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ABSTRACT OF THE DISSERTATION  

 
 Relations among Affect, Abstinence Motivation and Confidence, and Daily Lapse Risk 

among Smokers Trying to Quit 

by HARUKA MINAMI 
 

Dissertation Director: Danielle E. McCarthy, Ph.D. 
 
 
 

Aims: This study prospectively tested the hypothesis that changes in momentary affect, 

abstinence motivation, and confidence would predict lapse risk over the next 12-48 hours using 

Ecological Momentary Assessment (EMA) data from smokers attempting to quit smoking. 

The moderating effects of high-risk contexts on relations between cognitions (motivation 

and confidence) and lapse risk were also tested.  

Method: 79 adult, daily smokers recorded their momentary affect, motivation to quit, 

abstinence confidence, and smoking behaviors in near real time with multiple EMA 

reports using electronic diaries post-quit.  

Results: Multilevel models indicated that increases in negative affect predicted greater 

lapse risk up to 12 hours, but not 24 hours later. Neither positive nor negative affect had 

significant effects on subsequent cognitions. High levels of motivation appeared to 

reduce increases in lapse risk that occur over hours. Momentary increases in confidence 

predicted greater lapse risk over 12 hours in high-risk situations, but not in the absence of 

potent smoking triggers.  

Conclusion: Momentary changes in negative affect, motivation, and confidence, during a 

quit attempt all had short-term effects on smoking lapse. Negative affect had short-lived 

effects on lapse risk, whereas high levels of motivation protected against the risk of 
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lapsing that accumulates over hours.  Contrary to expectations, an acute increase in 

confidence may increase vulnerability to lapse in the context of potent smoking triggers. 

Relations observed among affect, cognitions, and lapse seem to depend critically on the 

timing of assessments and the contexts in which the assessments occur.   
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Introduction 

 Most smokers who attempt to quit smoking return to smoking regularly within a 

few months (Shiffman et al., 2008). This is a critical problem with deadly consequences.  

Identifying the proximal affective and cognitive processes that lead to lapses may help us 

predict and ultimately prevent the initial lapses that typically culminate in relapse (Kassel 

et al., 2003, Gwaltney, et al., 2005b, Piasecki et al., 2002, Shiffman, 2005). 

 Negative Affect          

 The role of negative affect1 in smoking cessation has been extensively studied. 

Stress and negative affect often precede lapses during cessation attempts (Marlatt & 

Gordon, 1980; O'Connell & Martin, 1987; Shiffman, 1982; see Kassel et al., 2003 for a 

review). A modified negative reinforcement drug motivation model proposed by Baker et 

al. (2004) asserts that escape from or avoidance of negative affect plays a central role in 

the maintenance of addictive behavior. The model also posits that non-withdrawal 

aversive affect (e.g., anxiety or distress induced by external events) may trigger the same 

response (i.e., craving and smoking) that negative affect from withdrawal does. As such, 

smokers smoke to escape aversive affective states even when these states are not related 

to withdrawal symptoms (Baker et al., 2004). In fact, many individuals identify smoking 

as their way of dealing with stressful situations (Brandon et al., 1999; Copeland et al., 

1995).  

Whether part of withdrawal or prompted by stressful events, negative affect plays 

a significant role in smoking behavior. Yet, the cognitive pathways linking negative 

affect to smoking outcomes are little studied and poorly understood.  It may be that 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Negative affect (NA) is often defined as a general dimension of subjective distress which subsumes a 
broad range of aversive affective states including anger, disgust, scorn, guilt, fearfulness, and depression 
(Watson & Pennebaker, 1989).	  
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negative affect increases smoking risk directly, as asserted by the reformulated negative 

affect model, and indirectly, by altering smoking-relevant cognitions, such as motivation 

to quit smoking and confidence in one’s ability to quit smoking. Affective distress, for 

example, may erode one’s willingness to work at quitting and confidence that one can 

cope with the stress of quitting to abstain successfully.   

Positive Affect 

 Recent evidence also points to the importance of positive affect2 in smoking 

motivation and behavior change processes, independent of negative affect. For example, 

recent research (Doran et al., 2008) found that the effect of anhedonia (i.e., diminished 

capacity to experience pleasure) on heightened urges to smoke post-quit is mediated by 

decreased positive affect rather than increased negative affect. Looking at only negative 

affect may lead to an incomplete picture of the process of addictive behavior change.  

 A model proposed by Fredrickson (2000, 2003) – the broaden-and-build model – 

suggests that positive affect sparks changes primarily in cognitive activity, rather than 

directly changing physical action (Fredrickson & Branigan, 2001). The positive affect 

model asserts that openness to novel experiences and active search for resources promote 

desired changes (Wagner & Ingersoll, 2008). When a person experiences interest or 

surprise, his/her attention is broadened and, in turn, he/she is able to consider choices that 

previously had been disregarded or rejected. Resolution of ambivalence may be 

facilitated by this increased flexibility in perception which may guide one toward change 

(Fredrickson & Branigan, 2001).  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  Cohen & Pressman (2006) define positive affect as “feelings that reflect a level of pleasurable 
engagement with the environment, such as happiness, joy, excitement, enthusiasm, and contentment.”  
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 The roles of positive affect in health behavior and goal-oriented behavior have 

been demonstrated in various studies. For example, recent prospective studies showed 

that positive affect responses to a brief exercise trial were associated with more stable 

motivation to exercise (Kwan, 2010) and subsequent exercise behavior (Standage, 2010). 

That is, those who experienced an increase in positive affect during a bout of exercise 

were more likely to have steady intentions to exercise and actually exercise in the future. 

Furthermore, increases in positive affect are associated with confidence and performance 

(e.g., exercise confidence, Ostir et al, 2003; test performance, Nelson, 2010).  

Motivation to change a behavior and confidence that one can enact such change 

are thought to be critical determinants of success in behavior change efforts (Ajzen, 1991; 

Miller & Rollnick, 2002) and may be mediators of affective influences on behavior.  

Declines in these change-relevant cognitions may be proximal precipitants of lapses.  

Motivation to Quit  

 In smoking cessation studies, motivation to quit is rarely treated as a dynamic 

construct, despite the fact that past research showed that motivation levels fluctuate even 

within a short-term period (e.g., Berman et al., 2010; Lavigne et al., 2009). Using EMA 

data, Piasecki et al. (2002) showed that smokers’ motivation to quit following their quit 

date was dynamic and that abstainers and relapsers showed different growth patterns of 

motivation over a 7-week post-quit period.  

 Despite the conceptual and empirical bases for treating motivation as dynamic, 

research on real-time relations among affect, motivation to quit, and smoking behavior is 

lacking. Such research is needed to further understand the effects of motivational drives 

on smoking behavior in naturalistic environments. Assessing changes in motivation 
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following changes in affect during a quit attempt may help identify proximal precipitants 

of smoking lapse. Such information about predictors of motivational lapses that, in turn, 

predict behavioral lapses may facilitate intervention development. Just-in-time 

interventions that bolster motivation to quit may reduce lapse vulnerability during a quit 

attempt, for example.  

Abstinence Confidence 

 The important roles of cognitions, particularly confidence, in intended behavioral 

change have been the focus of much research (e.g., Bandura, 1977; Shiffman et al., 2005) 

and the role of confidence in successful smoking cessation has been extensively studied 

(e.g., Condiotte & Lichtenstein, 1981; Shiffman, 2005). Smoking cessation research and 

treatments shaped by a social learning model of relapse focus on enhancing confidence 

and maintaining the perceived importance of quitting (Abrams et al., 2003; Marlatt & 

Donovan, 2005).    

 Some smoking cessation research has treated confidence as a dynamic construct. 

