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Abstract

Introduction: Adequate evaluation of novel tobacco products must include investigation of con-
sumers’ psychological response to such products. Traditionally, subjective scales of product liking 
have been used to assess consumer acceptability of tobacco products. However, subjective scales 
may miss cognitive changes that can only be captured by direct neurophysiological assessment. 
The present investigation explored the viability of using electroencephalography (EEG), in com-
bination with traditional subjective measures, to assess consumer acceptability of five smoke-
less tobacco products. Given previous work linking product liking to arousal/attentional (executive 
function) enhancement, we focused on EEG measures of attention/arousal to objectively character-
ize cognitive changes associated with tobacco product use.
Methods: During five separate laboratory visits, smokeless tobacco users used Verve discs, Ariva 
dissolvables, Skoal snuff, Camel snus, or Nicorette lozenges. The N2 and P3b event-related poten-
tial components elicited by an oddball task were used to index attentional changes before/after 
product usage. Additionally, resting state alpha band EEG activity was analyzed before/after prod-
uct usage to index cortical arousal.
Results: Although analyses of the subjective results provided limited inference, analyses of the 
electrophysiological measures, particularly the alpha suppression measure, revealed robust dif-
ferences between products. Skoal elicited significantly enhanced alpha suppression compared to 
all four other products tested. Additionally, alpha suppression was found to correlate positively 
with subjective measures of satisfaction and psychological reward, but was unrelated to perceived 
aversion.
Conclusions: The present results provide evidence that electrophysiological measures can yield 
important insights into consumer acceptability of novel tobacco products and are a valuable com-
plement to subjective measures.
Implications: This study is the first to employ a combination of electrophysiological measures and 
traditional subjective assays in order to assess the consumer acceptability of smokeless tobacco 
products. The results highlight the importance of adopting a multidimensional/multi-method 
approach to studying the consumer acceptability of tobacco products.
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Introduction

Effective regulation of novel tobacco products relies on strong sci-
entific evidence to inform policy makers. It is well known that the 
adverse effects of tobacco product toxicity are directly related to 
the extent and duration of product use.1 A  recent model suggests 
that adoption and long term use of novel tobacco products is influ-
enced by perceptions of the product (in turn influenced by advertis-
ing, social norms, perceived safety, etc.) as well as the direct product 
response (sensory effects, satisfaction, psychological reward, etc).2 
Therefore, in addition to consideration of product toxicity, the scien-
tific assessment of consumer acceptability is an essential component 
of tobacco product evaluation.

Traditionally, assessment of smoked tobacco products, and 
more recently smokeless tobacco products,3–5 has relied primarily 
on subjective evaluations to inform measures of consumer accept-
ability. Various subjective reporting methods have long and well-
validated histories in determining product satisfaction,6 as well as 
a given product’s ability to diminish smoking urges.7 While useful, 
subjective reports may be limited in their ability to fully the capture 
consumers’ response to novel tobacco products. For example, it has 
previously been demonstrated that the ability of a tobacco product 
to alter executive function, such as attention/arousal (also referred 
to as “cognitive control”), is directly related to product use.8–11 That 
is, one of the hallmarks of a tobacco product that is deemed “accept-
able” to consumers is the ability of the product to enhance executive 
control. However, direct measures of executive control are not typi-
cally employed when assessing the consumer acceptability of novel 
tobacco products. Therefore, neurocognitive assessments, such as 
electroencephalography (EEG), that provide objective measurements 
of specific cognitive functions may provide an ideal complement to 
traditional subjective measures in evaluating tobacco products.

