-cigarettes available concurrently: Participants completed a 

hypothetical cross-price purchase task. In this task participants were asked to input of the 

number of cigarettes and e-cigarettes they would hypothetically purchase when the two were 

concurrently available. In each trial the price of individual cigarettes increased ($0, 0.12, 

0.25, 0.50, 1.00), while e-cigarette price ($7.73) remained fixed.

2.2.2.4 Price Determinations: The prices for both individual cigarettes and e-cigarettes 

were chosen to provide a range of prices surrounding approximate retail values. The fixed 

price of the disposable e-cigarettes fell in the middle of the price progression used in the e-

cigarette alone condition and was the average of the prices for several commercially 

available disposable cigarettes.

2.3 Data Analysis

Prior to analysis, all purchase data was subjected to exclusion criteria described by Stein et 

al. (2015) to ensure systematic and valid data. Specifically, these criteria included violations 

of Trend in purchase progressions (i.e., increasing purchasing over successively increasing 

prices), Bounce purchase progressions (i.e., greater than 25% increase in consumption 

compared to initial consumption at the lowest price), and Non-consumption (i.e., zero 

purchases at any price). Additionally, hypothetical purchase of >200 cigarettes and/or 100 

disposable e-cigarettes for use over a 24-hour period at any price was considered a violation 

of Overconsumption. Table 1 reports the number of participants excluded from each 

purchase task as a function of criterion type violation.

Purchase of (i.e., demand for) conventional or e-cigarettes with progressive increases in 

price was analyzed by fitting purchase data with the exponentiated behavioral economics 

demand model (Koffarnus et al., 2015). Individuals’ purchasing data from the cigarettes 

alone and cross-price (cigarettes + e-cigarettes available) tasks, were fit to this equation. 

Generated alphas and Q0’s were compared between frequency groups by using a non-

parametric Kruskal Wallis test with Dunn’s multiple comparisons tests. Non-parametric 

analyses were used because of the excessive skew and kurtosis of alpha and Q0 measures 

here that could not be corrected by transformation (Leech and Onwuegbuzie, 2002; 

Onwuegbuzie and Daniel, 2002). Demand for e-cigarettes during the e-cigarettes alone task 

was assessed using only group demand curve fits. Group curve fits were necessary in this 

condition to accurately account for the Non-consumption in the groups that rarely/never 

used e-cigarettes. Between-group analyses of the group curves included a one-way ANOVA 

and Tukey multiple comparison’s post hocs.

We acknowledge that the process of demand exhibits a total of five different “facets”: alpha, 

Q0, Pmax, Omax, and breakpoint (Bickel et al., 2000). However, demand can be separated 

into two factors, “persistence” (i.e., sensitivity to price composed predominantly of alpha, 

Pmax, Omax, and breakpoint) and “amplitude”, (i.e., composed predominantly of Q0 and 
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(lesser so) Omax), suggesting significant overlap between these facet measures (Mackillop 

et al., 2009; O’Connor et al., 2016). In all instances of demand of the present study, alpha 

was significantly correlated with Pmax, Omax, and breakpoint. Moreover, Q0 was correlated 

with Omax in the majority of demand instances. Therefore, we opted to omit discussion and 

analyses of Pmax, Omax, and breakpoint to retain parsimony among the results and 

interpretations.

Group e-cigarette substitution curves were fit using the cross-price elasticity of demand 

equation by (Hursh and Roma, 2013). The I term (i.e., interaction), b term (sensitivity to 

price), and Qalone (consumption of fixed-price e-cigarettes while price of cigarettes go to 

infinity) were all generated from the equation and differences between group fit terms were 

analyzed using a one-way ANOVA. Two 2-way ANOVAs (between frequency group, within 

prices) and subsequent Tukey’s multiple comparison’s post hocs were also performed on the 

cigarette + e-cigarette task purchase data to assess differences in purchasing and substitution 

at each price-point between frequency groups.

We used a modified version of the Pearson chi squared test (Cochran-Armitage test for 

trend) to assess differences in the demographic variables exclusion criteria types between 

frequency groups. The Cochran-Armitage test can be used to test for a linear trend of more 

than two nominal variables when input in a logical order (e.g., daily–never users). All 

statistical analyses were performed using Graphpad Prism 7a for Mac OS X (GraphPad 

Software, La Jolla California USA).