For example, Gwaltney et al. (2005a) assessed abstinence confidence and related 

constructs using ecological momentary assessment (EMA) and found that heightened 

cigarette craving and negative affect were related to decreases in confidence, especially 

in those with low baseline abstinence confidence. The results from this study suggested 

that relations among affective state, drug motivational states, and momentary confidence 

are complex. Furthermore, Shiffman (2005) demonstrated that day-to-day changes in 

abstinence confidence predicted relapse following a first lapse and concluded that 

negative affect predicted smoking behavior, at least partially, through undermining 

momentary confidence. Taken together, these findings indicate that changes in quitting 
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confidence elicited by situational factors (e.g., affective distress) signal increased risk for 

smoking during a change attempt. 

Roles of Motivation and Confidence in a Cessation Attempt 

 A recent study that examined the efficacy of sustained-release bupropion as a 

smoking cessation treatment revealed that motivation and confidence mediated the effect 

of medication on smoking outcomes (McCarthy et al., 2008). Moreover, a controlled 

laboratory study that aimed to assess how drug motivation influences health beliefs 

indicated that cigarette craving reduces confidence and intention to quit (Nordgren et al., 

2008). Although this was not a smoking cessation study, the finding supports the notion 

that cognitions related to health behavior are dynamic constructs. Moreover, McCarthy et 

al. (2008) demonstrated that confidence and motivation to quit smoking changed over the 

first week post-quit, although only the initial level of post-quit motivation, not the rate of 

change, was predictive of abstinence in one month. To date, the dynamic nature of 

motivation to change specific behaviors has been studied primarily by assessing day-to-

day changes. The effects of acute motivation change on short-term behavioral outcomes 

are not well understood, however, and are in need of further study.  

Study Hypotheses          

 I will test a complex set of hypotheses regarding the short-term effects of negative 

and positive affect on later smoking behavior through changes in motivation to quit and 

quitting confidence in the context of an attempt to quit smoking, as depicted in Figure 1. 

 First, EMA data will be used to determine whether negative and positive affect 

predict change in momentary cognitive variables such as motivation to quit and 

confidence to quit over the course of hours. I predict that increases in negative affect will 
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erode motivation and confidence, while positive affect will have the opposite effects on 

these cognitions. Second, I predict that declines in momentary confidence and motivation 

will predict increased risk of a smoking lapse (Figure 1).  

 Finally, I will investigate the extent to which exposure to smoking triggers (i.e., 

urges/temptations, alcohol consumption, cigarette availability, the presence of smokers, 

and stressful events) moderate cognition-lapse relations. Past research has demonstrated 

the powerful effects of smoking cues on smokers trying to quit (e.g., Niaura et al., 1988; 

Shiffman et al, 1996). For example, Shiffman et al. (1996) found that the combined 

effects of multiple contextual risk factors make some contexts highly conducive to lapse. 

Moreover, a recent study (Gwaltney et al., 2005a) showed that the combination of 

heightened urge and decreased confidence did not always precede lapse episodes, 

suggesting that other influences such as alcohol consumption or cigarette availability may 

be linked to lapsing. Similarly, changes in cognitions may be most likely to affect 

smoking behavior when coupled with other risk factors. As such, I predict that those in 

high-risk contexts following declines in motivation and confidence will be more likely to 

lapse than will those in low-risk contexts (i.e., with less exposure to smoking triggers).  

 In summary, results from the proposed study may add to the literature regarding 

1) the time course and mediators of affective influences on smoking lapses; 2) the role of 

explicit cognitions during a quit attempt, particularly in relations to affect and later 

smoking; and 3) the extent to which contextual factors moderate the risk of lapse 

following changes in cognitive variables (e.g., decreases in confidence and motivation). 

To address these topics, I examined short-term effects of negative and positive affect on 

later cognitions and smoking behavior using data collected within-subjects in near real-
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time. The current study may help clarify the role of momentary cognitions and identify 

high-risk situations during a quit attempt. Such information may be crucial in developing 

effective lapse prevention treatments. 
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Method 

Participants  

  For this study, 95 adult smokers were recruited in central New Jersey via mass 

media calls for smoking cessation research participants. Participants were screened for 

the following inclusion criteria: 18 years of age or older, English literacy, smoking a 

minimum of 10 cigarettes per day for at least 6 months, an expired carbon monoxide 

(CO) level of 8 parts per million or greater, motivation to quit smoking of at least 6 on a 

10-point scale, and willingness to fulfill study requirements. Exclusion criteria included: 

living with someone enrolled in the study; contraindications to the use of nicotine 

lozenges (e.g., recent heart attack or heart surgery, heart disease, angina, irregular 

heartbeat, pregnancy, breastfeeding, past problems using the lozenge); serious psychiatric 

conditions (i.e., bipolar disorder or psychosis); and current use of other forms of tobacco, 

smoking cessation treatments, marijuana, or other illegal drugs. 

Procedures	  	  

 All study procedures were approved by an Institutional Review Board. Interested 

volunteers responding to mass media were first screened for eligibility over the 

telephone. Eligible individuals were invited to a group orientation session at which they 

receive a detailed description of the study and written informed consent was obtained. 

Baseline data collection, CO testing, and electronic diary (ED) training were also 

performed at the orientation session. All participants in this study received standard 

smoking cessation treatment including four brief individual counseling sessions based on 

the Clinical Practice Guideline Treating Tobacco Use and Dependence (Fiore et al., 

2008) and the Treating Tobacco Dependence Handbook (Abrams et al., 2003) and a 12-
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week course of nicotine lozenges for use beginning on a target quit day set by the 

researchers. Participants attended five study visits at weekly intervals beginning one 

week pre-quit and ending three weeks post-quit. Fifteen minute counseling sessions were 

offered at the first four office visits and the nicotine lozenges were dispensed one week 

pre-quit, with instruction to begin lozenge use the morning of the quit day one week later. 

Individuals who smoked within 30 minutes of waking received 4-mg nicotine lozenges 

whereas those who waited more than 30 minutes before smoking received 2-mg lozenges 

(Shiffman, Dresler, & Rohay, 2004). Participants chose their preferred lozenge flavor 

(cherry or mint). At the pre-quit, quit-day, and three-week post-quit visits, participants 

performed computer tasks assessing impulsivity including a delay discounting task 

(Johnson & Bickel, 2002) and a version of the Continuous Performance Test II (Connors, 

2000). 

 Participants carried EDs from day -10 to 21, relative to the quit date. CO testing 

was conducted at all visits and again 12-weeks post-quit for participants who reported 

seven-day point-prevalence abstinence at the 12-week follow-up call. Maximum 

remuneration for attending office visits, including a follow-up call and a follow-up visit, 

was $130 contingent upon return of the ED after the recording period (if the ED was not 

returned, $125 was deducted from participants’ compensation). Additional monetary 

rewards from computer-based tasks and ED tasks could amount to a maximum of $545 

($100 at each of the three administrations of the laboratory delay discounting task, $75 

while carrying the ED, and a total of $170.40 for completing the modified Conners’ 

Continuous Performance Test II task (CPT-II) (Conners, et al., 2000) in the laboratory 

and on the ED).  
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Measures 

Baseline Assessment 

 At an initial group orientation session, participants provided breath samples for 

carbon monoxide testing and completed the self-report measures described below:  

  The Fagerström Test for Nicotine Dependence (FTND) consists of 6 items (e.g., 

“How soon after waking do you smoke your first cigarette?”) and has a maximum score 

of 10. A higher score indicates greater physical dependence on nicotine and a score of 

five indicates moderate dependence (Fagerström, Heatherton & Kozlowski, 1992). The 

FTND has fair internal consistency (Cronbach’s α = .61) (Heatherton et al, 1991) and 

high test–retest correlations (r =.85 to .88; Etter et al., 1999; Pomerleau et al., 1994).  

 The Positive and Negative Affect Scale (PANAS) is a 20-item self-report measure 

of affective state (10 items assessing positive affect and 10 assessing negative affect) 

rated on a 5-point scale (ranging from 1 = very slightly to 5 = extremely) during a 

specified period of time (e.g., past few days, one week). The PANAS has good internal 

consistency (α = .84 to .90) and validity as a measure of subjective affect (Watson et al., 

1988, Crawford & Henry, 2004). 