Scalp-recorded EEG provides a noninvasive and cost-effective 
method to assess brain function in real time. EEG can measure spe-
cific cognitive processes, such as attention and arousal, which have 
been linked to tobacco use and abuse.8–11 When EEG is recorded 
during a target detection task, target detection is typically associated 
with two event-related potential (ERP) components: the N2 and P3b 
components. In visual tasks, N2 is believed to reflect the allocation 
of attention toward sensory information.12 The P3b is also believed 
to be influenced by attention, but additionally reflects higher-order 
processes such the updating of working memory,13 the outcome of 
decision processes,14 or the decision process itself.15 EEG record-
ings when participants are not engaged in a task, but in a “resting 
state,” have also proven useful for delineating cognitive function. 
For example, it’s well established that EEG alpha band power (8–12 
Hz) is negatively correlated with arousal levels.16,17 Given that one 
of the most commonly reported reasons individuals use tobacco is 
to improve attention and arousal,8–11 assessing N2, P3b, and alpha 
suppression before and after product usage may prove useful in 
objectively identifying which tobacco products elicit a preferential 
response. In line with this notion, previous research has shown that 
traditional cigarettes, or nicotine alone, can enhance alpha suppres-
sion,18–21 N2,22 and P3b amplitude.22–24

EEG and ERPs have previously been used as a way to assess 
the effect of tobacco or nicotine on attention and brain state 
arousal.18,23,25–30 However, to our knowledge, this is the first study 
employing EEG in conjunction with traditional subjective measures 
of consumer acceptability in order to compare a variety of smoke-
less tobacco products. Given recent interest in using some smokeless 
tobacco products as possible harm reduction products,31 the present 

attempt to provide a more extensive comparison of smokeless 
tobacco products provides an important addition to the literature. 
The current study assessed N2, P3b, and alpha suppression before 
and after use of five smokeless tobacco products. Additionally, tra-
ditional subjective measures were assessed. The primary aim of the 
present investigation was to explore the viability of using a combi-
nation of subjective and electrophysiological measures as tools to 
separate smokeless products based on their consumer acceptability. 
Whereas subjective measures were used to assess known cognitive 
constructs related to consumer acceptability, electrophysiology was 
used to objectively quantify changes in arousal/attention which have 
been linked to product use,8–11 but that are not typically assessed. 
Given that attention/arousal is related to product liking, we would 
expect the electrophysiological and subjective measures to be par-
tially correlated with one another. However, rather than assessing 
the same underlying construct, the electrophysiological and subjec-
tive measures are believed to assess distinct, but complementary, 
aspects of consumer acceptability. Thus, we employed a multidimen-
sional/multi-method approach to studying consumer acceptability.

Methods

Participants
Thirty male smokeless tobacco users (28 Caucasian, one African 
American and one Asian American) ranging in age from 19 to 
61 years (M age = 22.2 years) were paid to participate in the study. 
All participants reported using smokeless tobacco for at least 1 year 
prior to study participation. All participants were right-handed, 
were not currently taking any medications known to affect the cen-
tral nervous system and reported no use of illicit drugs. All partici-
pants provided written informed consent and all procedures were 
approved by the Institutional Review Board of the University of 
Maryland, College Park.

Procedure
On five separate laboratory visits, participants were exposed to one 
of four smokeless tobacco products (Camel snus, Verve chewable 
disc, Skoal snuff, Ariva dissolvable tablet) or a Nicorette nicotine 
lozenge as a control (see section entitled “smokeless tobacco prod-
ucts”). Each laboratory visit occurred on a separate day between 
9 AM–5 PM. Participants were naïve to the product administered 
on each visit and product order was counterbalanced across partici-
pants. Participants were instructed to abstain from tobacco use for 
12 hours and alcohol use for 24 hours prior to each laboratory visit.

