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18Although previous research has demonstrated that individuals with parents who smoke are more likely to
19become smokers and are less successful in smoking cessation efforts compared with those without a smoking
20parent, the reasons for this link have not been established. In the current study, implicit attentional bias to
21smoking-related cues was investigated in college-age smokers, based on models of addiction that suggest
22that attention to drug-related cues plays an important role in drug addiction. Sixty-one participants complet-
23ed a dot-probe task to measure attentional bias to smoking-related and matched non-smoking-related con-
24trol pictures. Results indicated that while those who reported smoking occasionally did not demonstrate an
25attentional bias, daily smokers who had a smoking parent showed more of an attentional bias to the smoking
26cues than those without a smoking parent, but only to cues that did not contain human content. In addition to
27parental influence, nicotine dependence explained a significant portion of the variance in the attentional bias
28for daily smokers. Implications for models of nicotine addiction and the development of smoking cessation
29programs are discussed.
30© 2011 Published by Elsevier Ltd.
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33

34

35 Smoking is the leading cause of preventable death in the United
36 States, claiming over 440,000 lives each year (American Cancer Society,
37 2009; Rivara et al., 2004). In addition to the negative health impact on
38 those who smoke cigarettes, research has shown that children who
39 live with a parent who smokes also suffer from a variety of adverse
40 health effects (European Environment and Health Information System
41 [ENHIS], 2007).Moreover, they are two to three timesmore likely to ex-
42 periment with smoking and become habitual smokers for a greater
43 number of years (Bauman, Foshee, Linzer, & Koch, 1990; Chassin,
44 Presson, Rose, Sherman, & Prost, 2002; Den Exter Blokland, Engels,
45 Hale, Meeus, & Willemsen, 2004), have more difficulty quitting, and
46 are at increased risk for relapse during quit attempts (Kleinjan et al.,
47 2009) than children without a family history of smoking. Although re-
48 search has established a link between smoking behavior in parents
49 and their offspring, the reasons for this link remain unclear.
50 One factor thatmaymediate this relationship is the existence of an at-
51 tentional bias for smoking-related cues in those who have smoking par-
52 ents. This notion has been supported by recent work byQ2 Forestell et al.
53 (in press) which demonstrated that parental smoking is associated with
54 an attentional bias to smoking-related cues in non-smokers. Attentional
55 biases are thought to be implicit (McCusker, 2001), and can lead to in-
56 creases in the detection of drug-related stimuli in the environment and
57 drug-related cognitions, and a reduction in the amount of cognitive re-
58 sources available for other tasks (Franken, 2003), all of which can lead