The Wisconsin Smoking Withdrawal Scale (WSWS) is a 28-item scale that taps 

the central elements of the nicotine withdrawal syndrome. It consists of seven subscales 

(i.e., anger, anxiety, sadness, concentration, hunger, sleep, and craving). Internal 

consistencies range from α = .75 to α = .93 for the subscales and α = .90 for the total 

score (Welsh et al., 1999). Validity analyses also show that the WSWS negative affect 

scales correlate with the negative affect items of the PANAS (r = .46-.59) and the WSWS 

scales significantly predict smoking outcomes (Welsh et al., 1999).  
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 The Wisconsin Inventory of Smoking Dependence Motives (WISDM-68; Piper et 

al., 2004), the Barratt Impulsiveness Scale (BIS-11; Patton et al., 1995), the Center for 

Epidemiologic Studies-Depression Scale (CES-D; Radloff, 1977), and the 

Multidimensional Personality Questionnaire (MPQ-BF; Patrick, Curtin, & Tellegen, 

2002) were also administered, but will not be discussed further in this paper.  

Ecological Momentary Assessment 

 Participants were asked to carry palmtop computers, or electronic diaries (EDs, 

Palm Z22 Palmtop Computer, Palm, Inc., Santa Clara, CA) for 31 days, including a 3-day 

practice period, one week pre-quit and three-weeks post-quit. Each day during this 

assessment period, participants were prompted at four pseudo-random times throughout 

the day (the alarms were set at randomly selected times within four equal intervals 

between the participant’s wake-up and bed times and were at least 30 minutes apart). 

Reports completed at least 15 minutes apart from the previous report were included in the 

analysis in order to include reports completed (15 minutes) late with the next report 

completed on time. The prompts signaled participants to complete a brief, modified, 

version of a delay discounting task before completing reports on negative and positive 

affect, withdrawal symptoms, craving, restlessness, willingness to work hard at quitting 

(i.e., motivation to quit), confidence in their ability to quit smoking for good, exposure to 

smoking cues and triggers, recent strong urges/temptations to smoke, access to cigarettes, 

and recent smoking, alcohol use, and use of nicotine lozenges. The ED reports took 

approximately one to three minutes to complete and were time-stamped to indicate 

starting time and time completed. Each report was followed by a two-minute version of 

the CPT-II. Participants who completed this task could earn up to $1.20, based on their 
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correct response rates. This served as an incentive to complete ED reports.  The delay 

discounting and CPT-II tasks will not be discussed further in this paper. 

  The ED assessed momentary affect and withdrawal symptoms (in the past 15 

minutes) using items derived from the PANAS and the WSWS (Appendix B). Past 

research using factor analyses showed that negative affect and cognitive withdrawal 

symptoms loaded on one factor, whereas cravings to smoke loaded on another, and 

thoughts about food did not load on either factor (McCarthy et al., 2008). As such, for the 

current study, I averaged the following items to create an index of momentary negative 

affect:  “tense or anxious,” “sad or depressed,” “impatient,” “distressed,” and “upset.” 

For momentary positive affect, the items, “I have felt enthusiastic,” and “I have felt 

interested” were averaged. The timeframe of these questions was the 15 minutes 

preceding the prompt and participants rated their agreement on a 5-point scale ranging 

from 1 (very slightly or not at all) to 5 (extremely) for the PANAS items and 1 (disagree) 

to 5 (agree) for the WSWS items. The validity of such brief EMA measures of negative 

and positive affect is supported by previous research showing that stressful event reports 

predicted an increase in momentary negative affect and a decrease in momentary positive 

affect (Minami et al., 2011) and that affect ratings change at the outset of a quit attempt 

(McCarthy et al., 2006, 2008). 

 In addition, participants’ momentary confidence to quit smoking for good and 

willingness to work hard at quitting were assessed using single 10-point scales where 1 

was “not at all” and 10 was “extremely.” A past study showed that the answers to “how 

motivated are you to quit smoking?” had little variability and little relation to later 

abstinence among adults who participated in a smoking cessation study, whereas the item 
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“willing to work hard at quitting” was influenced by treatment and predictive of later 

abstinence (McCarthy et al., 2008). For this reason, motivation to quit was assessed using 

the “willing to work hard at quitting” item in the proposed study.  

 Exposure to smoking triggers was also assessed at every report. Participants were 

asked to report whether or not (Yes/No) they had: experienced a strong temptation or 

urge to smoke in the past 30 minutes, been with someone who was smoking in the past 15 

minutes, had a chance to smoke in the past 15 minutes, experienced a stressful event in 

the past two hours, or had any alcohol in the past two hours. Similar measures of trigger 

exposure have also been used in previous research and some of these measures have been 

shown to be related to abstinence and counseling treatment (McCarthy et al., 2010). A 

trigger-exposure composite (on a scale from 0 to 5) was created using the sum of the 

following binary variables: having had a strong temptation or urges, been with smokers, 

had a chance to smoke, had a stressful event, and had any alcohol. Finally, the number of 

cigarettes smoked in the last two hours and since the last report was assessed (0-20 

cigarettes).	  First lapse timing was assessed by taking cigarette counts from random 

reports where available.  

Final Sample 

 For the current study, 79 (83.2 % out of 95 enrolled) participants who attended the 

quit day visit and reported at least 3 post-quit reports were included in the analyses. 

Demographic characteristics of the 79 individuals included in the analyses are 

summarized in Table 2. During the post-quit period, these participants provided 4,646 

random report records (an average of 59 reports per person, or 3 out of 4 reports per day 

in the 21-day post-quit assessment period). There were no differences between the 
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excluded and included participants in terms of age, gender, minority status, cigarettes 

smoked per day, years smoking, baseline CO level, or number of past quit attempts (all ps 

> .05). Due to missing data and lack of variability across reports among some cases, 

actual sample sizes for the analyses varied from 69 to 71. 
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Analytic Plan 

 A series of multilevel random coefficient models was tested using Hierarchical 

Linear Modeling (HLM) Version 6.04 software (Raudenbush, Bryk, & Congdon, 2007). 

In this study, random reports (i.e., reports of positive and negative affect, confidence to 

quit for good, willingness to work hard at quitting, and smoking) made up the first level 

of data nested within individuals at the second level. Continuous predictive variables (i.e., 

positive and negative affect, confidence level, and willingness to work hard) were 

centered around the grand means prior to entry in the models. As such when all other 

predictors are zero, estimated coefficients reflect the probability of lapsing at the overall 

average level of cognitive variables and positive and negative affect.  

 Three sets of models were fit to test the hypothesized relations shown in Figure 1.  

First, the direct effects of affect change on smoking behavior 12 (t1) to 24 (t2) hours later 

were assessed (separately for negative and positive affect), controlling for previous affect 

(at t-1) and smoking (both at the last report and to that point in the quit attempt). These are 

the c paths shown in Figure 1.  A Bernoulli distribution was specified, as smoking was 

coded as a dichotomous outcome (smoke free = 0, any smoking = 1) in non-linear 

models. Second, models of negative and positive affective influences on willingness to 

work at quitting and confidence related to quitting up to 12 hours later (between t0 and t1)  

were fit to the data. These are the a paths shown in Figure 1. These models controlled for 

previous levels of affect (t-1) and cognition (t0) and smoking status at the last report and 

up to that point in the quit attempt. Third, willingness to work and confidence at t1 were 

added to the c path models in order to test the b paths hypothesized, controlling for initial 
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affect, earlier cognitions, and smoking status. Random effects were specified to allow 

regression coefficients to vary across individuals, as long as doing so improved model fit. 