Laboratory visits began with participants completing a series of 
subjective scales (see “subjective scales” section). While completing the 
subjective scales, an EEG cap was placed on the participant’s head (see 
“electrophysiological recording” section). Participants then practiced 
and completed an oddball cognitive task while EEG was recorded 
(see “cognitive task” section). Participants were then provided with 
the smokeless tobacco product and instructed on its use. Prior to 
beginning product usage, a 90-second baseline EEG recording was 
taken. Participants then began product usage while watching a nature 
documentary. Product usage continued for 30 minutes, with 90-sec-
ond resting state EEG recordings taken every 6 minutes. During each 
EEG recording the nature documentary was turned off; participants 
were asked to maintain visual fixation and limit movement and eye 
blinks. In total, six resting-state EEG recordings were made: a baseline 
recording (immediately prior to product usage), as well as 6, 12, 18, 
24, and 30 minutes after the initiation of product usage. We chose 
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to record resting state EEG with eyes open, given that resting state 
EEG was recorded at several time points during a 30-minute period in 
which the subjects’ eyes remained open. There was a concern that hav-
ing subjects close their eyes prior to each EEG resting state recording 
might actually reduce cortical arousal. Given previous work by Barry 
and colleagues16,17 suggesting that both eyes-open and eyes-closed 
EEG can be used to assess arousal, we chose to employ an eyes-open 
methodology for the current investigation. Following product usage, 
any remaining product was removed from the mouth and participants 
completed the oddball task a second time while EEG was recorded. 
Participants then completed a subset of the subjective scales a second 
time prior to leaving the laboratory (see “subjective scales” section).

Smokeless Tobacco Products
The following five products were administered to participants on 
separate visits: Camel snus “mellow” flavor (unprotonated nico-
tine = 1.25 mg, total = 4.96 mg), Ariva dissolvable tablet “wintergreen” 
flavor (unprotonated nicotine  =  0.067 mg, total  =  1.30 mg), Verve 
chewable disc “blue mint” flavor (unprotonated nicotine = 0.24 mg, 
total = 0.90 mg), Skoal snuff “classic straight” flavor (unprotonated 
nicotine = 3.27 mg, total = 15.4 mg), Nicorette nicotine lozenge “orig-
inal” flavor (unprotonated nicotine = 1.70 mg, total = 1.73 mg).

Subjective Scales
The following questionnaires were completed on the first labora-
tory visit only: the demographic and tobacco use history question-
naire, and a modified version of the Fägerstrom Test for Nicotine 
Dependence (mFTND). A modified version of the Questionnaire on 
Smoking urges (mQSU-brief)7 was completed twice on each labo-
ratory visit (before/after product usage), while a modified version 
of the Cigarette Evaluation Scale (mCES),6 also referred to as the 
“Cigarette Evaluation Questionnaire,”32 was completed on each lab-
oratory visit following product usage. Where appropriate, question-
naires were modified for assessing smokeless tobacco products (eg, 
“smoke cigarettes” changed to “use smokeless tobacco”).

Cognitive Task
The cognitive task was a visual “oddball” task; participants responded 
to infrequently presented targets, while withholding responses to 
frequently presented nontargets. Trials consisted of either a target 
“X” or nontarget “O” presented in the center of an LCD monitor 
for 100 ms using Presentation software (Neurobehavioral Systems, 
California). Participants sat approximately 100 cm away from the 
monitor and stimuli subtended approximately 1.72 by 1.72° visual 
angle. Participants responded to target stimuli with the left button 
of a computer mouse. Targets were presented with a 25% probabil-
ity and trials were separated by an inter-stimulus-interval jittered 
between 1000–1500 ms. Participants completed two blocks (150 tri-
als/block) of the task before and after product usage (~7 minutes).

Electrophysiological Recording
EEG was recorded from 16 scalp sites (FP1, FP2, F3, Fz, F4, T3, C3, 
Cz, C4, T4, P3, Pz, P4, O1, Oz, O2) with Ag/AgCl electrodes embed-
ded in an elastic cap (extended 10–20 system). Electrodes were placed 
at the left supraorbital and suborbital sites, and left and right outer 
canthal sites, to monitor vertical and horizontal electro-oculographic 
(EOG) activity. Data was sampled at 500 Hz using a Neuroscan 
NuAmps amplifier and SCAN 4.01 software (Compumedics, North 
Carolina). All scalp electrodes were referenced to the left mastoid 

on-line and re-referenced to the average of the left and right mas-
toids offline. All electrode impedances were maintained below 10 kΩ 
and recorded with a 70-Hz low-pass filter.