59smokers to maintain smoking behavior and fail in their quit attempts
60(Waters et al., 2003; Williams, Mathews, & MacLeod, 1996). This may
61help to explainwhy children of smokers initiate smoking earlier (Chassin,
62Presson, Pitts, & Sherman, 2000; Den Exter Blokland et al., 2004), smoke
63more frequently (Flay et al., 1994), and have more difficulty quitting
64(Kleinjan et al., 2009) than those without a family history of smoking.
65This contention is further supported by theories of drug addiction
66which have shown that attention to drug-related cues plays an important
67role in the maintenance of drug addiction (e.g., Robinson & Berridge,
681993). That is, smokers have been shown to orient faster toward, main-
69tain their gaze upon, and exhibit greater neural activation in response
70to smoking-related versus neutral stimuli compared to non-smokers
71(Bradley, Mogg, Wright, & Field, 2003; Q3Littel & Franken, 2007; Mogg,
72Bradley, Field, & De Houwer, 2003; Warren & McDonough, 1999). How-
73ever, to our knowledge, previous research has not examinedwhether pa-
74rental smoking leads to an attentional bias in smokers.
75College smokers are a particularly interesting group in which to
76evaluate attentional bias to smoking-related stimuli as 40% report
77that they smoke (Stromberg, Nichter, & Nichter, 2007), with a sizable
78proportion of individuals increasing their smoking behavior during
79these years (e.g., Chassin, Presson, Sherman, & Pitts, 2000; Chassin,
80Sherman, Presson, & Edwards, 1991). In fact, college students are
81the only group for which smoking prevalence has remained stable
82in the United States, while most other groups have shown declines
83in smoking rates (Centers for Disease Control and Prevention (CDC),
842009). College smokers demonstrate considerable individual variabil-
85ity in their smoking frequency (Colder et al., 2006). Approximately
8640-50% are daily smokers who smoke at least one cigarette every
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87 day and exhibit physiological and psychological withdrawal symptoms
88 when deprived of cigarettes for a prolonged period of time; the remain-
89 ing are occasional smokers (Moran, Wechsler, & Rigotti, 2004;Q5 Otsuki,
90 Tinsley, Chao, & Unger, 2008). These groups tend to differ in their moti-
91 vations for smoking (Otsuki et al., 2008; Stromberg et al., 2007) as well
92 as their affective reactivity to smoking cues. That is, daily smokers
93 show more positive implicit responses to smoking-related cues than
94 control cues, while occasional smokers show no differences in their re-
95 sponses to these two types of stimuli (Q6 Haight & Dickter, submitted for
96 publication). Other studies have also demonstrated that college students
97 who smoke on a daily basis respondmore negatively to smoking-related
98 pictures than those who smoke less frequently (Sherman, Rose, Koch,
99 Presson, & Chassin, 2003, Study 2), suggesting that implicit reactions to
100 smoking cues may vary as a function of smoking frequency.
101 The primary goal of the current study was to investigate whether
102 parental smoking behavior interacts with smoking patterns (i.e., daily
103 vs. occasional smoking) to predict attentional bias to smoking-related
104 stimuli. To this end, a dot-probe paradigm that presented smoking-
105 related and non-smoking-related control pictures was used, based
106 on its demonstrated ability to measure implicit drug-related atten-
107 tional biases (Bradley et al., 2003;Q7 Forestell et al., in press). Based on
108 our previous findings with non-smokers (Q8 Forestell et al., in press),
109 we predicted that daily and occasional smokers with smoking parents
110 would show an attentional bias to smoking-related cues. However, it
111 was expected that daily smokers would additionally demonstrate an
112 attentional bias for smoking-related cues as a function of their depen-
113 dence on nicotine (Bradley, Field, Mogg, & Houwer, 2004). We pre-
114 dicted that this additive effect of parental smoking and dependence
115 on nicotine would not occur in occasional smokers because they are
116 typically motivated by environmental cues such as social situations
117 and interactions with smoking peers (Otsuki et al., 2008; Stromberg
118 et al., 2007), rather than the physiological effects of nicotine.
119 This study utilized two different types of smoking andmatched con-
120 trol stimuli in the dot-probe paradigm: those that depict the smoking
121 and control stimuli alone (inactive) and those that depict a human inter-
122 acting with the cues (active). This manipulation addresses an identified
123 limitation in the field as previous studies have not controlled for the
124 human content presented in stimulus pictures. This is problematic be-
125 cause it is not clear whether variation in the stimuli contributed to the
126 variability in participants’ implicit responses (Stritzke, Breiner, Curtin,
127 &Lang, 2004). For example, because human-related stimuli yield greater
128 early cognitive processing than pictures of objects alone (e.g., Bentin,
129 Allison, Puce, Perez, &McCarthy, 1996), participantsmay focus primarily
130 on the human components of the active pictures, distracting them from
131 the smoking-related stimuli. Indeed, previous research from our labora-
132 tory that manipulated the human content within the stimulus pictures
133 found that family smoking was related to attentional bias only to inac-
134 tive smoking-related pictures (Forestell et al., in press). Therefore, a sec-
135 ondary goal of the present paperwas to determinewhether participants’
136 attentional bias to smoking-related cues wasmoderated bywhether the
137 picture cues contained a human. Based on our previous research with
138 non-smokers (Q9 Forestell et al., in press), we hypothesized that daily
139 smokerswith a family history of smokingwould demonstrate a stronger
140 attentional bias to inactive smoking-related cues than daily smokers
141 without a family history of smoking, while no effects were expected
142 for active pictures.

143 1. Method

144 1.1. Participants

145 Seventy (40 male) smoking undergraduates at a medium-sized
146 liberal arts college were recruited through an online database and
147 provided with credit in their introductory psychology course or
148 recruited through advertisements and paid $10 for their participation.
149 Most of the participants were White (n=50), with the remaining

150individuals of color (1 Black, 3 Asian, 12 mixed, 2 “other,” and 2
151non-responses). Participants had an average age of 19.83 years
152(SD=3.46). All procedures were approved by the school's Protection
153of Human Subjects Committee, and written informed consent was
154obtained from each participant.

