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Abstract 
 
Cigarette smoking is the leading cause of preventable death and disability in the United 

States. There has been a growing interest to understand cognitive processes that may 

influence smoking. One promising cognitive process linked to smoking behavior is smoking 

outcome expectancies. Although there is no standard instrument for assessing smoking 

outcome expectancies, perhaps the most commonly used instrument is the Smoking 

Consequences Questionnaire (SCQ). Despite the wide use of this measure, little work has 

been devoted to examining its psychometric properties and no work has examined its 

construct stability across sex or during smoking cessation treatment. Therefore, the current 

study aimed to replicate and extent psychometric testing of the SCQ by examining the 

assumed multi-factor structure, reliability, convergent/discriminant validity, and predictive 

validity, as well as assessing measurement invariance across sex at baseline, quit week, 1-

month follow-up, and 3-month follow-up and longitudinal measurement invariance among 

baseline, quit week, 1-month follow-up, and 3-month follow-up with a sample of treatment 

seeking daily cigarette smokers. Results indicated that the originally proposed four-factor 

SCQ does not adequately explain covariance among items, particularly across the Negative 

Consequences and Positive Reinforcement/Sensory Satisfaction subscales. Using item 

reduction techniques, adequate model fit was obtained for a refined, four-factor solution. 

Construct validity of the refined measure was demonstrated, however limited predictive 

validity was observed. Finally, although measurement invariance was not appropriate to 

examine across the full measure, the original SCQ Negative Reinforcement/Negative Affect 

Reduction and Appetite-Weight Control subscales demonstrated measurement invariance 

across sex at two time points, as well as longitudinally across two time points. Overall, the 

present findings provide initial evidence for an item reduced model structure of the SCQ 

and suggests divergent model structures across sex.
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PSYCHOMETRIC PROPERTIES OF THE SMOKING CONSEQUENCES 

QUESTIONNAIRE ACROSS SEX AND DURING SMOKING CESSATION TREATMENT  

Smoking: Prevalence and Global Impact 

Cigarette smoking is the leading cause of preventable death and disability in the 

United States, contributing to over 480,000 deaths each year (Health & Services, 2010, 

2014; Prevention, 2013). Smoking kills more people than obesity, substance abuse, 

infectious diseases, firearms, and traffic accidents, and increases the risk for coronary heart 

disease, stroke, lung cancer, and respiratory and cardiovascular disease (Health & 

Services, 2014). Smoking is also an enormous financial burden on society, annually costing 

the United States nearly $170 billion dollars on tobacco-related health care costs and $156 

billion in lost productivity (Health & Services, 2014; Xu et al., 2015). Despite the widely 

known health and financial consequences, roughly 42.1 million Americans still smoke 

(Jamal et al., 2014), and thousands more become daily smokers each year (Health & 

Services, 2014).  

Cognitive Processes Linked to Smoking: Smoking Outcome Expectancies 

In recent years, there has been a growing interest to understand cognitive 

processes that may influence smoking behavior. One promising cognitive process linked to 

smoking behavior is smoking outcome expectancies (Brandon et al., 1999). Smoking 

outcome expectancies are defined as beliefs about the positive and negative 

consequences or effects of smoking (Gwaltney et al., 2005). Several influential theories and 

empirical studies underscore the importance of outcome expectancies on substance use 

and smoking behavior specifically (Brandon et al., 1999; Goldman et al., 1987; Marlatt & 

Donovan, 2005; Niaura et al., 1988). According to these models, outcome expectancies are 

an important determinant of smoking behavior and can either promote or inhibit behavioral 

responses to certain events. On one hand, positive expectancies, such as beliefs that 

smoking will improve a bad mood, further enhance a good mood, and boost arousal 
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(Copeland et al., 1995b), are associated with greater levels of nicotine consumption and 

dependence (Ahijevych & Wewers, 1993; Copeland et al., 1995b; Downey & Kilbey, 1995). 

On the other hand, negative expectancies, such as beliefs about the deleterious health 

effects of smoking, may promote and strengthen decisions to quit smoking (Brandon et al., 

1999; Wetter et al., 1994).  

 Empirical data implicate smoking outcome expectancies in a host of smoking 

behaviors and cognitive vulnerabilities. For example, smoking outcome expectances are 

related to smoking initiation (Doran et al., 2013; Goldman et al., 1987), nicotine 

dependence (Copeland et al., 1995b; Myers et al., 2003), nicotine withdrawal (Langdon & 

Leventhal, 2014; Wetter et al., 1994), and cessation (Kenford et al., 2002; Wetter et al., 

1999; Wetter et al., 1994). They are also associated with affective vulnerabilities that may 

promote more problematic use and impede cessation, including negative affect (Johnson et 

al., 2008; Wetter et al., 1994) Zvolensky, Gonzalez, et al., 2008), perceived stress (Wetter 

et al., 1994), anxiety sensitivity (Johnson et al., 2008; Zvolensky et al., 2004), dysphoria 

(Leventhal et al., 2011), distress tolerance (Leyro et al., 2011), and emotion dysregulation 

(Johnson et al., 2008). Additionally, smoking outcome expectancies are associated with 

several other smoking-specific cognitive processes related to problematic smoking behavior 

and quit failure, including smoking-specific experiential avoidance (Farris et al., 2015), 

barriers to cessation (Gregor et al., 2008; Peasley-Miklus et al., 2012), motivation to quit 

(Copeland & Brandon, 2000; Gregor et al., 2006; Schutte & Marks, 2013) as well as stages 

of change (Hine et al., 2009).  

Development of the Smoking Consequences Questionnaire 

In light of the robust association between smoking and smoking outcome 

expectancies, researchers have devoted much work to develop appropriate and valid 

measures to assess smoking outcome expectancies, leading to the development of several 

instruments used to assess smoking expectancies (Brandon et al., 1999). Although there is 
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no standard instrument for assessing smoking outcome expectancies, perhaps the most 

commonly used instruments is the Smoking Consequences Questionnaire (SCQ) (Brandon 

& Baker, 1991a). The SCQ is a 50-item measure developed to assess subjective positive 

and negative expectancies of current and continued smoking as well as change in outcome 

expectancies after an intervention (Simmon & Brandon, 2007). Since its introduction, 

several modified versions, including the Smoking Consequences Questionnaire-Adult 

(Copeland et al., 1995b) and Short-Form Smoking Consequences Questionnaire (Myers et 

al., 2003), have been developed and validated. These modified measures are also 

frequently used in smoking research.  