Analysis of Subjective Scales
Descriptive statistics (mean and standard error) were calculated for 
the mFTND questionnaire responses. For the mCES, scores on the 
“psychological reward,” “satisfaction” and “aversion” multiple item 
factors were calculated for each product/participant, following prod-
uct usage.32 Although the mCES also allows for the calculation of an 
“enjoy sensations” and a “craving reduction” factor, these factors 
are only based on single items and were not analyzed for the current 
report. For the mQSU-brief, scores on the “relief from withdrawal” 
and “intention to use smokeless tobacco” factors were calculated 
for each product/participant, before/after product usage7; difference 
scores for each factor (post minus pre) were then calculated for each 
product/participant. For each factor of the mCES and mQSU-brief, 
a separate repeated-measures analysis of variance (ANOVA) model 
to test mean differences between the product types was used. For all 
ANOVAs, P values were adjusted for multiple pairwise comparisons 
using a Bonferroni correction.

Analysis of Behavioral Data From Cognitive Task
Target accuracy and response time was calculated for each product/
participant, before/after product usage; difference scores for target 
accuracy and response time (post minus pre) were then calculated 
for each product/participant. For both accuracy and response time, 
separate repeated measures ANOVA models were used to test mean 
differences between the product types.

Analysis of Electrophysiological Data
Preprocessing
Following acquisition, data from in-cap electrodes was re-referenced 
to the average of the left/right mastoid recordings and linearly 
detrended to remove large linear drifts. Data was low-pass filtered 
at 30 Hz, using a Butterworth filter.33 Data from the oddball task 
was epoched into stimulus-locked epochs (−150 to 800 ms relative 
to stimulus onset), whereas resting state EEG data was epoched into 
1000 ms epochs. An initial rejection of large artifacts (such as elec-
trode pop-offs) were rejected using a ±1000 µV rejection threshold. 
Large linear drifts within epochs were rejected using the pop_rejtrend 
function of the EEGLAB toolbox, with a maximum slope threshold 
of 75 µV and an R2 limit of 0.8.34 Epochs containing EMG-like activ-
ity were rejected using the EEGLAB pop_rejspec function, using a 50 
dB threshold within the 20–40 Hz band.34 To remove ocular artifacts 
and additional noise, independent component analysis decomposi-
tion was run on an identical dataset with the addition of a 1-Hz 
high-pass filter.35 Identified independent component analysis com-
ponents were copied to the original data set and rejected. Stimulus-
locked epochs were baseline corrected to the 150 ms prestimulus 
baseline period. A final threshold rejection of ±50 µV was performed 
to remove remaining artifactual activity in the resting state EEG and 
stimulus-locked epochs. Following artifact rejection and removal of 
participants for incomplete data, 22 participants remained for the 
ERP analysis and 23 participants remained for the EEG analysis.

ERP Analysis
Only correct trials were analyzed. For N2 and P3b, the time window 
and electrode locations used for ERP quantification was based on 
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previous literature and inspection of the grand-average ERP wave-
forms collapsed across all conditions. For N2, mean amplitudes were 
extracted from the 236–276 ms time window at electrodes O1 and 
O2 and collapsed across electrode location. For P3b, mean ampli-
tudes were extracted from the 380–420 ms time window, at electrode 
Pz. To compare how the usage of each product influenced N2 and 
P3b, difference scores (post minus pre) were calculated for each ERP 
component. Specifically, the mean amplitude extracted from the odd-
ball task completed before product usage was subtracted from the 
mean amplitude extracted from the oddball task after product usage. 
The N2 and P3b difference scores were analyzed using a repeated 
measures ANOVA model to test mean differences between product 
types.