3. RESULTS

Demographic variables of the participants in each of the frequency groups are presented in 

Table 2. Frequency groups did not differ significantly in any demographic variables, number 

of reported cigarettes smoked per day, Fagerstrom score, or perceived health risk of 

cigarettes. All participants were also asked a “yes” or “no” question about whether they 

were trying to quit smoking cigarettes or had immediate plans to do so. The percent of 

participants quitting cigarettes in each group increased with increases in frequency of e-

cigarette use. The chi-square test for trend revealed a significant trend in percent of 

participants quitting smoking conventional cigarettes by frequency group, X2 (1, N = 369) = 

31.32, p<0.0001; d = 0.61.

3.1 Cigarettes alone

Table 1 reports the total number of participant datasets removed from analyses for cigarettes 

alone due to violation of Trend, Bounce, or Over-consumption criteria. Chi-square for trend 

analyses revealed no significant trends in the exclusions between frequency groups.

With the remaining datasets, Figure 1A depicts the fitted group demand curves for cigarettes 

between the frequency groups when cigarettes were available alone at increasing prices. The 

group curves fit well (R2 ranged between 0.90 – 0.994) and elasticity increases with 

increasing e-cigarette frequency. When alpha and Q0 values were generated from individual 

curves, mean (SEM) R2 curve fits were also reasonable: Daily, 0.836 (0.011); Weekly, 0.845 

(0.014); Monthly, 0.863 (0.013); Less than once in 6 months, 0.838 (0.017); and Never 
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users, 0.827 (0.010). A Kruskal-Wallis test revealed significant differences between the 

alpha values, H (4,339) = 15.87, p = 0.0032, d = 0.38 (See Figure 1B). Dunn’s multiple 

comparison post-hoc tests indicated that daily and monthly e-cigarette users had 

significantly higher alpha values for cigarettes than never e-cigarette users, p<0.05. No 

significant difference was present between frequency groups for intensity of demand (Q0, 

Figure 1C).

3.2 E-cigarettes alone

Table 1 reports the total number of participant datasets to violate criteria. A significant trend 

emerged in Zero-consumption between frequency of e-cigarette use groups (X2 (1, N = 385) 

= 16.2, p<0.0001, d = 0.42). Specifically, zero consumption of e-cigarettes occurred more 

often in the less frequent e-cigarette users when e-cigarettes were available alone.

To compare differences between the frequency groups demand parameters, group fit curves 

were used in order to best account for these systematic differences in e-cigarette non-

consumption. All data was included except for instances of Bounce and Over-consumption 

violations (Figure 2A). One-way ANOVA analyses of the group curve alpha (Figure 2B) and 

Q0s (Figure 2C) between frequency groups reported significant results F(4,366) = 14.85, 

p<0.0001, d = 3.80 and F(4,366) = 27.02, p < 0.0001, d = 2.67, respectively. Tukey post hoc 

comparisons indicated significant differences of alpha values between all groups with the 

exception of daily and weekly; daily and never users; and weekly and never users (p<0.05). 

Moreover, Tukey post hoc comparisons of Q0 indicated significant differences between 

between all groups with the exception of daily and monthly; daily and less than once in 6 

months, weekly and never users; and monthly and less than onces in 6 months (p<0.05).

3.3 Cross-Price Purchasing of Cigarettes and E-cigarettes Together

As shown in Table 1, no differences in violations of any type were observed between 

frequency groups as determined by chi-square tests. Overall, cigarette demand decreased 

with increasing cigarette price in all frequency groups shown by group curves (R2 values 

between 0.914–0.991) in Figure 3A. Individual curves were also fit to compare alpha 

(Figure 3B) and Q0 (Figure 3D) values between frequency groups. The mean R2 (±SEM) for 

individual curve fits were: Daily, 0.76 (0.016), Weekly, 0.83 (0.016), Monthly, 0.82 (0.019), 

Less than once in 6 months, 0.77 (0.013), Never users, 0.82 (0.012). A single individual 

curve fit from the Less than once in 6 months frequency group was excluded due to an 

ambiguous fit. A Kruskal-Wallis test reported a significant difference between alpha values 

of frequency groups (H (4,319) = 20.43, p = 0.0004, d = 0.46), but no significant difference 

in Q0’s. Dunn’s multiple comparison’s post-hoc tests revealed significantly more elasticity 

of the demand curve (i.e., higher alpha) in the daily and monthly e-cigarette users compared 

to never users (p<0.05).