1552. Materials

1562.1. Stimuli

157The experimental stimuli consisted of 120 color photographs which
158included 60 smoking-related stimuli.1 Half of the pictureswere active in
159that they depicted a person interacting with the stimulus, whereas the
160remaining pictures were inactive, in that they consisted of the stimulus
161alone. These pictures were presented in pairs that included a smoking-
162related image aswell as amatched neutral image. The sixty neutral pho-
163tographswere created to be similar on various visual properties such as
164color, brightness, and object position. All images were successfully
165pilot-testedwith 10non-smoking undergraduates to ensure that partic-
166ipants could identify their contents and judgewhether or not theywere
167drug-related. The average accuracy rate for smoking and non-smoking-
168related stimuli was 98%±0.08 (Range: 90%-100%).

1692.2. Questionnaires

170In addition to demographic questions about participants’ age, ethnic
171and racial background, family income and parents’ level of education, a
172set of general smoking-related questions were included tomeasure age
173at consumption offirst cigarette, their current daily smoking habits, and
174their parents’ smoking behaviors. A family history questionnaire deter-
175mined howmany of the participants’ first degree relatives (i.e., mother,
176father, siblings) smoke cigarettes and the amount of time they spent
177with these smokers currently and in the past. Because of the high co-
178morbidity between smoking and drinking (Saules et al., 2004), partici-
179pants were interviewed to determine the frequency of drinking,
180amount of alcohol consumed on a single occasion, type of alcoholic bev-
181erages consumed (i.e., beer, wine, liquor) and size of beverage using a
182time-line follow-back questionnaire. From these data, we estimated
183the number of standard drinks of alcohol consumed during the previous
184three weeks (Mennella & Forestell, 2008).
185The Fagerström Test of Nicotine Dependence (FTND; Q10Heatherton,
186Kozlowski, Frecker, & Fagerström, 1991) was included to measure
187smokers’ dependence upon nicotine. This brief questionnaire consists
188of the following six items: time to the first cigarette of the day, level of
189difficulty refraining from smoking, importance of the first morning
190cigarette, smoking frequency, importance of smoking in the morning,
191and determination to smoke. Scores range from 0 to 10, with higher
192scores indicating a greater level of dependence. Reliability of this
193questionnaire is .78, and Cronbach alpha levels for internal consisten-
194cy range from 0.56 - 0.70 (Etter, Duc, & Perneger, 1999; Haddock,
195Lando, Klesges, Talcott, & Renaud, 1999; Payne, Smith, McCracken,
196McSherry, & Antony, 1994; Pomerleau, Carton, Lutzke, Flessland, &
197Pomerleau, 1994).

1982.3. Computer Task

199All participants completed a dot-probe task to measure their at-
200tentional bias. The task consisted of two blocks counterbalanced
201across participants. Each contained 60 trials, for a total of 120 trials.
202Each trial began when a fixation-cross appeared in the middle of the

1 The remaining photographs consisted of 60 alcohol-related and matched
non-alcohol-related control pictures. However, only reaction times to smoking
and non-smoking-related target stimuli (i.e. those replaced by a probe in the dot-probe
task) are analyzed since the theoretical and analytical focus of the present study is reac-
tions to smoking-related stimuli by smokers.
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203 computer screen for 1000 milliseconds (ms). A picture pair then
204 appeared on the screen for either 500 or 2000ms, on either side of
205 where the fixation-cross had been, depending on the block. Each pair
206 was presented with equal probability in random order. Different pre-
207 sentation times were used because previous research demonstrated
208 that attentional bias to smoking-related relative to non-smoking-
209 related cues differed based on the stimulus presentation time (Bradley
210 et al., 2003) as a function of smoking exposure. Visual masks then
211 replaced the images for 433 ms. Following the masks, a black dot
212 appeared where one of the pictures had previously been. The partici-
213 pants’ task was to identify the side of the screen (i.e., left or right) on
214 which the dot appeared by pressing one of two keys. The dot remained
215 on screen until a response was made by the participant. The inter-trial
216 interval varied randomly between 1500 ms and 3000 ms to prevent ex-
217 pectations of when the next trial would begin (see Fig. 1).