The SCQ was developed to address theoretical and methodological shortcoming 

that emerged from expectancy-substance use work related to alcohol (Brandon & Baker, 

1991a). Specifically, prior research had neglected to examine undesirable outcome 

expectancies or desirability of expectancies. Additionally, substance use expectancy 

questionnaires often had dichotomous response options that were unable to capture the 

strength of the expectancies, demonstrated poor internal consistency, and failed to 

distinguish users from non-users. With these limitations in mind, Brandon and Baker 

(1991a) developed a questionnaire for measuring the subjective expected utility (eg, cross 

product of desirability [-5 to 5] and likelihood scores [0 to 9]) of smoking, performed an 

principal component analysis to define the factor structure and examine internal 

consistency, and validated the measure by comparing expectancy scores across smoking 

status categories.  

Initial Validation of the Smoking Consequences Questionnaire  

First, using a college sample, Brandon and Baker (1991) created a questionnaire of 

80 items to assess possible consequences of smoking. Then, researchers performed a 

principal component analysis and retained items and factors based on predetermined cutoff 

criteria. The 50 retained items formed four subscales: Negative Consequences (18 items), 
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Negative Reinforcement/Negative Affect Reduction (12 items), Positive 

Reinforcement/Sensory Satisfaction (15 items), and Appetite–Weight Control (5 items).  

Next, a different sample of introductory psychology students provided data used to 

determine reliability, intercorrelations, group and sex differences, and component 

contributions. Coefficient alpha reliabilities were strong (range: .91-.96). Significant 

intercorrelations emerged between Positive Reinforcement/Sensory Satisfaction, Negative 

Reinforcement/Negative Affect Reduction, and Appetite-Weight Control, but all were 

uncorrelated with Negative Consequences. Group differences emerged for subjective 

expected utility across smoking status, with daily smokers reporting the highest subjective 

expected utility for smoking on the Positive Reinforcement/Sensory Satisfaction, Negative 

Reinforcement/Negative Affect Reduction, and Appetite-Weight Control subscales. No 

significant group difference emerged for the Negative Consequences subscale. 

Additionally, women reported higher subjective expected utility scores on the Negative 

Reinforcement/Negative Affect Reduction and Appetite-Weight Control subscale. Finally, 

group differences were repeated to examine the respective contribution of desirability and 

likelihood ratings separately. The likelihood ratings emerged as more sensitive to smoking 

status differences than either the subjective expected utility scores or the desirability 

scores. 

Despite the developers considering expectancy-substance use limitations when 

creating the SCQ, the development and psychometric testing of the SCQ was limited in a 

number of key ways. First, Brandon and Baker (1991a) used an undergraduate college 

sample. This convenient sample may not be representative of smokers in the general 

population. Indeed, smoking is directed related to fewer years of education and lower 

income (Agaku et al., 2014); characteristics that are not typical of an undergraduate 

sample. Moreover, college smoking sample may not have had the time or opportunity to 
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develop the degree of nicotine dependence experienced by smokers in the general 

population.  

Second, the clinical utility of the SCQ was not examined. Specifically, while authors 

demonstrated validity for the measure to distinguish between groups of smokers and non-

smokers, little to no attention was given to examine the convergent/discriminant and 

predictive validity of the SCQ for smoking behaviors and outcomes. Indeed, the only 

variables considered with regard to convergent validity included behavioral measures of 

years smoking, smoking rate, and nicotine dependence. Validating the relations between 

the SCQ subscales and smoking constructs is crucial to (a) demonstrate that SCQ 

subscales measure the psychological attributes they were developed to measure, and (b) to 

understand the meaningfulness of the measure to predict smoking outcomes (Adcock, 

2001). Indeed, convergent and discriminant validity provide empirical support that 

constructs theorized to be similar or difference than the construct of interest relate to the 

construct of interest accordingly (Adcock, 2001) and predictive validity can provide 

evidence for the clinical utility of the measure. These validities are essential to confirm 

construct validity of the measure (Cronbach & Meehl, 1955), but without them, how SCQ 

factors relate to constructs of interest remains speculative. It should be noted, however, that 

authors may have opted to exclude these analyses because the work focused on the 

preliminary development of the SCQ scale, and may thus have thought it was premature 

and unnecessary to examine these validities using the new instrument. Nevertheless, the 

lack of demonstrated discriminant and predictive is a gap in this study. 

Lastly, there are a number of methodological concerns. First, principle component 

analysis (PCA) often results in higher item loadings because this statistical approach does 

not partition unique variance from shared variance (Costello & Osborne, 2011). This may 

subsequently contribute to an over-estimation in variance accounted for by factors. Second, 

the participant to item ratio (less than 5:1) is insufficient to conclusively determine an 
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accurate factor structure. Specifically, in a simulation model, only 40% of samples produced 

correct factor solutions when utilizing a 5:1 ratio (Costello & Osborne, 2011). Small sample 

size may produce an inaccurate factor structure, and may also increase the likelihood of 

misclassifying an item to the wrong factor. Third, Brandon and Baker (1991) used an 

orthogonal rotation for extraction. Although this is a common practice because it produces 

more easily interpretable results (Costello & Osborne, 2011), it produces factors that are 

uncorrelated. However, intercorrelations emerged among factors in the original article and 

has subsequently been replicated. Brandon and Baker (1991) suggest that the observed 

intercorrelations are “an artifact of their imperfect estimation of the factors.” Conversely, 

these intercorrelations may represent meaningful relations that deserve consideration, 

particularly because one would not expect factors related to smoking outcome expectations 

to be completely unique and uncorrelated with one another. To combat this issue, an 

oblique rotation, which allows for factors to correlate, may have been a more appropriate 

rotation. 

Psychometric Testing of the Smoking Consequences Questionnaire 

To address some of the limitations of the initial development of the SCQ, Wetter et 

al. (1994) examined the assumed factor structure, internal consistency, intercorrelations, 

and discriminant and predictive validity of the SCQ and subscales in a sample of smokers 

enrolled in a smoking cessation trial. First, a confirmatory factor analysis using responses 

for the likelihood of occurrence of each consequence was conducted for the proposed four-

factor model and three alternative models, including a single-factor model, a two-factor 

model, and a three-factor model. Notable, Wetter et al. (1994) created three factor 

indicators for each factor by randomly assigning either single items or parcels of items 

representing the mean of two or more questionnaire items to one of the three factor 

indicators. This alternative method was used to define the assumed four-factor model, 

which provided a better fit than the alternative models.  
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Next, the internal consistency and intercorrelations for the four-factor model were 

examined. Coefficient alpha reliabilities were good (range: .83-.95), but slightly weaker than 

those observed by Brandon and Baker (1991). Unlike Brandon and Baker’s findings, 

intercorrelations between all subscales were significant. Sex differences emerged with 

women expecting more Negative Consequences, Negative Reinforcement/Negative Affect 

Reduction, and Appetite-Weight Control from smoking. With this sample, smoking outcome 

expectancies were largely unrelated to cigarettes per day, nicotine dependence, and other 

indices of smoking behavior, but were all significantly associated with negative affect and 

perceived stress.  