 Finally, I tested the hypothesis regarding the moderating influence of exposure to 

smoking triggers on the link between cognitive variables and smoking lapse (see Figure 

1, m1 -m2 paths). Interaction terms between the trigger exposure composite (between t1 

and t2) and each cognitive variable (t1) were included in the models, again controlling for 

cognitive variables at index in order to assess whether contexts moderate the relationship 

between momentary changes (vs. absolute level) in hypothesized cognitive mediators and 

later lapse risk.   
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Results 

Affect and Lapse Risk (c paths) 

 First, I examined whether affect at the index report, controlling for affect at the 

previous report, prospectively predicted lapse risk between 0.5 and 24 hours later. Time 

(in minutes) between the index reports (t0) and reports at t2 was included to control for the 

effect of time on lapse risk. Only the model intercept was allowed to vary across 

individuals to facilitate model convergence. Results showed that neither negative nor 

positive affect predicted changes in lapse risk within 24 hours, contrary to my hypothesis. 

While longer time intervals from the index reports were associated with an increased 

probability of lapsing as expected, no significant time by affect (positive and negative) 

interaction effect was observed. That is, the impact of changes in negative or positive 

affect on later lapse risk did not differ as a linear function of time. 3 Significant level-2 

variables for the intercept indicated that those with higher baseline negative affect 

(assessed by PANAS) and nicotine dependence (assessed by WISDM) had a significantly 

higher likelihood of lapse.  

 Although negative and positive affect did not predict a lapse within 24 hours, 

analyses indicated that affect changes had shorter-lived effects on lapse risk for up to 12 

hours (i.e., the interval between reports t1 and t2). Two consecutive reports completed 

within 12 hours were used to test short-term effects of affect while longer effects were 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  The time lag between the index and t2 reports clustered around 6 and 12 hours (a bimodal distribution). 
This may reflect the differences in the time of day that the reports were completed. The last reports of a day 
will inevitably have a longer delay till the next report due to suspension of recording during the overnight 
hours. In order to take this difference into account, an interaction term between a binary variable for time of 
day (capturing whether a report occurred within 8 hours of waking or more than 8 hours after waking) and 
the time lag between reports was entered in this model. However, no significant main effect of time of day 
or interaction effect was observed and these terms were pruned from the final model. Thus, it did not 
appear as though relations between affect and lapsing depended on the time of day reports were completed 
or the interaction between this and the interval between reports.	  
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examined using the first and last reports of three consecutive reports completed within 24 

hours. A Bernoulli distribution was specified and the same time-varying covariates were 

entered along with previous negative and positive affect levels.  Results revealed that an 

increase in negative affect at t1 predicted greater lapse risk in the next report t2 whereas 

change in positive affect was not related to change in lapse risk (Table 3).   

Affect and Cognitive Mediators (a paths)  

 Multilevel models were built in which confidence and willingness to work hard 

(t1) were regressed on positive and negative affect recorded in the previous reports (t0) 

completed within the past 12 hours (at least 15 minutes apart). Previous (t-1) levels of 

cognitive variables were included as control variables in the model in order to assess 

changes in cognitive variables following changes in affect. Other time-varying covariates 

included smoking status since the quit date (t0), recent smoking (t1), and time interval 

between the index (t0) and second (t1) reports. No significant interaction effects between 

time interval and positive or negative affect were found in either the confidence or 

motivation models.   

Motivation 

 In the a path model for willingness to work hard at quitting, the intercept, 

willingness to work hard at t0, and recent smoking at t1, were all allowed to vary across 

individuals. Results (Table 5) were similar to the confidence model above. Changes in 

negative affect did not predict a change in willingness at the next report, while an 

increase in positive affect at the index reports was marginally associated (p=.051) with an 

increase in willingness to work hard at the next report. In addition, while greater baseline 

willingness to work hard (level 2-individual variable) predicted higher average 



	  

	  

19	  

willingness post-quit, higher baseline negative affect was associated with lower 

willingness.  

Confidence 

 The intercept (within-individual average confidence level at t1) and previous 

confidence level at t0 were allowed to vary across individuals in this model. Results 

(Table 4) indicated that a change in negative affect was not associated with a change in 

confidence at the next report within 12 hours. Although it did not meet our criterion for 

statistical significance (p=.054), an increase in positive affect at the index report was 

positively associated with an increase in confidence level at the next report. Moreover, 

higher baseline confidence level (level 2) predicted greater average within-individual 

confidence level.  

Cognitive variables and lapse risk (b paths)  

 Changes in confidence and willingness to work hard at t1 were simultaneously 

entered in the model as predictors of lapse likelihood within 12 hours along with the 

following covariates: recent smoking (t1), smoking status since quit date (t0), and time 

(minutes) between the t1 and t2 reports. A Bernoulli distribution was specified for this 

model and only the intercept was allowed to vary across individuals in order to facilitate 

model convergence. As in the direct model (c paths), higher baseline negative affect and 

nicotine dependence (level 2- individual variables) predicted greater lapse risk. Greater 

time elapsed since the previous reports (t1) and recent smoking (between index and t1) 

were also associated with greater lapse risk between t1 and t2. Furthermore, exposure to a 

greater number of smoking triggers predicted an increase in the probability of lapsing 

within 12 hours, as hypothesized. Inclusion of cognitive mediators did not change the 
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non-significant relations between affect at index (t0) and lapse risk at t2. Separate models 

for confidence and willingness revealed similar results found in the unified model in 

terms of directions and magnitude of the effects of cognitive variables. As such, I will use 

the unified model to discuss the findings.  

Motivation 

 A significant interaction between willingness to work hard at quitting at t1 and the 

time interval between t1 to t2 (Table 6) was found. The protective effects of willingness 

on lapse risk emerged only as more time elapsed (Figure 3). That is, motivation mattered 

less when there was less opportunity to lapse (because less time had elapsed), but became 

more protective as greater time (and presumably greater opportunity to smoke) passed.  

Results revealed a marginal main effect of changes in willingness on later lapse risk 

(p=.071).  

Confidence 

 Results showed that a change in confidence (t1) was not associated with a change 

in lapse risk within 12 hours, contrary to my hypothesis (Table 6). However, a significant 

interaction between exposure to smoking triggers and confidence was found, such that 

increased confidence was associated with greater lapse risk only in the presence of 

smoking triggers. In the absence of such triggers, there was no significant relation 

between confidence and later lapsing (Figure 2).  
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Discussion 

 The aim of this study was to prospectively examine the role of abstinence 

motivation and confidence in relation to earlier changes in negative and positive affect 

and later smoking behavior in the context of an attempt to quit smoking. This study also 

tested whether high-risk contexts amplified relations between cognitions and subsequent 

lapse risk. Results provided mixed support for the model. The direct effect of momentary 

changes in affect on later lapse risk was observed up to 12 hours, but not 24 hours later. 

Affect did not have any significant effects on cognitions within 12 hours. There were 

significant relations between confidence and motivation and later lapse risk, but this 

depended on context and time elapsed.   

Affect and smoking behavior 

  Results showed that momentary changes in neither negative nor positive affect at 

index reports (t0) significantly predicted smoking behavior up to 24 hours later. The 

relation between momentary changes in affect and smoking behavior did not change as a 

linear function of time, but did differ in models using a 12- vs. 24-hour timeframe for 

negative affect. This may indicate that while negative affect predicts smoking within a 

shorter timeframe (12 hours), the decay of affective influences on smoking is not linear 

within a 24-hour period. The fact that effects decayed as more time passed is consistent 

with results from a previous study (Shiffman, 2005) that showed that lapse was predicted 

by increases in negative affect over hours, not days. Thus, momentary fluctuations of 

affect may have only fleeting effects on lapse risk. It is possible that the difference is that 

there was an overnight period in the 24-hour period, whereas there may not have been in 

the 12-hour period. The 24-hour timeframe was chosen in this study to ensure that three 
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consecutive reports were used to test the mediational hypotheses because on average, 

participants completed three of four reports per day. These results add to the literature 

suggesting that affect has short-lived effects on lapse risk that need to be studied over 

shorter timeframes.  