218 2.4. Carbon monoxide monitor

219 A carbonmonoxide BreathCOmonitor (Vitalograph, Lenexa, Kansas)
220 was used to assess prior tobacco smoke exposure.

221 2.5. Procedure

222 Participants were asked to come to the lab for two test sessions
223 which were scheduled on separate days. They were informed that Ses-
224 sion 1 would consist of a behavioral task and a series of questionnaires,
225 and that Session 2 would consist of another set of questionnaires about
226 their daily habits. Participants were instructed to refrain from smoking
227 for one hour before the first experimental session. This was necessary
228 given that individual differences in nicotine craving can affect attention
229 to smoking-related cues (Waters & Feyerabend, 2000).

230 2.6. Session 1

231 The first session, which lasted approximately forty minutes, con-
232 sisted of the dot-probe task, an approach/avoidance task, and elec-
233 tronically administered questionnaires. Participants completed this
234 session in small groups of two to four students and were seated at pri-
235 vate computer stations. All participants were seated 90 cm from the

236standardized position of a computer monitor, yielding a visual angle
237of about 6 degrees. Participants were told that the purpose of the
238study was to examine connections between attention and various vari-
239ables. After completing a consent form, a carbonmonoxide reading was
240taken via a BreathCO monitor (Vitalograph, Lenexa KS) as a measure of
241compliance (Field, Duka, Tyler, & Schoenmakers, 2009). Participants
242were then given instructions on how to complete the computer task
243and were given a practice block of six trials to familiarize them with
244the paradigm. Two experimental blocks of the dot-probe task were
245then completed, separated by a short (25–30 second) break. Finally,
246participants completed the Fagerstrom Test for Nicotine Dependence
247(FTND) online.

2482.7. Session 2

249This session lasted approximately forty-five minutes and con-
250sisted of a series of electronically-based questionnaires and inter-
251views which included the demographic questionnaire, the general
252smoking questionnaire, and the timeline follow-back procedure for
253alcohol consumption. This session occurred within 2 weeks of the
254first session. After the completion of these measures, participants
255were debriefed, paid (if applicable), and thanked for their time.

2563. Results

2573.1. Participant Characteristics

258Of the 70 participants recruited, ninewere excluded from data anal-
259ysis because they were older than 25 years (n=1), failed to comply
260with instructions to not smoke for one hour before the first testing ses-
261sion (n=1), or they did not return for the second day of testing (n=7).
262Of the remaining 61 participants, 11 participants reported that they had
263a smoking father, 8 had a smoking mother, and for 10, both parents
264smoked. These participants were all combined into one group
265(n=29). The remaining 32 participants reported that their parents
266did not smoke during their lifetime. Participants were also categorized
267according to their smoking frequency; that is, those who smoked at
268least one cigarette per day were classified as daily smokers (n=34),
269whereas those who did not smoke every day were classified as

Fixation Cross
1000 

Target
500 or 2000
ms

Mask
433 ms 

Probe
Infinite 

ITI
1500-
3000 ms

Fig. 1. A schematic of the dot-probe task. The screens were presented in chronological order. Duration is listed to the right of each screen.
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270 occasional smokers (n=27;Hammond, 2005, Leatherdale &McDonald,
271 2005).
272 Compared to occasional smokers, daily smokers had higher CO
273 levels (M=7.03, SE=1.15 vs. M=1.26, SE=0.20, F(1, 56)=24.08,
274 pb .001, η2=.30), reported smoking more cigarettes per week
275 (M=43.67, SE=5.76 vs. M=1.75, SE=0.23; F(1, 55)=37.92,
276 pb .001, η2=.408), and had higher nicotine dependence scores on the
277 FTND (M=2.07, SE=0.26 vs. M=0.27, SE=0.10; F(1, 55)=26.57,
278 pb .001, η2=.334). However, there was no difference in the number
279 of standard drinks they had consumed over the previous three weeks
280 between these groups (M=36.0, SE=5.25 vs. M=34.0, SE=6.90).
281 There were no significant main effects of parental smoking status, nor
282 did parental smoking status interact with participants’ smoking status
283 on any of these variables (all psN .33).