As a final step, researchers examined the predictive validity of the SCQ subscales 

on withdrawal symptoms as well as negative affect and perceived stress among 

participants at day eight post-quit day who had successfully quit, defined as not smoking 

during the previous 7 days and a carbon monoxide level of less than 10 parts per million. All 

subscales except Negative Consequences predicted the total score withdrawal index and 

most of the individual symptoms of withdrawal. Additionally, Positive 

Reinforcement/Sensory Satisfaction, Negative Reinforcement/Negative Affect Reduction, 

and Appetite-Weight Control predicted negative affect and perceived stress, whereas 

Negative Consequences only predicted perceived stress. After controlling for baseline 

assessments of negative affect and perceived stress, however, Appetite-Weight Control no 

longer predicted negative affect and Negative Consequences no longer predicted perceived 

stress. In an attempt to fully understand the clinical utility of smoking outcome 

expectancies, the predictive value of SCQ on cessation success at eight days post quit-day 

and end of treatment was assessed. At eight days post quit-day, lower Negative 

Reinforcement/Negative Affect Reduction expectancies and higher negative consequences 

expectancies predicted abstinence; Appetite-Weight Control was a trending predictor. At 

end of treatment, lower Negative Reinforcement/Negative Affect Reduction expectancies 
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remained as a significant predictor of abstinence; greater Appetite-Weight Control 

expectancies emerged as a significant predictor. Importantly, these relations maintained 

significance even after controlling for demographic information, treatment condition, nicotine 

dependence, negative affect and perceived stress. 

Despite the psychometric advances made by Wetter and colleagues (1994), there 

are a number of limitations with their work. First, the direct factor loading of each item on a 

specific factor remains unknown. This information was not assessed because the authors 

created three observed indicators for each subscale using parcels, which is already a 

controversial method to create indicators (Kline, 2011). Factor loadings are regression 

slopes for predicting the indicators from the factor (Brown & Moore, 2012). They provide 

valuable information about the variance accounted for in each item by the factor when the 

model is partially standardized. When examined using confirmatory factor analysis 

methodology, factor loadings provide confirmation of the initially proposed pattern of item-

factor relationship (Brown & Moore, 2012). To more comprehensively understand the 

magnitude of the relation between each indicator and its corresponding factor, factor 

loadings should be reported.  

Moreover, researchers did not conduct a pure confirmatory factor analysis. As 

mentioned, the authors used parcels, which significantly influenced model fit. Indeed, the 

rationale for using parcels was to improve model fit, which is not a sound, convincing 

argument to use this technique (Marcoulides & Schumacker, 2001). Brandon and Baker 

(1991) did not, however, use parcels. Therefore, the model by Wetter and colleagues 

(1994) deviated from the initial model and proposed structure. Along similar lines, authors 

did not follow recommended procedures for creating parcels. This analytic tactic may have 

been employed because recommended procedures were not yet offered. Since the 

publication of this paper, Russell et al. (1998) have provided specific recommendations to 

create parcels for each subscale. Following these guidelines would allow for replication and 
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confirmatory work; however, the random assignment of items and parcels employed in this 

current study does not permit replication. Together, a confirmatory factor analysis 

examining the structure as proposed by the original authors is lacking in the current 

literature.  

Third, authors used a carbon monoxide rating of less than 10 parts per million to 

define abstinence. Recent work suggests that such a high cutoff may not adequately 

differentiate abstainers from non-abstainers. Indeed, current guidelines recommend 

defining abstinence as less than 5 parts per million (Perkins et al., 2013), as this cutoff has 

the greatest sensitivity to detect smoking and specificity to verify abstinence. Thus, Wetter 

and colleagues (1994) may have possibly erroneously classified smokers as abstinent.  

Modified Smoking Consequences Questionnaire Measures 

In addition to these groups, the SCQ has been tested in two other settings. First, 

Copeland and colleagues (1995) administered the original 80 items to a sample of older, 

more nicotine-dependent smokers. Copeland and colleagues (1995) then followed 

procedures outlined by Brandon and Baker (1991) to conduct a principal-component for the 

revised factor structure of the SCQ, which would become the SCQ-Adult. This group 

theorized that, similar to alcohol use, smoking outcome expectancies increase in complexity 

with increased smoking experience and hypothesized that smoking expectancies should 

yield more than four dimensions in experienced, heavy smokers. Indeed, the principal 

component analysis yielded 10 subscales using 55 items. Subsequent work has validated 

the factor structure of the SCQ-Adult (Buckley et al., 2005). Nevertheless, the original SCQ 

is still a more highly used instrument to examine smoking outcome expectancies. The 

continued widespread use of the SCQ may stem from its appropriateness with today’s 

smoker. Specifically, Copeland and colleagues (1995) recruited heavy smokers who 

smoked roughly 27 cigarettes per day, whereas Brandon and Baker (1991) recruited more 

general smokers who smoked 11 cigarettes per day. Because the average cigarettes per 
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day smoked in the U.S. has been declining since 1995 to the current average of only 14 

cigarettes per day (Agaku et al., 2014), the original factor structure developed by Brandon 

and Baker (1991) may be more applicable to ‘today’s smokers.’ Thus, this may partly 

explain its popularity, and adds further justification to examine the psychometric properties 

of the original SCQ using refined methodology in a sample of general smoker.  

Second, the SCQ was evaluated against the SCQ-Adult and SCQ-Spanish, a 

modified version developed for Spanish-speakers (Vidrine et al., 2009). The researchers 

examined which of the three validated measures were most appropriate for use with 

Spanish-speaking Latino smokers. The SCQ-Adult and SCQ-Spanish demonstrated better 

overall fit than the SCQ. Since the SCQ-Spanish was more parsimonious, the other two 

measures were not further evaluated beyond model fit. This finding is not surprising given 

the unique sample and provides further evidence for the need to evaluate the SCQ, without 

parcels, among a representative sample of smokers. 