We also examined differences in cigarette purchasing between frequency groups at each 

price-point. A 2-way ANOVA (between group, within price) found significant main effects 

of frequency group F(4,321) = 3.684, p = 0.0060, ηp
2 = 0.077, and price F(4,1284) = 253.3, 

p<0.0001, ηp
2 = 0.44. Tukey’s multiple comparisons post-hoc analyses revealed that 

significantly (p<0.05) more cigarettes were purchased by the Never users group compared to 
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the Daily users group at all prices, except for $1, and compared to the Weekly users group 

when cigarettes were $0.25 (see Figure 3A).

The concurrent substitution of e-cigarette purchasing was compared between frequency 

groups. Non-linear substitution curves were fit using Hursh and Roma’s (2013) cross-price 

elasticity of demand equation. Group curve fits ranged between R2 = 0.969–0.996. The 

calculated I-term (i.e., interaction) was negative for all groups demonstrating a reciprocal 

relationship between cigarettes and e-cigarettes; that is, substitution. The group fit I-term 

(±SEM) calculated for each group was: Daily, −0.55 (0.17); Weekly, -0.77 (0.18); Monthly, 

−1.2 (0.18); Less than once in 6 months, −1.03 (0.15); Never users, −1.83 (0.80). However, 

no significant differences emerged between frequency groups I term, b term, or Qalone.

Differences in e-cigarette purchasing between groups were demonstrated when comparing 

purchasing at each price point. A 2-way ANOVA reported significant main effects of 

frequency group F(4,312) = 5.207, p = 0.0005, ηp
2 = 0.13 and price F(4,1248) = 103.2, p< 

0.0001, ηp
2 = 0.29 emerged. Tukey’s multiple comparison’s post-hoc analyses revealed 

significant differences in e-cigarette purchases between daily and never users at all prices 

except for $1, daily and monthly users at $0 and $0.12, and weekly and never users at $0.50, 

p<0.05 (Figure 3C).

3.3.1 Commodity availability—Finally, differences were apparent in purchasing demand 

for cigarettes based on the commodities available at the time between daily and never e-

cigarette users. Figure 4A illustrates the group demand curves for the daily users group 

comparing their cigarette purchasing between task type (i.e., cigarettes alone vs. cigarettes + 

e-cigarettes; R2=0.94 and 0.92). When individual curves (mean R2 (±SEM) for cigarettes 

alone, 0.84 (0.01); cigs + e-cigs, 0.76 (0.019)) were fit, alpha levels were compared using a 

paired t-test (Figure 4B). A significant effect emerged (t(63) = 3.83, p = 0.0003, d = 0.55) in 

which demand elasticity was greater for the daily users when e-cigarettes were available 

concurrently. Demand intensities (Q0; Figure 4C) were not significantly different between 

task types. Group (R2= 0.98 and 0.97) and individual curves (cigarettes alone R2 = 0.83 

(0.010); cigs + e-cigs R2 = 0.80 (0.012) were fit for both task types in the never e-cig user 

frequency group (Figure 4D). When individual curve fit alphas and Q0’s were compared, no 

significant differences were present (Figures 4E&F).

4. DISCUSSION

Frequency of use of e-cigarettes differentially affected how individuals consumed both 

conventional cigarettes and e-cigarettes in response to different hypothetical marketplace 

conditions, regardless of similar conventional cigarette use patterns in the real world. The 

following key findings from the present study revealed that in general: 1) the demand for 

conventional cigarettes alone decreased with greater frequency of e-cigarette use, 2) the 

demand for e-cigarettes alone increased with greater frequency of e-cigarette use, 3) when 

both products were available together, never users of e-cigarettes defended consumption of 

conventional cigarettes while e-cigarette users purchased more e-cigarettes, but e-cigarettes 

served as a substitute for cigarettes in all groups regardless of frequency of use, and 4) the 
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demand for conventional cigarettes decreased in frequent e-cigarette users when e-cigarettes 

were concurrently available.