Affect and cognitive variables 

 Increases in positive affect were marginally associated with increases in 

confidence to quit and willingness to work hard at quitting up to 12 hours later. Changes 

in negative affect had no detectable impact on confidence and willingness. This may 

suggest that momentary confidence and motivation related to a specific goal such as 

smoking cessation are more likely to be influenced by positive affect, rather than negative 

affect. This is consistent with the models of positive affect which assert that positive 

emotions expand one’s openness to new experience and prompts changes in perspectives 

and cognitions such as motivation to change (Fredrickson & Branigan, 2001, Wagner & 

Ingersoll, 2008). Increasing positive affect, rather than merely focusing on reduction or 

avoidance of negative affect may help enhance confidence and willingness to work 

toward a specific goal. In addition, those with higher baseline negative affect had lower 

average levels of post-quit willingness to work hard at quitting. Thus, it seems that 

although trait differences in negative affect may influence average levels of willingness 

to work toward a goal, acute changes in positive affect have a greater impact on 

momentary motivation. The effects of positive affect were only marginal, however, and 

so must be treated as preliminary until further study. 

Willingness to work hard at quitting 
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 Motivation to quit was protective against lapse, when adequate time had elapsed.  

The impact of time elapsed on lapse likelihood diminished following increases in 

willingness to work hard. High levels of motivation seem to protect against the decay in 

abstinence probability that occurs over time.  

Confidence to quit 

 An increase in confidence predicted greater lapse risk within 12 hours in the 

presence of smoking triggers. This may mean that excessive confidence increased 

subsequent lapse risk in high-risk situations (e.g., drinking, other smokers, urge to 

smoke), but not in the absence of such risks. This result seems inconsistent with the 

prevalent notion that abstinence confidence is protective against lapse risk and earlier 

findings (Gwaltney et al., 2005b, Shiffman, 2005) indicating that lower self-efficacy 

predicted smoking lapse or relapse over days. However, while these studies prospectively 

examined relations between dynamic changes in self-efficacy and subsequent 

lapse/relapse risk, such changes were assessed daily (using average confidence within a 

day), not hourly within a day. During a quit attempt, a sudden increase in confidence may 

make one more vulnerable to lapse in a tempting situation. It is possible that an acute 

increase in confidence reflects complacency, which may lead to high-risk behaviors such 

as drinking, and in turn, increase vulnerability to lapse. This finding calls attention to the 

role of contexts in the dynamic relations between cognitions and behavior which may be 

crucial to improve smoking cessation treatments.  

 Overall, results supported the importance of motivation and confidence as 

proximal determinants of lapse risk, but only under certain conditions.  The results shed 

little light on affective influences on quitting-related cognitions, however, except to 
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suggest that positive affect may have a greater impact than negative affect.  It may be that 

the proposed model would hold over a shorter timeframe, as negative affect seemed to 

have short-lived effects on smoking behavior.   
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     Limitations 

 There are several limitations which warrant caution when interpreting the results. 

The first limitation is the small sample size. We may have limited power to detect 

“small” effects (Fritz & MacKinnon, 2007). Second, the psychometric properties of the 

data may be limited; the extent to which brief EMA assessments are sensitive to 

momentary fluctuations in affect and cognition is unclear, although Shiffman and 

colleagues have shown that changes in affect and confidence assessed by EMA predicted 

later smoking behaviors (e.g., Gwaltney et al., 2005b, Shiffman, 2005). Possible 

reporting biases should be considered since there is no way to identify systematic missing 

reports. That is, some individuals may have missed reports only when they were in 

distress, had just smoked, or were in certain environments. The non-experimental nature 

of this study is another limitation. Since none of the variables of interest (e.g., affect, 

confidence) was manipulated, the interpretation of causal relations should be tempered. 

Finally, the best time-frames (seconds, minutes, days, etc.) to study the effects of affect 

on cognitive variables as well as the impact of cognitive variables on smoking behavior is 

not clear. However, the results from this study suggest that a shorter timeframe (less than 

12 hours) is more suitable for studying relations among affect, cognitions, and smoking. 

Unfortunately, analyses using shorter timeframes were not possible in this study because 

participants, on average, completed 3-4 reports per day and sufficient reports for the 

analysis were not available (three consecutive reports were completed within 12 hours 

less than 47% of the time). Therefore, the time-frame used in this study may not be 

optimal for the study of cognitive variables during a quit attempt. Further studies 
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investigating the acute impact of affects and cognitions on smoking cessation may be 

needed to better elucidate these relations.  
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Conclusions 

 This study examined the dynamic relations among affect, confidence, motivation, 

and smoking behavior of adult smokers during an attempt to quit smoking. Multilevel 

models revealed significant relations among affect, cognitions and lapse, but the 

cognitive mediational hypothesis was not supported. First, the results indicated that 

increases in negative affect predicted greater likelihood of smoking up to 12, but not up 

to 24, hours later. Furthermore, enhanced willingness to work hard seems to offset the 

risk of lapse accumulated over hours. Results also indicated that enhanced confidence can 

be a liability rather than asset in the face of high-risk contexts (e.g., stressful situations, 

drinking, or temptation). Affect, confidence, and motivation all influence subsequent 

lapse risk, but relations with lapse are more complex and nuanced than previously 

thought. Additional research is needed to identify the optimal timeframes for studying the 

proximal determinants of lapse risk, and the moderating role of risk exposure needs to be 

taken into account. Studies of dynamic relations among affect, cognition, and behavior 

such as this have the potential to provide a better understanding of crucial determinants of 

behavioral change that may facilitate the development of effective smoking cessation 

interventions.  
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Figure Captions 
 

Figure 1. Three sets of models were fit to test the hypothesized relations among negative 

and positive affect, cognitions, risk factors, smoking lapse shown in this model; 1) the 

direct effects of affect change on smoking behavior (c paths); 2) the effects of negative 

and positive affective on willingness to work at quitting and confidence related to 

quitting (a paths); 3) the effects of willingness to work and confidence at t1 on smoking 

behavior (b paths). Moderating influence of exposure to smoking triggers on the link 

between cognitive variables and smoking lapse (m1 -m2 paths).  

 

Figure 2. Note: Moderating effects of time on relations between abstinence motivation 

and lapse risk (up to 12 hours). Each line represents different time intervals. The 

protective effect of increases in motivation on lapse risk is observed only with the longer 

interval. The coefficients used to create this graph were from the HLM analysis of the b-

path model, controlling for confidence level at the previous report.   

 

Figure 3. Note: Moderating effects of high risk contexts on relations between abstinence 

confidence and lapse risk (up to 12 hours). Each line represents a different number of 

smoking triggers. A momentary increase in confidence predicted greater lapse risk within 

12 hours only in the presence of three or more smoking triggers. The coefficients used to 

create this graph were from the HLM analysis of the b-path model, controlling for 

willingness to work hard at the previous report.   
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Table1. Demographic characteristics of final sample (N=79).	  

Variable Value n (%) 
Sex (N=79) Female 33 (41.8%) 

Race/Ethnicity 

(N=79) 

Hispanic 3 (3.8%) 

White  55 (69.6%)  

African-American 16 (20.3 %) 

Asian, Pacific Islander 6 (7.6%) 

American Indian 1 (1.3%) 

Other 1 (1.3%)  

Marital Status 

(N=79) 

Married 32 (40.5%)  

Divorced 10 (12.7%)  

Never married 23 (29.2%) 

Cohabitating 5 (6.3%) 

Separated 4 (5.1%) 

Widowed 5(6.3%) 

Education 

(N=79) 

< High school graduate 

 

1 (1.4%) 

High school graduate 17 (21.5%)  

Some college 35 (44.3%)  
College degree 26 (32.9%)  

Employment  Status 

 (N=79) 

 

Employed for wages 44 (55.7%)  

Self-employed   11(13.9%)  

Unemployed <1 year 10 (12.7%)   

Unemployed >1 year 5(6.3 %) 

Homemaker 2(2.5%) 

Student 9 (1.1%) 

Retired 4 (5.1%) 

Disabled 5 (6.3%) 

Household Income 

(N=73) 

< $25,000 23 (30.3%)   

$25,00-$34,999 5 (6.6%)  

$35,000-$49,999 9 (11.4%)  

$50,000-$74.999  16 (20.3%)  

>$75.000 23 (29.1%)  

  M (SD) 

Age (N=79)  45.24 (11.89) 

Age at first cigarette (N=79) 15.24 (3.99) 

Cigarettes smoked per day (N=79) 18.90 (7.19) 

Previous quit attempts  (N=79) 4.53 (11.11) 

Baseline CO level (N=79) 22.29 (12.11) 

Baseline FTND Score (N=79) 5.21 (1.95) 
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Table 2.  HLM analysis of the effects of changes in negative and positive affect (t0) on lapse risk over 24 
hours (t2). 
 