EEG Analysis
Resting state EEG epochs were linearly detrended using the 
MATLAB function detrend, then transformed to power spectral den-
sity (PSD) via a 512-point hamming-windowed Fourier transform 
(frequency bin width = 0.98 Hz). Raw PSD (μV2/Hz) was logarithmi-
cally transformed to decibel (dB) PSD (10 × log10 [μV2/Hz]). Global 
alpha power was defined as PSD between bin centers 7.81 Hz and 
12.70 Hz at electrodes F3, F4, C3, C4, P3, and P4. For each rest-
ing state period, global alpha power was averaged across epochs. 
To investigate how each product influenced global alpha power over 
time, alpha difference scores were calculated for each time point/
product. Specifically, global alpha power before product usage was 
subtracted from global alpha power for each time point after usage. 
Changes in global alpha power, as a function of product type and 
time point, were analyzed using a repeated measures ANOVA model 
to test mean differences between the product types and time points.

Analyses of Relationships Between 
Electrophysiology and Subjective Scales
Potential correlations between the physiological measures and the 
subjective scales were tested. Separate Pearson product-moment cor-
relations were calculated for the N2, P3b, and global alpha differ-
ence scores with the following: means of the “psychological reward,” 
“satisfaction” and “aversion” factors of the mCES, and the “relief 
from withdrawal” and “intention to use smokeless tobacco” factors 

of the mQSU-brief. To improve interpretability of these correlations, 

the sign of the N2 and alpha power difference scores were reversed 

(ie, an increased N2 or increased alpha suppression would now reg-

ister as a positive value).

Results

Demographic Information
On average, participants had been using smokeless tobacco at 

a rate of 1.7 tins or 8.9 pouches/lozenges per week for a mean of 

21.72 months (SD = 15.01 months) and had a mean mFTND score 

of 1.27 (SD = 1.23). The level of smokeless tobacco use among par-

ticipants in this study can be considered as a light level of depend-

ence, suggesting that the effect of smokeless tobacco use in the 

present sample was less influenced by withdrawal-reduction. Of the 

30 smokeless tobacco users included in this study, five were also cur-

rent cigarette smokers (smoking four or less cigarettes per day), 21 

were previous cigarette smokers, and four had never used cigarettes.

Subjective Results
Subjective analyses were conducted for all 30 participants (see 

Figure 1). Analysis of the mQSU-brief yielded no significant effect 

of product type for either the “relief from withdrawal” (P = .514) 

or “intention to use smokeless tobacco” (P = .138) factors. Analysis 

of the mCES “satisfaction” factor revealed a main effect of product 

type (F (4,109) = 3.13, P = .018). However, none of the follow-up 

comparisons remained significant after multiple comparisons correc-

tion. Analysis of the mCES “psychological reward” factor revealed a 

main effect of product type (F (4,109) = 2.94, P = .024). Follow-up 

paired comparisons revealed that Skoal was rated higher in psycho-

logical reward than Verve (corrected P = .023). Analysis of the mCES 

“aversion” factor revealed a main effect of product type (F (4,109) = 

7.10, P = .0001). Follow-up paired comparisons revealed that Skoal 

was rated higher in aversion than Ariva (corrected P = .003), Snus 

(corrected P = .0002), Verve (corrected P = .002), and Nicorette (cor-

rected P = .0001).
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Figure 1. Factor scores for modified version of the Questionnaire on Smoking urges (mQSU)-brief and modified version of the Cigarette Evaluation Scale (mCES) 
across product type. mQSU-brief factor scores reflect the difference between ratings taken after product usage, minus ratings taken before product usage; mCES 
factor scores reflect ratings following product usage only. Error bars reflect the standard error of the mean.
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Behavioral Results
Behavioral analyses were conducted for the same 22 participants 
included in the ERP analyses. Overall target accuracy for the odd-
ball task was near perfect (M = 99.19%, SE = .12%), with a mean 
response time of 372.57 ms (SE = 8.59 ms). No significant changes 
in accuracy (P > .567) or response time (P > .362) following product 
usage were identified as a function of product type.