As work with the SCQ continues to develop, there is a pressing need to 

demonstrate convergent/discriminant and predictive validity for SCQ subscales and 

affective vulnerabilities or other cognitive processes that may interfere with cessation. Such 

demonstrations would add to the SCQ construct validity argument. Constructs that could be 

considered for convergent/discriminant validity include emotional vulnerability processes 

and mood states, such as anxiety sensitivity, dysphoria, negative affect, as well as smoking 

processes including barriers to cessation and smoking specific experiential avoidance 

(Farris et al., 2015; Gregor et al., 2008; Johnson et al., 2008; Leventhal et al., 2011; 

Peasley-Miklus et al., 2012; Wetter et al., 1994) (Johnson et al., 2008; Zvolensky et al., 

2004). According to negative reinforcement models of addiction (Baker et al., 2004), 

individuals who experience greater negative affective states may be more inclined to use 

smoking as a means to escape or avoid their negative affect. Therefore, emotional 

vulnerabilities and processes that encompass negative affectivity should, theoretically, 
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positively relate to smoking outcome expectancies, a framework supported by empirical 

evidence (Wetter et al., 1994). Similarly, those with stronger smoking outcome 

expectancies may report stronger withdrawal symptoms on a scheduled quit day. Indeed, 

past work (Wetter et al., 1994) has demonstrated the all SCQ subscales, except for 

Negative Consequences, predict withdrawal symptoms. As a next step in this line of inquiry, 

the predictive validly for the SCQ subscales on withdrawal symptoms should be re-

examined using a latent path model.  

Sex Differences for Smoking Consequences Questionnaire 

Another limitation of past SCQ work globally is that the factor structure has not been 

examined separately by sex. There has been a growing interest and need to examine 

substance use treatment efficacy and acceptance across sex given the expansive evidence 

for sex differences (Fattore et al., 2008). According to the National Institute of Drug Abuse 

(NIDA), examining sex differences in drug treatment research is critical because without 

information on sex effects, incorrect conclusions may be drawn about the underlying 

determinants of addiction and best practices to prevent and treat addiction in men and 

women (Whitten, 2012). Furthermore, NIDA highlights that optimal treatment for drug 

treatment should consider sex differences regarding risk and protective factors for drug 

abuse; yet, sex differences regarding SCQ factor structure have not been examined, a 

construct related to smoking maintenance and poor quit success.  

Specific to smoking, sex differences are an important demographic factor (Perkins, 

2001) and as previously noted, have been identified across SCQ subscales. Indeed, robust 

evidence suggests sex differences for SCQ subscales (Brandon & Baker, 1991a; Wetter et 

al., 1999; Wetter et al., 1994); observed sex differences differ across studies, however. As 

a review, Brandon and Baker (1991) reported sex differences on Negative 

Reinforcement/Negative Affect Reduction and Appetite-Weight Control subscales, whereas 

Wetter and colleagues (1994) reported sex differences on these two subscales as well as 
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Negative Consequences. The latter finding has been replicated in another sample of 

treatment seeking smokers (Wetter et al., 1999). These findings may represent true sex 

differences, and would therefore, be meaningful interpretations, or they may be sex 

differences resulting from different structure of the measure across men and women; both 

are only speculative up to now as no study has examined configural invariance (Horn & 

McArdle, 1992) of the SCQ factors across sex. Configural invariance is the analysis to 

examine factor structure across groups. Configural invariance is the first test to accurately 

establish measurement invariance (Vandenberg & Lance, 2000).  

Measurement Invariance: Across Sex and Longitudinal 

Measurement invariance is established through a series of tests. The first, as 

outlined above, is configural invariance, also referred to as form invariant model. Here, the 

pattern of the indicators for each factor are expected to be the same across groups. Next, 

metric invariance (Horn & McArdle, 1992), also referred to as loading invariance or weak 

factorial invariance, should be examined. These tests require constraining factor loadings of 

like items across groups to be equal to examine equivalence. Finally, examination of scalar 

invariance (Meredith, 1993), also referred to as intercept invariance or strong factorial 

invariance, is examined by constraining the intercepts of like item to be equal across sex. 

This final step of measurement invariance tests whether differences in means of the items 

were due to differences in the construct (Steenkamp & Baumgartner, 1998). This step 

evaluates whether observed values of the construct are equivalent across sex when there 

is a constant level of expectancies across the SCQ subscale. If scalar invariance is 

demonstrated across sex, researchers can positively conclude that mean differences 

across sex are attributed to true differences in the construct (Vandenberg & Lance, 2000; 

Brown, 2006). Without establishing proper measurement invariance across groups, bias 

may be introduced into the examination of the construct and interpretation of results 

(McHorney & Fleishman, 2006) and differences between groups cannot be “unambiguously 
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interpreted” (Horn & McArdle, 1992). Thus, establishment of measurement equivalence is 

critical to accurately evaluate substantive hypotheses regarding sex differences and make 

meaningful comparisons (Vandenberg & Lance, 2000). 

Moreover, longitudinal measurement invariance of the SCQ has not been tested. 

Longitudinal measurement invariance is necessary to accurately evaluate the temporal 

change in a construct and is a prerequisite to comparing means over time (Vandenberg & 

Lance, 2000). Specifically, longitudinal measurement invariance assesses if the indicators 

load onto the underlying factors the same way over time (Little, Preacher, et al., 2007). As 

with assessing measurement invariance across groups, interpreted changes in factors or 

constructs of interest can be bias if longitudinal measurement invariance is not established 

(McHorney & Fleishman, 2006). Indeed, constructs can change in meaning or importance 

over time (Little et al., 2007). Thus, testing and establishing longitudinal measurement 

invariance provides empirical evidence that the fundamental meaning of the construct has 

not changed across time (Little et al., 2007).  

Longitudinal invariance is determined through a similar series of test used for 

measurement invariance across group (Little et al., 2007). Specifically, first, configual 

invariance should be examined across time points; second, metric invariance should be 

assessed across time points; and third, scalar invariance should be established across time 

points. If longitudinal invariance is demonstrated, researchers can use more robust 

statistical technique to examine (latent) means differences. Examining mean changes over 

time through this process provides evidence for substantive differences in the construct of 

interest over time (Cheung & Rensvold, 2002).  