284 3.2. Measures of Attentional Bias

285 Only reaction times (RTs) from correct trials, where participants ac-
286 curately identified the location of the dot, were used in the analyses. To
287 examine the relative attention to smoking compared to non-smoking
288 cues, a difference score was calculated in which reaction times to trials
289 in which the dot-probe appeared on the side of the smoking picture
290 were subtracted from the reaction times to trials in which the dot-
291 probe appeared on the side of the non-smoking picture for 500 ms
292 and 2000 ms blocks. Initial analyses revealed that stimulus presentation
293 timewas not a significant predictor of attentional bias and did not inter-
294 act with other variables; therefore this variable was not included in any
295 of the subsequent analyses. Positive difference scores indicated greater
296 attention to the smoking-related pictures relative to the non-smoking-
297 related pictures. Greenhouse-Geisser-adjusted p values are reported for
298 analyses involving multiple numerator degrees of freedom.
299 To test the hypothesis that attentional bias to smoking-related cues
300 would differ based on the parents’ smoking status and the properties
301 of the stimuli for each group of smokers, a 2 (parent smoking status: nei-
302 ther vs. one or both parents smoke) x 2 (participant smoking status: oc-
303 casional vs. daily) x 2 (stimulus category: active vs. inactive) mixed-
304 model analysis of covariance (ANCOVA)was conductedwith attentional
305 bias to smoking-related cues as a dependent measure. CO level was in-
306 cluded as a covariate in the analyses to control for exposure to cigarette
307 smoke, as was time spent with smokers over the past month to control
308 for the influence of smoking peers. Results revealed the hypothesized
309 stimulus category x participant smoking status x parental smoking sta-
310 tus interaction, F(1, 52)=5.97, pb0.02, η2=0.103.
311 In order to further investigate this three-way interaction, parent
312 smoking status x stimulus category ANCOVAs were conducted sepa-
313 rately for daily and occasional smokers. While this analysis failed to re-
314 veal a significant interaction for occasional smokers (pN .34), for daily
315 smokers, therewas a parental smoking status x stimulus category inter-
316 action, F(1, 28)=7.60, p=.01, η2=0.21. As depicted in Fig. 2, simple
317 main effects analyses suggested that for the inactive cues, daily smokers
318 who had a smoking parent displayed more of an attentional bias rela-
319 tive to daily smokers without a smoking parent, F(1, 28)=5.22,
320 p=.03, η2=0.16. However, for the active stimuli, no differences be-
321 tween daily smokers with a smoking parent and thosewithout a smok-
322 ing parent emerged (pN0.25).
323 Additional analyses were performed to determine whether nico-
324 tine dependence and parental smoking uniquely predicted attention-
325 al bias to the inactive smoking-related cues in daily smokers.
326 Specifically, measures of nicotine dependence as measured by the
327 FTND and the proportion of primary smoking relatives with whom
328 the participant had contact were included as independent variables
329 in a regression analysis. Results revealed that the proportion of smok-
330 ing primary relatives was a significant predictor, ß=0.38, pb .05, as
331 was nicotine dependence (FTND), ß=0.32, pb .03, with the overall
332 model predicting a significant amount of the variance in attentional
333 bias, F(2, 30)=7.03, pb .01, R2=0.32.