ERP Results
ERP analyses were conducted on a subset of 22 participants, for 
which complete data was available (see Figure 2 and Supplementary 
Figure). Analysis of N2 difference scores revealed a significant 
effect of product type (F (4,97) = 3.70, P = .008). Follow-up paired 

comparisons revealed that Skoal elicited a significantly larger N2 
relative to Verve (corrected P = .017) and Ariva (corrected P = .023). 
Analysis of P3b difference scores revealed no significant effect of 
product type (P = .609).

EEG Results
EEG analyses were conducted for a subset of 23 participants, for 
which complete data was available (see Figure 3). Analysis of global 
alpha difference scores revealed a significant main effect of prod-
uct type (P = .0001). However, neither the main effect of time (P 
= .169), nor the product by time interaction (P = .914) was signifi-
cant. Follow-up paired comparisons revealed that Skoal exhibited 
enhanced alpha suppression relative to Ariva (corrected P = .001), 
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Figure 2. Event-related potential (ERP) component difference scores across product type. Difference scores reflect component amplitude following product usage, 
minus component amplitude prior to product usage. Error bars reflect the standard error of the mean. See Supplementary Figure for traditional ERP plots.
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Figure 3. Global alpha power difference scores as a function of product type. Difference scores reflect global alpha power amplitude following product usage 
(collapsed across time point), minus global alpha power prior to product usage. Error bars reflect the standard error of the mean.
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Snus (corrected P = .007), Verve (corrected P = .001), and Nicorette 
(corrected P = .001). Additionally, Snus exhibited enhanced alpha 
suppression relative to Ariva (corrected P = .014).

Relationship Between Electrophysiology and 
Subjective Scales
Of the subjective scales analyzed in the present report, N2 differ-
ence scores only correlated negatively with the mQSU-brief “desire to 
smoke” factor (r = −0.22, n = 114, P = .015), whereas the P3b differ-
ence scores did not correlate with any of the subjective scales (all P 
> .186). Global alpha suppression was found to correlate negatively 
with the mQSU-brief “relief from withdrawal” factor (r = −0.25, n = 
114, P = .007). Additionally, global alpha suppression was found to 
correlate positively with the “psychological reward” (r = 0.33, n = 
114, P = .0004) and “satisfaction” (r = 0.25, n = 114, P = .008) mCES 
factors. Please note that in order to improve the interpretability of 
these correlations, the sign of the N2 and alpha suppression differ-
ence scores were reversed. See Table 1 for a list of correlation values.

Discussion

The present investigation was aimed at exploring the combined 
use of electrophysiology and subjective measures as a tool to 
assess the consumer acceptability of smokeless tobacco products. 
Questionnaires assessing product satisfaction and elicited psycho-
logical reward showed a general preference for Skoal (the product 
with the highest nicotine content) over the other four products tested 
(Ariva, Snus, Verve, Nicorrete lozenge), however, many of these com-
parisons were not statistically significant after multiple comparisons 
correction. In contrast, the electrophysiological measures of atten-
tion (N2) and arousal (alpha suppression) were most pronounced 
for Skoal. Importantly, alpha suppression correlated with measures 
of product satisfaction and psychological reward, not aversion, sup-
porting the notion that one of the primary reasons that tobacco 
products are used (and liked) is due to their ability to influence exec-
utive function.8–11 The current results reinforce the importance of 
assessing electrophysiological measures of executive function when 
testing the consumer acceptability of novel tobacco products.

A traditional analysis of consumer acceptability using subjec-
tive measures revealed no significant differences across products for 
reducing smoking urges (mQSU-brief) or satisfaction (mCES). The 
fact that withdrawal reduction did not significantly differ as a func-
tion of product, despite substantial differences in nicotine content 
across products, is likely the result of the low-dependence level of 
the sample studied (mFTND = 1.27). The low dependency level of 
the current sample and lack of withdrawal effects makes the prod-
uct liking and executive function changes particularly fascinating in 