Present Study Aims and Hypotheses 

Together, the current study aimed to address a number of notable gaps related to 

the psychometric evaluation of the SCQ. Specifically, the current study sought to replicate 

and extent extant work by examining the assumed multi-factor structure, reliability, 
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convergent/discriminant validity, and predictive validity, and assessing measurement 

invariance across sex at baseline, quit week, 1-month follow-up, and 3-month follow-up and 

longitudinal measurement invariance among baseline, quit week, 1-month follow-up, and 3-

month follow-up with a sample of treatment seeking daily cigarette smokers. Aim 1 was to 

evaluate the assumed factor structure (a) across sex at each time-point and (b) using the 

full sample at each time-point. Aim 2 was to examine (a) the internal consistency of each 

subscale across sex and with the full sample at baseline and (b) test-retest reliability 

between baseline and 1-month follow-up. Aim 3 was to examine (a) convergent validity 

between the SCQ subscales and anxiety sensitivity, dysphoria, negative affect, barriers to 

cessation, and smoking specific experiential avoidance and (b) discriminant validity 

between the SCQ subscales and positive affect. Aim 4 was to examine the predictive value 

of SCQ subscales on withdrawal symptoms after a quit attempt. Aim 5 was to examine 

configural invariance (a) across sex at each time-point and (b) across each time-point with 

the full sample. Aim 6 was to examine metric invariance (a) across sex at each time-point 

and (b) across each time-point with the full sample. Aim 7 was to examine scalar invariance 

(a) across sex at each time-point and (b) across each time-point with the full sample.  

METHOD 

Participants 

              A sample of 508 treatment-seeking adult smokers who responded to study 

advertisements (e.g., flyers, newspaper ads, radio announcements; 47.8% female; Mage = 

36.9; SD = 13.5) were included in the study. Exclusion criteria included suicidality and 

psychosis. The racial/ethnic distribution of this sample was as follows: 83.7% 

White/Caucasian; 8.9% Black/Non-Hispanic; 0.6% Black/Hispanic; 2.6% Hispanic; 1.0% 

Asian; and 2.8% ‘Other.’ At least one current (past year) Axis I diagnosis was endorsed by 

45.1% of the sample, most commonly social anxiety disorder (10.4%), generalized anxiety 

disorder (4.9%), current major depressive episode (4.3%), and posttraumatic stress 
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disorder (3.0%). On average, participants reported smoking 16.7 cigarettes per day (SD = 

10.0), had been a daily smoker for 18.6 years (SD = 13.3), and had an average expired 

carbon monoxide level of 19.3 parts per million (SD = 12.0). A moderate level of nicotine 

dependence was observed within the sample based on the Fagerström Test for Nicotine 

Dependence (M = 5.2, SD = 2.3; (Heatherton et al., 1991b). 

Measures 

Smoking Consequences Questionnaire (SCQ). The SCQ (Brandon & Baker, 

1991b) is a 50-item self-report measure that assesses tobacco use outcome expectancies 

believed to underlie smoking motivation on a Likert-type scale, ranging from 0 (completely 

unlikely) to 9 (completely likely). The measure consists of four key subscales: Positive 

Reinforcement/Sensory Satisfaction (15 items), Negative Reinforcement/Negative Affect 

Reduction (12 items), Negative Consequences (18 items), and Appetite-Weight Control (5 

items).  

Demographics Questionnaire. Demographic information collected included 

gender, age, race, educational level, and marital status. 

Medical History Form. A medical history checklist will used to assess current and 

lifetime medical problems. As in past work (Leventhal et al., 2011), a composite variable 

was computed as an index of tobacco-related medical problems (labeled ‘Health’). 

Specifically, items in which participants indicated having ever been diagnosed (heart 

problems, hypertension, respiratory disease, or asthma; all coded 0 [no] or 1 [yes]) were 

summed and a total score was, with greater scores reflecting the occurrence of multiple 

markers of tobacco-related disease.  

Structured Clinical Interview-Non-Patient Version for DSM-IV (SCID-I/NP). 

Diagnostic assessments of past year Axis I psychopathology was conducted using the 

SCID-I/NP (First et al., 1994). All SCID-I/NP interviews were administered by trained 

research assistants or doctoral level staff and supervised by independent doctoral-level 
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professionals. Interviews were audio-taped and the reliability of a random selection of 

12.5% of interviews was checked (MJZ) for accuracy. The presence or absence of an Axis I 

disorder was dichotomized and included as a covariate. 

Positive and Negative Affect Scale (PANAS). The PANAS (Watson et al., 1988) 

measured the extent to which participants experienced 20 different feelings and emotions 

on a scale ranging from 1 (Very slightly or not at all) to 5 (Extremely). The measure yields 

two factors, negative affect (NA) and positive affect (PA), and has strong documented 

psychometric properties (Watson et al., 1988). Both subscales were utilized in the current 

study (NA α = .91; PA α = .89).  

Anxiety Sensitivity Index-III (ASI-III). The ASI-III is an 18-item self-report measure 

of the sensitivity to and fear of the potential negative consequences of anxiety-related 

symptoms and sensations. Respondents are asked to indicate, on a 5-point Likert-type 

scale (0 = "very little" to 4 = "very much"), the degree to which they are concerned about 

these possible negative consequences. The ASI-III has sound psychometric properties, 

including excellent internal consistency, predictive validity, and reliability among smokers 

(Farris et al., in press). In the present study, we utilized the total ASI-III score (α = .93). 

Inventory of Depression and Anxiety Symptoms (IDAS). The IDAS (Watson et 

al., 2007) is a 64-item self-report instrument that assesses distinct affect symptom 

dimensions within the past two weeks. Items are answered on a 5-point Likert scale ranging 

from “not at all” to “extremely.” The IDAS subscales show strong internal consistency, 

convergent and discriminant validity with psychiatric diagnoses and self-report measures; 

and short-term retest reliability (r = 0.79) with both community and psychiatric patient 

samples (Watson et al., 2007). In the present study, we employed the dysphoria subscale 

(e.g., ‘‘I felt depressed’’; α = .92). This specific subscale was examined because of past 

research that implicated its relation to smoking outcome expectancies (Leventhal et al., 

2011). 
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Avoidance and Inflexibility Scale (AIS). The AIS assessed avoidance and 

inflexibility related to smoking (Gifford & Lillis, 2009). Participants responded to 13-items 

according to a Likert-type scale ranging from 1 (Not at all) to 5 (Very much). Items included 

“How likely is it that these feelings will lead you to smoke?” and “To what degree must you 

reduce how often you have these thoughts in order not to smoke.” The AIS has 

demonstrated good internal consistency (Gifford & Lillis, 2009). Higher scores represent 

more smoking-based avoidance or inflexibility in the presence of uncomfortable or difficult 

sensations or thoughts, whereas lower scores suggest more ability to accept difficult 

feelings or thoughts without allowing them to trigger smoking. Past work has found good 

convergent and predictive validity of the AIS for smoking processes (Farris et al., 2015; 

Zvolensky et al., 2014). In the present study, we utilized the total AIS score (α = .93). 