We note that across the e-cigarette frequency groups, participants reported similar cigarette 

daily intake, dependence, and perception of health risk, however, more frequent e-cigarette 

users tended to report intention to quit smoking cigarettes. These findings are consistent with 

the demonstration that smokers who use e-cigarettes were significantly more likely to report 

intention to quit smoking compared to non-e-cigarette users (Rutten et al., 2015). However, 

we observed no significant differences in demand parameters in any task between 

participants who reported intentions to quit compared to those who did not. Also, intention 

to quit did not significantly contribute to the difference in e-cigarette substitution between 

frequency groups when included as a co-variate. The following provides further discussion 

of each of the first key findings.

First, consumer demand economics predicts; as the price of commodity A increases, total 

consumption of that commodity will decline non-linearly (Hursh, 1984). Many reports have 

demonstrated this sensitivity to increasing prices in cigarettes (e.g., Bickel et al., 2016; 

Bickel and Madden, 1999; Johnson and Bickel, 2003; Mackillop et al., 2008), supporting 

that increasing the excise tax on cigarettes will reduce cigarette consumption on a larger 

scale (Chaloupka and Warner, 2000; Lewit and Coate, 1982). Grace et al. (2015a) examined 

the effects on cigarette demand before and after a 10% increase on tobacco excise tax in 

New Zealand. The authors demonstrated that daily smokers’ demand for cigarettes was 

significantly reduced after the initiation of the tax, suggesting that price increases and tax 

implementation reduce cigarette demand. Similarly, the present study found that when 

cigarettes were available alone, demand for cigarettes declined non-linearly for all groups. 

However, demand elasticity was higher in those who used e-cigarettes daily, suggesting 

individual differences in demand as a function of e-cigarette use patterns. Moreover, 

although naturalistic cigarette use and cigarette dependence is associated with higher 

demand intensity and lower elasticity in cigarette smokers (Mackillop et al., 2008; Murphy 

et al., 2011), the frequency of e-cigarette use groups in the present sample did not differ on 

FTND score or cigarettes smoked per day therefore suggesting that frequency of e-cigarette 

use manipulates cigarette valuation independently.

Second, greater frequency of e-cigarette use increased demand for e-cigarettes. That is, the 

demand intensity for e-cigarettes was significantly higher and elasticity significantly lower 

in those who used e-cigarettes more frequently, with the exception of the never users 

(implications discussed below). Interestingly, demand for e-cigarettes across frequency 

groups was between 2.5–12.5 times lower compared to the conventional cigarette demand 

elasticities. These findings are consistent with others who have found that e-cigarettes are 

more sensitive to increases in price (Huang et al., 2014; Stoklosa et al., 2016). Importantly 

however, we note that the never users did not follow the linear pattern of decreased demand 

for e-cigarettes. That is, in contrast to our hypotheses, never users reported greater demand 

for e-cigarettes when they were available alone. We asked all participants to hypothetically 

purchase e-cigarettes in a close economy situation (i.e., they would not have access to 

alternative sources of nicotine outside of the current purchases for 24 hours). Without 

previous experience with e-cigarettes, purchasing the precise amount of e-cigarettes likely to 
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be consumed in one day would be challenging for a naïve e-cigarette user. Although future 

research will need to better understand this phenomenon, the results suggest that in a 

marketplace in which cigarettes are no longer available, regular smokers who do not have 

prior experience with e-cigarettes will likely over-purchase initially.

Third, when cigarettes and e-cigarettes were available concurrently, never users defended 

consumption of cigarettes (i.e., higher alpha) compared to the more frequent users and 

substitution of e-cigarettes for conventional cigarettes was present in a frequency of use-

dependent fashion. Although all groups substituted e-cigarettes at the highest cigarette 

prices, frequent e-cigarette users purchased more e-cigarettes at lower cigarette prices and 

substituted earlier. These data are consistent with other demonstrations that alternative 

products (i.e., dissolvables, Snus, lozenges, cigarillos, dip, nicotine gum, de-nicotinized 

cigarettes), including e-cigarettes, are substitutes for conventional cigarettes (Grace et al., 

2015b; Johnson et al., 2004; Johnson and Bickel, 2003; O’Connor et al., 2014; Quisenberry 

et al., 2016; Stoklosa et al., 2016) in smoker populations. However frequency of e-cigarette 

use patterns were either not reported or current e-cigarette users were excluded from these 

samples. Therefore, the present study’s findings expand upon this data and highlight the 

importance of assessing individual factors (e.g., frequency of use patterns) .