the current study. Assessment of the mCES “psychological reward” 
factor demonstrated that reward ratings of Skoal were signifi-
cantly higher than those for Verve. The only subjective scale that 
revealed more than one significant difference between products was 
the mCES “aversion” factor, with Skoal being rated as more aver-
sive than all other products. Interpretation of the subjective results 
alone might suggest that consumers’ responses to the products were 
largely undifferentiated, with the exception of perceived aversion. 
Given previous work demonstrating that satisfaction, not aversion 
or psychological reward, is predictive of real-world product usage,5 
the subjective results would lead to no firm predictions of actual 
product use. However, a more substantial problem is that the sub-
jective results alone may overlook other neuropsychological aspects 
of consumer acceptability, such as the ability of products to influ-
ence executive function. When the electrophysiological results are 
analyzed, there appears to be a considerable implicit positive bias 
toward Skoal in terms of its ability to modulate attention/arousal 
(measured by N2 increases and alpha suppression), suggesting that 
neurophysiological measures are useful to gain a more comprehen-
sive understanding of product acceptability.

Comparison of alpha suppression revealed robust differences 
between products; Skoal elicited substantial alpha suppression com-
pared to all four other products and Snus elicited enhanced alpha 
suppression compared to Ariva. Alpha band power has previously 
been linked to cortical arousal,16,17 with alpha suppression associ-
ated with increased frontal/parietal cortex activity.36 Additionally, 
one of the most consistent electrophysiological changes following 
tobacco use is an alpha band activity change, reflecting either global 
alpha suppression,19,21,20 or selective suppression of low alpha (8–10 
Hz)18 and/or increases in high alpha (12–14 Hz).37–39 It should be 
noted that while the current investigation is not the first to iden-
tify alpha suppression across the 8–12 Hz alpha band in response 
to tobacco product use,19,21,20 recently, it has been more common 
to identify selective suppression of low alpha (8–10 Hz)18 and/or 
increases in high alpha (12–14 Hz).37–39 Given that peak alpha fre-
quency is known to vary across individuals,40 the subtle differences 
in terms of the alpha effects observed across studies may be due to 
differences in the average peak alpha frequency of the participants 
included in a given sample. Additionally, differences in the present 
report may be due to the fact that our investigation employed an 
eyes-open resting state methodology. Future research should further 
investigate potential differences in tobacco-driven alpha effects as a 
function of individual differences or recording-session methodology 
(eyes-open vs. eyes-closed). Nonetheless, given that a primary reason 
tobacco products are used is to increase arousal,8–11 the enhanced 
alpha suppression for Skoal may relate to an implicit preference for 
the Skoal product not captured by traditional subjective measures. 

Table 1. Correlations Between Electrophysiology and Subjective Measures

mQSU-brief factors mCES factors

Relief from withdrawal Intention to use smokeless tobacco Psychological reward Satisfaction Aversion

N2 −0.09 −0.22* 0.12 0.07 −0.04
P3b 0.01 0.02 −0.01 0.13 0.04
Alpha −0.25** −0.10 0.33*** 0.25** 0.14

mQSU = modified version of the Questionnaire on Smoking urges; mCES = modified version of the Cigarette Evaluation Scale. mQSU-brief factors reflect the 
difference score of post minus pre product usage. To improve the interpretability the correlations, the sign of the N2 and alpha suppression difference scores 
were reversed.
*P < .05, **P < .01, ***P < .001.
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This preference for Skoal is to be expected, given that Skoal had the 
highest nicotine content.

It is important to note that while Skoal was rated as both highly 
aversive and yielded enhanced alpha suppression, alpha suppres-
sion was uncorrelated with aversion. Instead, alpha suppression 
was positively correlated with satisfaction and psychological reward 
(and correlated negatively with smoking urges). The positive corre-
lation between alpha suppression and satisfaction or psychological 
reward fits with previous work demonstrating that a primary reason 
tobacco products are used is to improve arousal levels.8–11 Although 
subjective ratings of Skoal, in terms of satisfaction or psychological 
reward, did not reach statistical significance for most comparisons, 
the alpha suppression measure was sensitive to implicit differences 
among products. Given the link between arousal and product use, 
this suggests that repeated exposure to Skoal may actually lead to 
product adoption and ultimately abuse. This finding highlights the 
potential utility of using direct neurophysiological recordings as a 
more objective measure to compliment traditional subjective assess-
ment of consumer acceptability.