3344. Discussion

335The current study investigated how parental smoking interacts
336with participants’ smoking habits to influence attentional bias to
337smoking-related cues. Results indicated that daily smokers who had
338exposure to parents who smoked showed more of an attentional
339bias to inactive smoking-related cues than those without parents
340who smoked. Additionally, nicotine dependence independently pre-
341dicted attentional biases to the smoking cues in daily smokers.
342Consistent with our findings with non-smokers (Forestell et al., in
343press), the presence of an attentional bias in the current study was
344found only for cues that did not depict humans interacting with the
345smoking stimuli. This result may have occurred because participants
346were distracted by the human content in the active picture stimuli
347(see Bentin et al., 1996). In contrast to the findings with daily smokers
348in the current study and non-smokers in previous work (Forestell et
349al., in press), occasional smokers’ attentional bias did not differ for either
350the active or inactive stimuli as a function of parental smoking behavior.
351Previous research with occasional smokers, often referred to as “chip-
352pers,” suggests that while some may progress to daily smoking, many
353continue to smoke only occasionally throughout their lifetime without
354becoming dependent on nicotine (e.g., Shiffman, 1989; Shiffman, Paty,
355Gnys, Kassel, & Elash, 1995). This may be related to the fact that occa-
356sional smokers are motivated by environmental cues such as social situ-
357ations and interactions with smoking peers (Otsuki et al., 2008;
358Stromberg et al., 2007) rather than the physiological effects of nicotine.
359Therefore, while occasional smokers may enjoy the acute effects of nic-
360otine and may be motivated to smoke around other smokers in social
361situations, because they do not have an attentional bias, they may not
362be drawn to cigarette cues outside of these situations. Whether occa-
363sional smokers who have stronger attentional biases to smoking-
364related cues aremore likely to progress to daily smoking is an important
365topic of investigation which will require longitudinal studies.
366Given that non-smokers in previous work and daily smokers in the
367current study demonstrated the same pattern of attentional bias to
368smoking-related cues, while non-addicted occasional smokers showed
369no evidence of attentional bias, our results suggest that attentional
370bias may not be a predictor for smoking initiation per se. Instead,
371thosewhohave attentional biases to smoking cuesmay bemore vulner-
372able to nicotine addiction once they have initiated smoking and as a re-
373sult, may have an especially difficult time quitting smoking (e.g. Bradley
374et al., 2003). Why some children of smokers who clearly demonstrate
375attentional biases to smoking-related cues never engage in smoking be-
376havior while others do is unknown. Clearly, early learning about tobac-
377co and cigarette smoking is complex and involves many factors such as
378frequency of exposure to family and peer smokers and parental atti-
379tudes about smoking ( Q11Andersen et al., 2002).
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Fig. 2. Attentional bias in daily smokers as a function of cue type and parental smoking.
Error bars represent standard errors.
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380 Previous work has also suggested that the context in which parents
381 smoke may also play a role, as children whose mothers smoked ciga-
382 rettes to relieve tension disliked the odor of cigarette smoke more
383 than children whose mothers smoked for reasons other than relief
384 from tension (Forestell & Mennella, 2005). In other words, when chil-
385 dren experienced odors during negative emotional situations, they
386 were less likely to subsequently prefer them, suggesting that associative
387 learning in the context of emotionally salient conditions is a powerful
388 mechanism by which smoking-related cues acquire personal signifi-
389 cance and influence subsequent behaviors. Because the current study
390 was retrospective, it was impossible to determine whether the associa-
391 tions formed between smoking-related cues and the emotional con-
392 texts in which smoking occurs ultimately influence the attentional
393 biases observed in the current sample of adults. Future research can ad-
394 dress this by measuring attentional biases in young children who differ
395 in terms of the emotional context in which their parents smoke. Al-
396 though it is possible that exposure to smoking cues in the home causes
397 these cues to become salient attractors of attention, research has also
398 established a genetic link for smoking initiation and addiction (Heath
399 et al., 1993). Therefore, children of smokersmay also be genetically pre-
400 disposed to attend to these stimuli. These two possibilities are not mu-
401 tually exclusive and, regardless of the mechanism, the current results
402 help inform models of drug addiction.
403 In addition to parental influence, dependence as measured by the
404 FTND was also related to the strength of the attentional bias demon-
405 strated in daily smokers. Theories of drug addiction suggest that atten-
406 tion to drug-related cues is important in the maintenance of drug use
407 and the success of drug cessation attempts (e.g., Bradley et al., 2003;
408 Robinson & Berridge, 1993; Waters & Feyerabend, 2000). As a result,
409 most quit attempts by daily smokers are unsuccessful, with a success
410 rate of less than 5% for smokers who try to quit on their own and less
411 than 25% for those with professional help (Hughes et al., 1992; Ward,
412 Klesges, Zbikowski Ryan, & Susan, 1997). Our results suggest that atten-
413 tional bias may help explain why relapses tend to occur within the first
414 few days of quitting (Garvey, Bliss, Hitchcock, Heinold, & Rosner, 1992;
415 Hughes et al., 1992). However, it should be noted that the FTND is limit-
416 ed as ameasure of nicotine dependence despite the extensive use of this
417 scale and its predecessor (i.e., the Fagerström Tolerance Questionnaire;
418 Fagerström & Schneider, 1989). Over the past 25 years, its reliability
419 and validity have been questioned (for a review see Piper, McCarthy, &
420 Baker, 2006) as measures of dependence. Instead, the FTND has been
421 shown to be a better predictor of smoking heaviness and relapse rather
422 than nicotine dependence per se (e.g., Alterman, Gariti, Cook, & Cnaan,
423 1999; Breslau & Johnson, 2000; Patten, Martin, Calfas, Lento, & Wolter,
424 2001). In response to these drawbacks, newmeasures of tobacco depen-
425 dence are being developed, but more research is required to establish
426 construct validity. A better understanding ofmechanismsunderlying to-
427 bacco dependence and how it interacts with various theoretical and so-
428 cial factors such as those reported herein is warranted.
429 The investigation of smokers’ and non-smokers’ implicit biases to
430 smoking-related cues could be instrumental in the development of
431 evidence-based strategies for identifying at-risk individuals and ces-
432 sation techniques. For example, the results of the current study and
433 other recent work (Bradley et al., 2004;Q12 Haight & Dickter, submitted
434 for publication) imply that the presence of implicit biases, both atten-
435 tional and affective, could impact the success of smoking cessation
436 programs. As a result, these programs may benefit from taking these
437 implicit biases into consideration in their design. Because implicit
438 biases have been shown to be somewhat malleable (Q13 Dasgupta &
439 Greenwald, 2001), one strategy that may improve the success rate
440 of daily smokers involves altering their implicit biases to smoking-
441 related stimuli. Implicit cognitive tasks may be used to train smokers
442 with attentional biases to avoid attending to smoking-related stimuli.
443 In fact, implicit training has been successfully implemented in
444 substance-addicted individuals (Q14 Field et al., 2009; Schoenmakers et
445 al., 2007), who showed lower instances of short-term and long-