Barriers to Cessation Scale (BCS). The BCS assessed barriers, or specific 

stressors, associated with smoking cessation (Macnee & Talsma, 1995). The BCS is a 19-

item measure on which respondents indicate, on a 4-point Likert-style scale (0 [not a 

barrier] to 3 [large barrier]), the extent to which they identify with each of the identified 

barriers to cessation. Researchers report good internal consistency regarding the total 

score, and good content and predictive validity of the measure (Macnee & Talsma, 1995). 

In the present study, we utilized the total BCS score (α = .89). 

Minnesota Nicotine Withdrawal Scale (MNWS). The Minnesota Nicotine 

Withdrawal Scale (Hughes & Hatsukami, 1986) is an 8-item measure of nicotine withdrawal 

symptoms, which are rated on a 4-point Likert-type scale, ranging from 0 = Not present to 3 

= Severe (e.g., insomnia, irritability/frustration, difficulty concentrating, and restlessness). 

The MNWS was administered on quit-day (α = .84).  

Carbon Monoxide. Biochemical verification of smoking status was assessed by 

expired carbon monoxide (CO) analysis of breath samples collected using a CMD/CO 

Carbon Monoxide Monitor (Model 3110; Spirometrics, Inc.). A cut-off of 4 ppm has 
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demonstrated excellent properties at distinguishing smokers from nonsmokers (Perkins et 

al., 2013). In the present study, the CO sample was used to describe the sample as well as 

classify quitters (e.g., nonsmokers) and non-quitters (e.g., smokers) on quit day.  

Fagerström Test for Nicotine Dependence (FTND). The FTND is a 6-item scale 

that assesses gradations in tobacco dependence (Heatherton et al., 1991a). Scores range 

from 0-10, with higher scores reflecting high levels of physiological dependence on nicotine. 

The FTND has adequate internal consistency, positive relations with key smoking variables 

(e.g., saliva cotinine), and high test-retest reliability (Heatherton et al., 1991a; Pomerleau et 

al., 1994). In the current study, the FTND total score was used to characterize nicotine 

dependence (α = .65). 

Smoking History Questionnaire (SHQ). The SHQ will be used to assess smoking 

rate, years of daily smoking, and other characteristics (Brown et al., 2002). Smoking rate 

was obtained from the question, “Since you started regular daily smoking, what is the 

average number of cigarettes you smoked per day?” Furthermore, years a daily smoker 

was assessed by the question, “For how many years, altogether, have you been a regular 

daily smoker?” 

Procedures 

The data for the current study was taken from a larger study examining the efficacy 

of two smoking cessation interventions: a 4-session smoking cessation behavioral 

intervention that focused on vulnerability to panic (Panic-Smoking Program), and a 

standard smoking cessation program (Schmidt et al., 2015). Participants were recruited at 

two sites (Vermont, Florida). Interested persons responding to community-based 

advertisements (e.g., flyers, newspaper ads, radio announcements) contacted the research 

team and were provided with a detailed description of the study via phone. Participants 

were then screened for initial eligibility and, if eligible, scheduled for an appointment. 

Eligibility included (a) being between ages 18–65, (b) reporting smoking eight or more 
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cigarettes per day, and (c) reporting motivation to quit rated as at least 5 or higher on a 10-

point scale. After providing written informed consent, participants were interviewed using 

the SCID-I/NP and completed a computerized self-report assessment battery as well as 

biochemical verification of smoking status.  

Eligible participants were randomly assigned to one of two smoking cessation 

treatment programs and scheduled for treatment initiation approximately 1–2 weeks after 

the baseline assessment. Smoking cessation treatment consisted of either (a) Smoking 

Cessation Program or (b) Panic-Smoking Prevention Program. Both treatment groups 

received nicotine replacement therapy via the transdermal nicotine patch, which was 

initiated at treatment Session 4 (quit-day). Treatment consisted of four 60-min weekly 

sessions conducted by trained doctoral-level graduate students. All treatment was 

supervised by study authors (MJZ and NBS) and checked for treatment fidelity by 

independent reviewers. Assessments were conducted at baseline, all treatment sessions, 

and 1-, and 3-months post-treatment. All study procedures were approved by the 

Institutional Review Boards at the University of Vermont and Florida State University. 

The current study is based on secondary analyses of baseline, quit day, 1-, and 3-

month follow-up data for a subset of the sample, which was selected on the basis of 

complete data for primary variables of interest at baseline. At baseline, 508 cases were 

retained for analyses (i.e., those who provided complete baseline data for the SCQ, 

regardless of parent-study eligibility). Of the 508 cases, 434 were randomized to treatment. 

Of those randomized, 248 provided complete data at quit day, 200 provided 1-month data, 

and 149 provided 3-month data.  

Data Analytic Strategy 

 Aim 1: Evaluate assumed factor structure across sex and time 

Confirmatory factor analyses were conducted to evaluate fit for each group; 

henceforth, group will be refer to both sex and time-point groupings for sex and longitudinal 
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tests, respectively. Specifically, the assumed four-factor structure (e.g., Negative 

Consequences, Negative Reinforcement/Negative Affect Reduction, Positive 

Reinforcement/Sensory Satisfaction, and Appetite–Weight Control) was examined across 

sex at each time-point. The assumed four-factor structure was also examined across time-

points using the full sample. With respect to model fit, several tests were used to evaluate 

the models. First, the model fit was evaluated using the root mean square error of 

approximation (RMSEA), with values of less than .08 indicating reasonable fit and values 

above .10 suggesting poor fit (Browne et al., 1993). Second, the comparative fit index 

(CFI;(Bentler, 1990) was also used, with values between 0.95 and 1.00 indicating excellent 

fit and values between .90 and .95 indicating acceptable fit (Hu & Bentler, 1999). Finally, 

the standardized root mean square residual was evaluated (SRMR), with values less than 

.08 indicating acceptable fit (Hu & Bentler, 1999). Finally, model modifications were 

employed to improve model fit. Modified CFA models were evaluated for improved model fit 

using the Akaike information criterion (AIC), with smaller AIC values indicating better fit 

(Kline, 2011) and the aforementioned model fit statistics. 