**Random coefficient, df = 66, reliability = .789. All other predictors were treated as fixed to facilitate model 
convergence.  
 

* p<.05 
 
t-1 = Report preceded index report 
t0  = Index report 
t1  = Next report within 12 hours of index report 
t2  = Next report within 12 hours of t1 report (and within 24 hours of index report) 

 

 

 

 

 

 

 

 

 

Predictor        
Coefficient Standard 

Error 

           
T-ratio 

          
P-value    Odds 

   Ratio     95% CI                         df 

Direct effect c path        

Mean P (Smoking ) 30 min-24hrs from index * *
 

- 0.958     0.433     - 2.211        0.030* 0.384      (0.162, 0.910)   66 

Baseline WISDM   0.060 0.035   2.434 0.018* 1.062 (1.011,0.116)   66 

Baseline Negative PANAS   0.075 0.033   2.271 0.026* 1.078 (1.009,1.152)   66 

Smoke Free (quit date till index: Y/N) - 0.976   0.390     - 2.503      0.013* 0.377      (0.176, 0.809) 
 

2,249 

Recent Smoking (between index  to  t1 :Y/N)   1.036    0.159       6.511      0.000* 2.817     (2.062, 3.847) 2,249 

Positive Affect preceded Index (t-1)   0.061  0.109        0.566     0.571 0.935      (0.859, 1.316) 
 

2,249 

Index Positive Affect (t0)  -0.079    0.109       -0.725     0.469 1.048      (0.746, 1.144) 2,249 

Negative Affect preceded Index (t-1)  -0.067  0.106       -0.633 0.527 1.063      (0.761, 1.150) 
 

2,249 

Index Negative Affect (t0)   0.047    0.106        0.444   0.657 1.048      (0.852, 1.290) 2,249 

Time Interval (from t0 to t2 : in minutes)   0.001    0.000        1.992      0.046* 1.001      (1.000, 1.001) 
 

2,249 
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Table 3.  HLM analysis of the effects of changes in negative and positive affect (t1) on lapse risk within 12 
hours (t2). 
 

**Random coefficient, df = 67, reliability = .782. All other predictors were treated as fixed to facilitate model 
convergence.  
 

* p<.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Predictor    Coefficient Standard 
Error 

T-ratio P-value Odds 
Ratio 

    95% CI   df 

Direct effect c path        

Mean P (Smoking ) 30 min-24hrs from index * *
 

- 1.462    0.411     - 3.561        0.001* 0.232   (0.102,0.525)   67 

Baseline WISDM   0.055 0.023   2.370 0.021* 1.056 (1.009,1.106)   67 

Baseline Negative PANAS   0.063 0.031   2.040 0.045* 1.065 (1.001,1.133)   67 

Smoke Free (quit date till index: Y/N) - 0.548   0.373     - 1.470      0.142 0.578      (0.279,1.200) 2,302 

Recent Smoking (between index  to  t1: Y/N)   1.185    0.158       7.507      0.000* 3.271     (2.400,4.457) 2,302 

Index Positive Affect (t0) - 0.085  0.110       -0.778     0.437 0.918      (0.740,1.139) 2,302 

Positive Affect (t1) w/in 12 hours of index    0.150    0.110        1.364     0.173 1.162      (0.936,1.441) 2,302 

Index Negative Affect (t0)  -0.059  0.106       -0.554 0.579 0.943      (0.767,1.160) 2,302 

Negative Affect (t1) w/in 12 hours of index   0.210    0.107        1.962   0.049* 1.233      (1.000,1.521) 2,302 

Time Interval (from t1 to t2) - 0.001    0.000      -1.907      0.056 0.999      (0.998,1.000) 2,302 
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Table 4.  HLM analysis of the effects of changes in negative and positive affect (t0) on confidence within 
12 hours (t1).  
 

Fixed Effect Coefficient Standard 
Error T-ratio  Approx. 

d.f. P-value 

a  paths        

Mean confidence (t1 ) 15 min-12 hrs from index**   5.654 0.124 45.736        69 0.000* 

Baseline Confidence   0.259 0.083 3.127 69 0.003* 

Smoke Free (quit date till index: Y/N)   0.108 0.040 2.687 3,089 0.008* 

Recent Smoking (between index  to  t1: Y/N) - 0.051 0.027 -1.873 3,089 0.061 

Index Confidence (t0)   0.397 0.042   9.452 70 0.000* 

Positive Affect preceded Index (t-1)   0.016 0.014   1.146 3,089 0.252 

Index Positive Affect (t0)   0.011 0.015   1.925 3,089 0.054 

Negative Affect preceded Index (t-1) - 0.006 0.014 - 0.415 3,089 0.678 

Index Negative Affect (t0) - 0.011 0.015   0.731 3,089 0.465 

Time Interval (from t0 to t1) - 0.000 0.000 - 0.668 3,089 0.504 

 

**Random coefficient, df = 70. All other predictors were treated as fixed, with df=3,089, to facilitate model 
convergence 
Reliability: Intercept = .926, t0 Confidence = .651 
 
* p<.05. 
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Table 5. HLM analysis of the effects of changes in negative and positive affect (t0) on willingness to work 
hard within 12 hours (t1). 
 

Fixed Effect Coefficient Standard 
Error T-ratio Approx. 

d.f. P-value 

a  paths        

Mean willingness (t1 ) 15 min-12 hrs from index**   6.296 0.063  100.50 68 0.000* 

Baseline Willingness   0.155 0.050   3.080 68 0.003* 

Baseline Negative PANAS - 0.015 0.007 - 2.299 68 0.025* 

Smoke Free (quit date till index: Y/N)   0.068 0.027   2.459 70 0.014* 

Recent Smoking (between index  to  t1: Y/N) - 0.044 0.030 - 1.463 3,088 0.148 

Index Willingness to work hard   0.416 0.053   7.893 70 0.000* 

Positive Affect preceded Index (t-1) - 0.008 0.010 - 0.796 3,088 0.426 

Index Positive Affect (t0)   0.020 0.010   1.945 3,088 0.051 

Negative Affect preceded Index (t-1 ) - 0.002 0.010 - 0.190 3,088 0.850 

Index Negative Affect (t0) - 0.008 0.010 - 0.801 3,088 0.423 

Time Interval (from t0 to t1)   0.000 0.000   1.608 3,088 0.148 

 

**Random coefficient, df = 71. All other predictors were treated as fixedto facilitate model convergence 
Reliability: Intercept = .926, t1 Recent Smoking =.484,  t0 Confidence = .651,  N=32. 

* p<.05. 
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Table 6. HLM analysis of the effects of changes in confidence and willingness (t1) on lapse risk within 12 
hours (t2). 

**Random coefficient, df = 67, reliability = .770. All other predictors were treated as fixed to facilitate model 
convergence.  
 

* p<.05. 
	  