In addition to investigating changes in cortical arousal (alpha 
suppression), the present study analyzed how each product influ-
enced task-related attention with the N2 and P3b components. 
Previous work has shown that the P3b is enhanced following nic-
otine and tobacco use.23,24 Although the P3b was not significantly 
influenced by product type, this may reflect the relatively smaller 
sample size of the present investigation. Previous work has also gen-
erally demonstrated modulation of the N2 in response to nicotine 
and tobacco use, although the results have been mixed (for a review 
see: Pritchard et al.22). In the present report, N2 was larger for Skoal 
compared to Ariva/Verve. While P3b is influenced by attentional 
enhancement, it is also sensitive to higher-level factors.13,14 In con-
trast, N2 might relate more directly to sensory attention. Specifically, 
the lateral-occipital topography of N2 suggests this component may 
reflect a similar process as that previously described by the selec-
tion negativity,41 with N2 indexing enhanced top-down control over 
sensory cortex. Therefore, selective enhancement of N2 for Skoal 
(compared to Ariva/Verve) suggests that Skoal elicits up-regulation 
of attentional control. Given that a primary reason for tobacco prod-
uct use is improving attention,8–11 participants may be more likely to 
use Skoal for this purpose.

It is important to note that the product that elicited the greatest 
changes in alpha suppression and N2 enhancement, was the high-
est nicotine-containing product. This is consistent with literature 
indicating that the ability of tobacco products to improve executive 
functioning is driven by nicotine, as compared to placebo.18,23,42,43 
This literature would suggest that the smokeless tobacco product 
that causes the greatest influence on executive function does so as 
the result of its nicotine content alone. However, it is also known 
that factors other than nicotine can influence the response to a 
product44–46 and not all studies of nicotine have found evidence for 
nicotine alone influencing executive function.47 Therefore, it is also 
possible that factors unrelated to nicotine content contribute to 
these results and further work delineating exactly what aspects of 
a tobacco product drive changes in executive function are needed. 
Nonetheless, the present report demonstrates the importance of 
measuring executive function when assessing the consumer accept-
ability of tobacco products.

Taken together, the assessment of subjective measures of con-
sumer acceptability, as well as objective measures of arousal and 
attention, provide a comprehensive description of consumers’ 

response to the products tested. While subjective measures have long 
been used to assess consumer acceptability of tobacco products, the 
current results suggest that the conclusions drawn from subjective 
measures alone may be limited or lack sensitivity in certain situa-
tions. Electrophysiological measures such as alpha suppression and 
N2 enhancement detected differences across products missed by 
traditional subjective measures. Additionally, electrophysiological 
measures have the added benefit of being directly tied to underlying 
neurocognitive processes and may be less influenced by conscious 
biases.

Instead of supplanting current subjective measures, electro-
physiology demonstrates promise as a complimentary tool in the 
assessment of consumer acceptability. Previous work has suggested 
that consumer acceptability is a multidimensional construct com-
posed of perceived aversion, satisfaction, and psychological reward 
derived from a product.7 However, tobacco products are also used 
for their ability to improve cognitive function,8–11 and such changes 
are readily detectable using electrophysiological measures. The pre-
sent results suggest the need to revise the current understanding 
of how consumer acceptability is conceptualized and assessed. We 
propose that consumer acceptability arises not only from multiple 
psychological factors, readily assessed using traditional subjective 
measures, but also cognitive changes that may be better captured 
through neurophysiological assays. Therefore, future work assess-
ing consumer acceptability should also employ a multidimensional/
multi-method approach to studying consumer acceptability, when 
possible.

Supplementary Material

Supplementary Figure can be found online at http://www.ntr.oxford-
journals.org
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