Aim 2: Reliability 

Cronbach’s alpha was used to examine internal consistency of each of the four 

factors. Zero-order correlations among the SCQ factors at baseline, quit week, 1-month 

follow-up, and 3-month follow-up assessed factor test–retest reliability. 

Aim 3: Convergent and discriminant validity  

A series of zero-order correlations among baseline variable were conducted to 

demonstrate convergent and discriminant validity. Specifically, SCQ factors were 

hypothesized to relate to anxiety sensitivity, dysphoria, negative affect, barriers to 

cessation, and smoking specific experiential avoidance, and be unrelated to positive affect.  

Aim 4: Predictive validity 

Path models were conducted in Mplus to assess the predictive validity of the SCQ 
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factors at baseline on withdrawal symptoms reported at quit week. As with past work 

(Wetter et al., 1994), only those who meet abstinence criteria were included in analyses. 

Covariates included negative affect, sex, nicotine dependence, tobacco-related illnesses, 

presence of an Axis I disorder, and treatment condition. 

Aims 5-7: Measurement invariance across sex and time 

To examine measurement invariance of the SCQ assumed factor structure across 

sex and longitudinally, a series of analyses were conducted. It should be noted from the 

onset that residuals of like indicators will be specified to covary across time-points, as is 

common practice with tests of longitudinal measurement invariance (Little et al., 2007). 

Configural invariance tests were specified in which the four-factor model was estimated 

simultaneously within each group. The first item’s loading was fixed to 1 and the factor 

mean was fixed to 0 for each group; all other parameters (e.g., additional factor loadings, 

factor variances, and item intercepts) were freely estimated. Next, model constraints were 

applied in successive models to examine potential decreases in fit resulting from 

measurement or structural non-invariance. Specifically, metric invariance was tested by 

examining the equality of the unstandardized item factor loadings across groups (e.g., 

factor loadings for similar items were constrained to be equal across groups). Factor 

variances were fixed to 1 in the reference group but freely estimated in the comparison 

group and the factor means were fixed to 0 in all groups; all other parameters will be freely 

estimated. Next, scalar invariance test was tested by examining the equality of the 

unstandardized item intercepts loadings across groups (e.g., item intercepts for similar 

items will be constrained to be equal across groups). The factor variance and mean were 

fixed to 1 and 0, respectively, for the reference group, and freely estimated in the 

comparison group.  

To be sensitive to non-normality, robust maximum likelihood (MLR) estimation were 

used for all analyses (Muthén & Muthén, 1998-2012); indicators loaded on their underlying 
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factors and interfactor correlations were allowed. Women served as the reference group in 

invariance models across sex, and the latest assessment point served as the reference 

group in invariance models across time.  

For tests of measurement invariance across sex and over time, Sattora-Bentler (SB) 

scaled X2 difference test was employed to assess differences in model fit (Satorra & 

Bentler, 2001). A non-significant SB change in X2 indicates a comparable model fit relative 

to the test examined before; specifically, a non-significant SB change in X2 test between 

configural invariance and metric invariance model suggest that the metric invariance model 

does not fit the data significantly worse than the configural model, despite the constraints 

on the data with the metric invariance model. If the SB change in X2 test is non-significant, 

measure is considered to be invariant at that specific step. Considering the X2 difference 

tests are susceptible to similar problems as the X2, including sample size dependency 

(Kline, 2011), additional fit indices were used to evaluate difference in model fit. 

Specifically, CFI change of less than 0.005 and RMSEA change of less than 0.010 (Chen, 

2007) provided statistical evidence for invariance. 

RESULTS 

Aim 1. Confirmatory Factor Analyses (CFA) 

Aim 1.1a. Baseline CFA for Full Sample (N=508). The factor structure proposed 

by Brandon & Baker (1991) demonstrated poor model fit with the full sample at baseline 

(X2[1169] = 4590.39, p < .001; RMSEA = .08 [90% CI: .07, .08]; CFI = .70; SRMR = .12). 

Subsequently, the factor structure was evaluated and modified. Given theoretical and 

empirical support for the SCQ four-factor structure, a four-factor solution was retained and 

modifications were made based on findings from the CFA. Specifically, the CFA provided 

the framework for the factor structure and guided modifications; yet exploratory techniques 

were employed to improve model fit. Factor loadings were evaluated to determine item 

appropriateness. Guided by recommendation to improve model fit, item that indicated a 
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high level of error, defined in the current study as a standardized factor loading of less than 

.6 (Matsunaga, 2015), were examined for content and removed if warranted (Hooper et al., 

2008). Ultimately, 10 items from the Negative Consequences subscale and 9 items from the 

Positive Reinforcement/Sensory Satisfaction subscale were removed. The items that 

comprised the new Negative Consequences subscale focused on long-term health 

consequences, whereas the removed items focused on more social and short-term health 

consequences. Moreover, items that comprised the new Positive Reinforcement/Sensory 

Satisfaction subscale focused on Sensory Satisfaction related to the mouth and throat, and 

removed items were more conceptually related to relief from boredom and relaxations 

effects. The modified subscales as well as the two unmodified subscales were then 

examined for model fit. The modified model demonstrated acceptable overall fit (X2[428] = 

1165.48, p < .001; RMSEA = .06 [90% CI: .05, .06]; CFI = .89; SRMR = .07). Moreover, the 

modified model produced a lower AIC value relative to the originally proposed model 

(61254.01 and 104237.02, respectively). To further evaluate appropriateness and 

uniqueness of retained items, interfactor items correlations were examined. All items 

correlated less than .90 (Field, 2013) and were therefore retained. Thus, all subsequent 

analyses to evaluate construct validity among the full sample used the modified factor 

structure with reduced items. See Table 1 for items and standardized factor loading. 

 Aim 1.1b. Baseline CFA for Women (N=243). As with the full sample, the originally 

proposed factor structure demonstrated poor model fit among women at baseline (X2[1169] 

= 3606.76, p < .001; RMSEA = .09 [90% CI: .09, .10]; CFI = .64; SRMR = .13). Again, factor 

loadings were evaluated. Ultimately, 10 items from the Negative Consequences subscale 

and 10 items from the Positive Reinforcement/Sensory Satisfaction subscale were 

removed. It should be noted that item 19 (“I will enjoy feeling a cigarette on my tongue and 

lips.”) met statistical guidelines for removal and item 33 (“I really enjoy a cigarette when I’m 

relaxed and feeling good.”) met statistical guidelines for retention; after reviewing item 
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content and factor loadings, however, item 19 was retained and item 33 was removed. The 

items that comprised the modified Negative Consequences subscale focused on long-term 

health consequences, whereas the removed items focused on social and short-term health 

consequences. Moreover, items that comprised the modified Positive 

Reinforcement/Sensory Satisfaction subscale focused on Sensory Satisfaction related to 

the mouth and throat, and removed items were conceptually related to relief from boredom 

and relaxations effects. The modified subscales as well as the two unmodified subscales 

were then examined for model fit. The modified model demonstrated acceptable overall fit 

(X2[399] = 1023.84, p < .001; RMSEA = .08 [90% CI: .07, .09]; CFI = .84; SRMR = .08). 