	  

	  

	  

	  

	  

	  

Predictor Coefficient Standard 
  Error 

T-ratio P-value Odds 
Ratio 

    95% CI       df 

b paths        

Mean P (Smoking ) 30 min-24hrs from index * *
 - 1.460    0.413     - 3.536        0.001* 0.232      (0.102,0.529) 67 

Baseline WISDM   0.047 0.023   2.009 0.048* 1.048 (1.000,1.098) 67 

Baseline Negative PANAS   0.068 0.031   2.211 0.030* 1.071 (1.007,1.138) 67 

Smoke Free (quit date till index: Y/N) - 0.530   0.378     - 1.403      0.161 0.588      (0.281,1.234) 2,297 

Recent Smoking (between index  to  t1: Y/N)   1.004    0.163       6.152      0.000* 2.730     (1.983,3.760) 2,297 

Index Positive Affect (t0) - 0.017    0.109      - 0.159     0.874 0.983      (0.793,1.217) 2,297 

Index Negative Affect (t0) - 0.047   0.101      - 0.464  0.642 0.954      (0.782,1.164) 2,297 

Time Interval (from t1 to t2)   0.002    0.000        4.058      0.000* 1.002     (1.001,1.002) 2,297 

Risk Composite (between t1  to  t2)   0.397 0.094   4.207 0.000* 1.487     (1.236,1.789) 2,297 

Index  Confidence (t0) -0.072 0.132 - 0.547 0.584 0.931     (0.719,1.204) 2,297 

Confidence (t1) w/in 12 hours of index -0.017 0.134 - 0.128 0.899 0.983      (0.755,1.279) 2,297 

Index  Willingness to work hard -0.129 0.181 - 0.712 0.476 0.879      (0.616,1.254) 2,297 

Willingness to work ( t1 ) w/in 12 hours of index -0.323 0.179 - 0.801 0.071 0.724      (0.510,1.029) 2,297 

Confidence (t1)  X  Risk (between t1  to  t2)   0.113 0.048   2.333 0.020* 1.120     (1.018,1.231) 2,297 

Willingness (t1)  X  Interval (from t1 to t2) - 0.001 0.000 - 2.820 0.005* 0.999      (0.998,1.000) 2,297 
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a1	  

a2	  

b2	  

b1	  

c1	  

c2	  a3	  

a4	  
m1	  

m2	  

Figure 1. Model of hypothesized relations among negative and positive affect, cognitions, risk factors, 
smoking lapse. 
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Figure 2.  Willingness to Work at Quitting X Time Elapsed Interaction Effects in Model of Lapse Risk  
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Figure 3. Confidence X Smoking Trigger Exposure Interaction Effect in Model of Lapse Risk 
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Appendix A 

In this appendix, I will describe the rationale for and results of additional analyses. 

Delay Discounting 

 Quitting smoking requires inhibition of impulsive choices that offer immediate 

rewards but carry significant long-term costs.  Making choices that maximize long-term 

gain may be an important determinant of cessation success. Miller and Rollnick (2002) 

referred to this as priority for change. If one places more value on the immediate rewards 

promised by smoking (e.g., affect regulation, stimulation, stress or withdrawal/craving 

relief) than on the long-term benefits of cessation (e.g., health improvement, avoiding 

future illness, saving money), then priority for change is low, and smoking is likely.

 Delay discounting rate, or the degree to which one discounts or devalues rewards 

one has to wait for, is a form of impulsive decision making. Past research has 

demonstrated that successful inhibition of impulsive choices predicts future behavior and 

performance (e.g., developmental and academic success; Mischel, Shoda, & Peake, 

1988), and current smoking status (Reynolds, 2006). This suggests that one’s ability to 

explicitly choose a larger, delayed reward over a smaller, immediate one may be critical 

in smoking cessation. The relation between delay discounting and smoking cessation 

success is understudied (but see Goto et al., 2009). In addition, to date, researchers have 

not tracked changes in impulsive choices during the course of a quit attempt to determine 

whether such changes precede smoking lapses.  

 Affective states may influence impulsive choices, such as delay discounting.  

Distress often demands attention to immediate negative arousal which leads to impulsive 

responses that challenge long-term goals (Mischel & Ayduk, 2002). During a cessation 

effort, the priority of a smoker may shift away from quitting to the resolution of more 
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immediate discomfort such as an aversive affective state or a strong craving. The ability 

to stay focused on long-term goals during a difficult situation may be crucial for 

sustained abstinence. Impulsive choice may represent a shift in one’s priorities to attend 

to more immediate, attainable goals rather than more distal ones. On the other hand, 

states of positive impact may also influence delay discounting. Positive affect may 

counteract the effects of negative affect on delay discounting through shifting one’s 

attention to distal goals rather than immediate ones.  

Study Hypotheses          

 I hypothesized that within-subject changes in delay discounting would predict 

proximal increases in lapse risk over the next 12 hours. I also hypothesized that negative 

affect states would predict increased discounting (e.g., more impulsive choices) in the 

short-term (up to 12 hours), whereas positive affect would predict less impulsive decision 

making.  Finally, I investigated the extent to which exposure to smoking triggers 

moderated the impact of momentary delay discounting on later lapse risk. I predicted that 

an increase in impulsivity would be more likely to increase lapse risk in high risk 

contexts than in contexts containing few smoking triggers. 

 

Method 

Participants and Procedures 

The final sample and procedures are as described in the method section of the 

dissertation.  

Measures 

Baseline Assessment 
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The Barratt Impulsiveness Scale (Patton et al, 1995) (BIS-11) is a 30-item, widely used, 

self-report measure of impulsive personality traits rated on a four-point scale ranging 

from (1 = “rarely/never” to 4 = “almost always/always”) The internal consistency for the 

BIS-11 total score ranges from 0.79 to 0.83 for various populations (i.e., undergraduates, 

substance-abuse patients, general psychiatric patients, and prison inmates; Patton et al., 

1995). 

Delay Discounting Laboratory Task 

 At the first visit, after completing self-report questionnaires, participants 

completed a computer-based delay discounting task. Delay discounting was assessed by 

presenting a series of pairwise choices between a smaller monetary reward that was 

available sooner (e.g., $10 today) and a larger amount available later (e.g., $100 in a 

month). A total of 26 series of questions was administered assessing discounting of 

amounts of $20, $50, $100, and $2500 at delays of 1 day, 1 week, 1 month, 6 months, 

and 2 years. All dollar amounts were crossed with all delays and six additional series 

offered a smaller, sooner reward that was not available immediately (e.g., $10 in 12 days 

vs. $100 in 6 weeks) in order to determine whether there was an immediacy effect on 

discounting (i.e., whether discounting was steeper when the smaller award was available 

immediately rather than at a shorter delay than the larger, later reward).  

 Each series of delay discounting questions began with a randomly selected 

smaller, sooner reward in 4% increments of the larger reward (e.g., in multiples of $4 

when the delayed reward was $100). The smaller rewards presented subsequently in each 

series were calculated using the algorithm described by Johnson and Bickel (2002). In 

brief, a participant’s choices reset counters representing both the lower and upper limits 
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of a participant’s indifference point, the amount of money available sooner that the 

participant treated as equivalent to the delayed reward. The series of questions continued 

(up to 50 individual items) until the difference between the outer upper and lower limits 

was within 4% of the delayed reward magnitude (e.g., the series stopped for a $100 item 

when the upper and lower limits of one’s indifference point differed by only $4). 

Participants were informed at the outset of the task that one of their choices would be 

treated as real and that they would receive the monetary reward they chose (up to $100) 

at the delay specified. This was intended to encourage participants to take the choices 

seriously. 

 Participants’ daily delay discounting rates (k) reflecting the rate at which delayed 

rewards were devalued for each day the rewards were delayed were calculated using the 

formula: - 1) where D is the delay in days, Vd is the value of the delayed reward 

in dollars, and Vp is the value of the present (or smaller, sooner) reward in dollars 

(Johnson & Bickel, 2002). A participant’s pre-quit average daily k was calculated by 

taking the mean of the k values for the immediate $20, $50, and $100 series at delays of 

30 days or less. Only these items were used to calculate the average daily k that would be 

used to present delay discounting choices on an electronic diary to better match the 

magnitude and delay duration of the electronic diary task. This average daily k was then 

used to tailor the delay discounting questions presented on the electronic diary in the 

week preceding the quit day and the three weeks following the quit day.    