446term drug use ( Q16Fadardi & Cox, 2009). One potential implementation
447of this could involve presenting participants with images depicting
448negative smoking-related stimuli, such as those recently designed
449by the Food and Drug Association to appear on packages of cigarettes
450and smoking advertisements in the United States. Future research
451should investigate whether exposure to these negative smoking im-
452ages affects the implicit cognitive processing of smoking-related cues.
453Another avenue for future work should involve investigating how
454peer smoking behavior relates to attentional biases to smoking cues,
455as previous work has suggested that peer smoking behavior plays a
456key role in smoking initiation (e.g., Alexander, Piazza, Mekos, &
457Valente, 2001). Although it is possible that individuals who had
458smoking parents were drawn to peers who smoke, which may have
459mediated the strength of their attentional bias observed in this
460study, our results suggest that their attentional bias was not merely
461a function of peer smoking behavior. First, smokers with a smoking
462parent did not differ from those without a smoking parent in time
463spent with peers who smoke. Second, the results demonstrated an at-
464tentional bias while controlling for time spent with smoking peers.
465Together these findings suggest that parental smoking leads to an at-
466tentional bias over and above the influence of smoking peers. It is
467possible that peer influence may play a unique role in the acquisition
468and maintenance of attentional biases, especially for early-onset ado-
469lescent smokers.
470The current study investigated how participants’ smoking behavior
471and their parents’ smoking behavior interact to affect attentional biases
472towards smoking-related cues. Results indicated that daily smokers
473with a smoking parent demonstrate an attentional bias towards smok-
474ing stimuli without human content. Importantly, these results were
475found despite controlling for recent smoking behavior and time spent
476with smokers. Results demonstrated that the higher participants’ de-
477pendence on nicotine and the more family members who smoke, the
478greater the attentional bias. These findings help to explainwhy children
479of smokers initiate and maintain smoking at higher levels than those
480without a smoking parent and suggest that smokers who are addicted
481to nicotinemay have a particularly challenging time quitting, especially
482if theywere exposed to parental smoking throughout development. Fu-
483ture research that examines the effects of parental smoking on children
484through the use of psychophysiological measures, such as electroen-
485cephalography, will provide further insight into the mechanisms in-
486volved in the development of attentional biases to smoking-related
487cues.
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