Fourth and finally, even while conventional cigarettes were consistently available, the 

availability of the alternative in the marketplace altered demand for cigarettes differentially 

across frequency groups. That is, when conventional cigarettes were available alone, both 

daily and never e-cigarette users purchased cigarettes similarly. Because both groups are 

comprised of daily smokers, within this closed economy, similar cigarette demand was 

predicted. However, when e-cigarettes were concurrently available, daily e-cigarette users 

significantly reduced their intensity and increased demand elasticity for conventional 

cigarettes, compared to never e-cigarette users. This reduction provides an additional way to 

measure the valuation of e-cigarettes among our users. Johnson et al.(Johnson et al., 2004) 

found that the availability of denicotinized cigarettes significantly reduced consumption of 

cigarettes, whereas concurrently available nicotine gum did not, suggesting that perhaps 

nicotine gum was a less influential alternative. Therefore, valuation of the alternatives may 

be inferred by the extent of demand change when 2 or more are available concurrently.

As an initial evaluation of the effects of frequency of e-cigarette use on conventional and e-

cigarette consumption within multiple hypothetical marketplace scenarios, the present study 

was not without limitations. During these tasks only disposable e-cigarettes were made 

available (in contrast to higher generation devices) and no additional information was 

provided to the participants regarding the brand/type of disposable e-cigarette, nicotine 

strength, and/or how disposable e-cigarettes generally compare to conventional cigarettes. 

Although potentially a limitation, this methodology allowed for a better representation of 

how all frequency groups, particularly naïve users, may alter their behavior in different price 

conditions given only their previous experience. Disposable e-cigarettes are more accessible 

to all types of smokers in that they are available in the same marketplace as their cigarettes 

(convenience stores and gas stations) and disposable e-cigarette do not require large upfront 

costs for tank-based devices. Therefore, comparing the purchase behavior for only 

conventional cigarettes and disposable e-cigarettes allowed for measurement of consumption 
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of two relatively equivalent products by all groups. Moreover, because the instructions were 

worded to indicate that the participant should assume he/she would not have access to any 

other form of tobacco or nicotine other than that purchased in the task, we anticipate the 

frequent users of e-cigarettes could better titrate their purchasing of disposable e-cigarettes, 

given their experience, even if they primarily use 2nd and 3rd generation e-cigarettes. Finally, 

we acknowledge that omitting the information about e-cigarette nicotine strength may have 

led to varied assumptions about the product and likely produced challenges for naïve users. 

However, these methods still led to orderly results and, interestingly, a demonstration that 

never users may initially adopt these products by overconsuming them before learning to 

titrate to their nicotine needs.

Although not explicitly measured, we note that other characteristics of the e-cigarette itself 

such as flavor may alter purchasing. In fact, interest in e-cigarettes significantly varies by 

flavor (Shiffman et al., 2015) and flavors are important to users who reported trying to quit 

(Farsalinos et al., 2013). Therefore, considerations for other aspects of e-cigarette use such 

as flavors, system personalization, or social reinforcement should be considered in future 

studies examining e-cigarette value. Moreover, because e-cigarettes and cigarettes are 

consumed differentially (i.e., periodic puffing compared to rapid bouts of smoking), future 

demand analyses should consider demand tasks aimed to examine the intensity and elasticity 

of single puffs, while accounting for their frequency and/or their volume.

Nonetheless, the findings from the present study are important because hypothetical 

purchase task data can be used as a predictive tool for consumer behavior. The data suggests 

that product purchasing will not change homogeneously in the presence of rapid shift in the 

tobacco marketplace. For example, when conventional cigarettes were available alone, the 

significant increases in elasticity demonstrated by frequent e-cigarette users may implicate 

that a subset of daily smokers are more likely to decrease use significantly leading to the 

potential for quitting entirely in the face of increasing cigarette tax. In contrast, if cigarettes 

were banned and no other alternative were available, smokers would use e-cigarettes to some 

extent yet naïve e-cigarettes users would not sustain use with increasing price points. 