Electronic Diary (ED) Assessment 

 The delay discounting task administered at every ED report comprised eight 

items. The delayed reward and delay duration varied across reports but remained constant 
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within reports (i.e., only one series was presented in each report). Larger, later reward 

values of $10, $25, $50, $75, and $100 were presented at delays of 1, 3, 5, 7, 14, 21, 30, 

or 42 days. Participants were informed that at least one and not more than two of the 

delay discounting choices they made on the ED would be treated as real if they responded 

to the prompts. Participants who completed at least 75% of the prompted reports received 

either $25 in 1 week or $75 in 2 weeks, according to their choices.  

A participant’s average daily k value was used to calculate a tailored initial 

smaller, sooner reward value for each series using the formula  (Johnson & 

Bickel, 2002). For example, if the delayed reward was $50 in 30 days, the smaller, sooner 

reward that a participant with an average daily k value of 0.01 saw first was $38.46. The 

smaller, sooner reward was reset by each choice made by a participant by selecting a 

midpoint between minimum and maximum smaller, sooner reward values that were reset 

at each choice. The initial value of the minimum was 25% of the  calculated as shown 

above. The initial value of the maximum was 75% of the , plus the minimum. We 

restricted the range slightly because we were concerned that we could not sample the full range 

using only 8 items. When a subject chose the smaller, sooner reward, the maximum value 

of the next smaller, sooner reward was set to the value of the current immediate reward. 

The minimum value of the next smaller, sooner reward remained the same as previous 

report. The next amount shown was the midpoint between these two limits. When a 

subject chose the delayed reward, the minimum was reset to equal the current immediate 

reward. Again, the maximum value of the next smaller, sooner reward remained the same 

as the previous report. The midpoint between the minimum and maximum at the 8th and 

final question was treated as the indifference point for that report (i.e., lower indifference 



	  

	  

51	  

points reflect greater discounting, or more impulsive decision-making). The final k value 

obtained from the indifference point of each report was used to estimate the effect of 

changes in delay discounting on later lapse risk. The difference between the final k and 

initial average daily k estimated values was used so that a positive score on this k 

difference	  variable indicated an increase in impulsivity relative to the individual’s 

baseline discounting rate.  

 Hierarchical Linear Modeling (HLM) Version 6.04 software (Raudenbush, Bryk, 

& Congdon, 2007) was used to study dynamic relations among affect, delay discounting 

rate, and subsequent smoking behavior within individuals. A Bernoulli distribution was 

specified when a binary smoking variable was the outcome variable. Continuous 

predictor variables (i.e., positive and negative affect) were centered around grand means 

prior to entry in the models in order to interpret estimated coefficients as expected values 

(e.g., the probability or lapsing or increased discounting) at the overall average level of 

positive and negative affect when all other covariates are zero.  

Results 

 First, we ran descriptive statistics and examined the distribution of ED final k 

values and k difference variable (final k- daily k). The distribution of final k value was 

positively skewed and leptokurtic while k difference was leptokurtic around the mean. 

Although final k values ranged from 0.0014 to 4.13 (SD=.223), the majority (75%) of 

final k values obtained from each EMA report fell in a narrow range between .002 and 

0.22. Similarly, the difference between average daily k and final k ranged from -.96 to 

3.12 (SD=.161), and over 70 % fell in a narrow range between -.02 and 0.2. Moreover, 

more than 80 % of final k values were smaller than individual average daily k values. In 
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other words, the majority of post-quit reports showed decreased discounting and lower 

levels of impulsivity. A further analysis revealed that participants chose the delayed 

amount for all eight delay discounting questions in over 56% of the reports.  

 Multiple transformation strategies tested in an attempt to adjust for skewness and 

kurtosis in k difference values such as the inverse and logarithm transformations did little 

to improve the distribution. For the following analysis, I recoded the k difference variable 

into a binary variable such that  a score of 1 indicated increased discounting rate (greater 

impulsivity) while 0 indicated no change or decreased discounting rate (same or less 

impulsivity) from baseline.  

Delay discounting and lapse  

 Within-subject increases in delay discounting were not predictive of increased 

lapse risk over the next 12 hours (B = .399, SE =.235, OR = 1.490, 95% CI = [0.940, 

2.361]  p = .090). This relation was not moderated by baseline discounting rate (i.e., it did 

not hold more or less for those who were more impulsive pre-cessation). It also did not 

differ as a function of trigger exposure (i.e., the interaction between discounting rate 

change and exposure to high-risk contexts was not significant).   

 In order to assess relations between changes in affect (negative and positive) and 

delay discounting, the binary k difference variable (t1) indicating that discounting 

increased (1) or decreased/ stayed the same (0) was regressed on positive and negative 

affect recorded in the previous reports (t0) completed within the past 15-minutes to 12 

hours. The binary k difference variable at the previous reports (t0) was included as a 

control variable in the model. Other time-varying covariates included smoking status 

since the quit date (t0), recent smoking (t1), and the time interval between the index (t0) 
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and second (t1) reports. The intercept was the only parameter that was allowed to vary 

across individuals in this model for model fit and convergence.  

 Results indicated that an increase in positive affect was marginally positively 

associated with delay discounting at the next report within 12 hours (B = .207, SE = 

0.109, p = .057), whereas negative affect was unrelated to discounting change (B = .014 , 

SE = 0.118, p = .904). Relations between affect and discounting did not differ as a 

function of baseline discount rate or time between reports (not shown). 

Discussion 

 This study aimed to examine the dynamic relations among affect, momentary 

delay discounting, and smoking behavior in the context of quit attempt. Descriptive 

analyses revealed a troubling lack of variability in the EMA measure for delay 

discounting used in this study. Examination of the data revealed that, over half the time, 

participants chose the delayed reward on all 8 items administered in a report, even though 

the initial reward presented was tailored to an individual’s baseline average discounting 

rate in an effort to promote variability in ED responses and make it easier to pinpoint an 

individual’s momentary discounting rate in just 8 questions. Furthermore, if participants 

chose the delayed amounts for the first two or three delay discounting questions, they saw 

minuscule changes in smaller, sooner amount on subsequent choices due to the 

constraints placed on the range of initial values shown. This may have contributed to the 

lack of variability in later responses, as participants may have found the changes to small 

to notice or reconsider their choices.  

 In light of this lack of variability, I recoded the discounting data into a binary 

variable capturing whether an increase in discounting occurred, relative to baseline, at 
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each report.  The results of multilevel models with this binary delay discounting variable 

indicated that an increase in positive affect was marginally associated with greater 

impulsivity within 12 hours. This mirrors the results for other cognitions in this study that 

showed marginal effects of momentary increases in positive affect on motivation to quit 

and abstinence confidence. Thus, positive affect may have small, enhancing effects on 

motivation, confidence, and impulsivity, although this requires further study given the 

small size of our sample and the marginal nature of these effects. Further research on the 

short-term effects of positive affect on cognitions may help elucidate the role of positive 

affects in cessation success.  

Changes in impulsivity did not predict subsequent lapse risk in multilevel models.  

That is, momentary increases in discounting were not related to lapse risk up to 12 hours 

later.  It is possible that the binary nature of delay discounting variable in this analysis 

was not sensitive enough to capture changes in one’s impulsivity post-quit that might 

influence lapse likelihood. Alternatively, this null effect could result from selection of the 

wrong timeframe (i.e., perhaps a much shorter timeframe would be appropriate, as this 

might capture more immediate, impulsive lapses) or unmeasured or unmodeled 

moderators (beyond the trigger exposure composite tested here). It may also be that the 

kind of impulsivity measured by the delay discounting task is not, in fact, closely related 

to the processes that govern smoking behavior. Additional research is needed to better 

test relations between momentary impulsive decision making and short-term lapse risk.    
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