Moreover, when available together, frequent e-cigarette users will substitute e-cigarettes 

more readily, suggesting a potential for them to discontinue conventional cigarette use 

altogether. While we acknowledge that these implications are currently speculation, the 

empirical evidence from the present study provide support for examining patterns of 

frequency of use to make better predictions and target subsets of the smoker population prior 

to implementing novel policies and/or market changes.
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HIGHLIGHTS

• Behavioral economics may be used to predict demand among dual users

• Price and marketplace conditions do not affect frequency groups 

homogeneously

• Frequent e-cigarette users showed lower cigarette demand

• Frequent e-cigarette users showed higher e-cigarette demand

• Frequent e-cigarette users showed greater e-cigarette substitution from 

cigarettes
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Figure 1. 
Cigarette purchases by frequency of e-cigarette use group when cigarettes were available 

alone. Panel A illustrates the group curve fits. Panel B represents the demand elasticities for 

individual curve fits for each frequency group. Panel C is the demand intensities derived 

from individual curve fits in each group. In B and C, bar columns represent group means 

(SEM). *p<0.5 difference from Daily group. #p<0.05 difference from Monthly group.
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Figure 2. 
E-cigarette purchases by frequency of e-cigarette use group when e-cigarettes were available 

alone. Panel A illustrates the group curve fits. Panel B and C represent the demand 

elasticities and demand intensities derived from the group fits when Bounce and 

Overconsumption violations were excluded. In B and C, the bar columns represent group 

means (SEM). *p<0.05 difference from Daily group. &p<0.05 difference from Weekly 

group. #p<0.05 difference from Monthly group. $p<0.05 difference from Less than once in 6 

months group.
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Figure 3. 
Concurrent cigarette and e-cigarette demand and substitution. Panel A represents group 

curve fits of cigarette purchases. Panel B and D represent the demand elasticities and 

intensities derived from individual curve fits for each frequency group. Panel C illustrates 

the substitution of e-cigarette purchases when cigarette price increased. All symbols and 

bars represent group means (SEM). *p<0.05 difference from Daily group. &p<0.05 

difference from Weekly group. $p<0.05 difference from Less than once in 6 months group. 

^p<0.05 difference from Never users.
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Figure 4. 
Cigarette purchases by frequency groups based on the availability of the e-cigarette 

alternative. Panel A represents the group curve fits of daily e-cigarette users demand for 

conventional cigarettes during two different market conditions. Panels B and C represent the 

demand elasticities and intensities derived from individual curve fits for each condition type 

(i.e., cigarettes alone or cigarettes + e-cigarettes). Panel D represents the group curve fits for 

the never e-cigarette users for conventional cigarettes during both marketplace conditions. 

Panels E & F illustrate the elasticities and intensities derived from individual curve fits. 

*p<0.05.
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Table 3

Demand parameters alpha and Q0 for each frequency group by task type. Reported values are average group 

values (±SEM). Values for cigarettes alone and cigarettes + e-cigarettes available are derived from individual 

demand curve fits. Values for e-cigarettes alone are derived from group curve fits.

Alpha (±SEM) Q0(±SEM)

Cigs Alone

Daily 0.048 (0.0093) ^ 25.44 (1.76)

Weekly 0.039 (0.0074) 29.51 (3.30)

Monthly 0.070 (0.022)^ 26.17 (2.36)

Less than once in 6 months 0.066 (0.028) 26.19 (2.44)

Never users 0.033 (0.0060)*# 27.47 (1.67)

E-cigs Alone

Daily 0.0063 (0.00048)#$ 9.61 (0.33)&^

Weekly 0.0063 (0.00058)#$ 12.53 (0.48)*#$

Monthly 0.0091 (0.00081)*&$^ 8.08 (0.31)&^

Less than once in 6 months 0.013 (0.00097)*&#^ 8.23 (0.23)&^

Never users 0.0056 (0.00064)#$ 13.94 (0.66)*#$

Cigs + e-cigs Available

Daily 0.084 (0.016)^ 21.07 (2.16)

Weekly 0.052 (0.012)^ 23.47 (1.84)

Monthly 0.041 (0.011) 23.96 (2.46)

Less than once in 6 months 0.048 (0.017) 21.16 (1.60)

Never users 0.024 (0.005)*& 22.18 (2.20)

*
p<0.05 difference from Daily group.

&
p<0.05 difference from Weekly group.

#
p<0.05 difference from Monthly group.

$
p<0.05 difference from Less than once in 6 months group.

^
p<0.05 difference from the Never users group.
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