Moreover, the modified model produced a lower AIC value relative to the originally 

proposed model (27730.39 and 49594.69, respectively). To further evaluate 

appropriateness and uniqueness of retained items, interfactor items correlations were 

examined. All items correlated less than .90 (Field, 2013) and were therefore retained. 

Thus, all subsequent analyses to evaluate construct validity among women used the 

modified factor structure with reduced items. See Table 2 for items and standardized factor 

loading. 

 Aim 1.1c. Baseline CFA for Men (N=262). As with the first two structures, the 

originally proposed factor structure demonstrated poor model fit among men at baseline 

(X2[1169] = 3205.16, p < .001; RMSEA = .08 [90% CI: .08, .09]; CFI = .68; SRMR = .13 

Again, factor loadings were evaluated. Ultimately, 9 items from the Negative Consequences 

subscale and 9 items from the Positive Reinforcement/Sensory Satisfaction subscale were 

removed. The items that comprised the modified Negative Consequences subscale focused 

on long-term health consequences, whereas the removed items focused on social and 

short-term health consequences. Moreover, items that comprised the modified Positive 

Reinforcement/Sensory Satisfaction subscale focused on Sensory Satisfaction related to 

the mouth and throat, and removed items were conceptually related to relief from boredom 
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and relaxations effects. The modified subscales as well as the two unmodified subscales 

were then examined for model fit. The modified model demonstrated acceptable overall fit 

(X2[458] = 1000.25, p < .001; RMSEA = .07 [90% CI: .06, .07]; CFI = .86; SRMR = .08). 

Moreover, the modified model produced a lower AIC value relative to the originally 

proposed model (33111.04 and 54000.25, respectively). To further evaluate 

appropriateness and uniqueness of retained items, interfactor items correlations were 

examined. All items correlated less than .90 (Field, 2013) and were therefore retained. 

Thus, all subsequent analyses to evaluate construct validity among men used the modified 

factor structure with reduced items. See Table 3 for items and standardized factor loading. 

 Aim 1.2a. Quit Week CFA for Full Sample (N=263). The modified factor structure 

demonstrated adequate model fit with the full sample at quit week (X2[428] = 1036.54, p < 

.001; RMSEA = .07 [90% CI: .07, .08]; CFI = .88; SRMR = .07).  

 Aim 1.2b. Quit Week CFA for Women (N=140). The modified factor structure 

demonstrated poor model fit among women at quit week (X2[399] = 846.88, p < .001; 

RMSEA = .09 [90% CI: .08, .10]; CFI = .85; SRMR = .08). Modification indices suggested 

allowing residuals of items 36 (“The more I smoke, the more I risk my health”) and 16 (“I will 

probably die earlier if I continue to smoke”) to covary. The content overlap supported this 

modification, however the modified model resulted in a non-positive definite, such that the 

residual correlation between these variables was greater than 1. Thus, this modification 

was not employed and other modifications were examined. Modification indices suggested 

allowing residuals of items 41 (“The longer I smoke, the harder it will be to quit”) and 31 (“I 

will become more dependent on nicotine if I continue smoking”) to covary. The content 

overlap supported this modification. The modified model fit significantly better than the 

previous model (SB Scaled ΔX2 (1) = 7.37, p = .007), yet still poor overall fit (X2[398] = 

817.32, p < .001; RMSEA = .09 [90% CI: .08, .10]; CFI = .86; SRMR = .08). Modification 

indices suggested allowing residuals of items 12 (“Cigarettes help me deal with my anger”) 
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and 3 (“Smoking reduces my anger”) to covary. The content overlap supported this 

modification. The modified model fit significantly better than the previous model (SB Scaled 

ΔX2 (1) = 14.38, p < .001) and demonstrated adequate overall fit (X2[397] = 789.21, p < 

.001; RMSEA = .08 [90% CI: .08, .09]; CFI = .87; SRMR = .08).  

 Aim 1.2c. Quit Week CFA for Men (N=121). The modified factor structure 

demonstrated poor model fit among men at quit week (X2[458] = 861.55, p < .001; RMSEA 

= .09 [90% CI: .08, .09]; CFI = .85; SRMR = .09). Modification indices suggested allowing 

residuals of items 41 (“The longer I smoke, the harder it will be to quit”) and 31 (“I will 

become more dependent on nicotine if I continue smoking”) to covary. The content overlap 

supported this modification. The modified model fit significantly better than the previous 

model (SB Scaled ΔX2 (1) = 16.19, p < .001), yet still poor overall fit (X2[457] = 824.120, p < 

.001; RMSEA = .08 [90% CI: .07, .09]; CFI = .87; SRMR = .09). Modification indices 

suggested allowing residuals of items 47 (“When I’m angry, a cigarette can calm me down”) 

and 35 (“When I’m upset with someone, a cigarette helps me cope”) to covary. The content 

overlap supported this modification. The modified model fit significantly better than the 

previous model (SB Scaled ΔX2 (1) = 12.04, p = .001), yet still poor overall fit (X2[456] = 

799.05, p < .001; RMSEA = .08 [90% CI: .07, .09]; CFI = .88; SRMR = .09). Modification 

indices suggested allowing residuals of items 43 (“I enjoy feeling the smoke hit my mouth 

and the back of my throat”) and 19 (“I will enjoy feeling a cigarette on my tongue and lips”) 

to covary. The content overlap supported this modification. The modified model fit 

significantly better than the previous model (SB Scaled ΔX2 (1) = 18.07, p < .001), yet still 

poor overall fit (X2[455] = 774.77, p < .001; RMSEA = .08 [90% CI: .07, .09]; CFI = .88; 

SRMR = .09). Modification indices suggested allowing residuals of items 12 (“Cigarettes 

help me deal with anger”) and 3 (“Smoking reduces my anger”) to covary. The content 

overlap supported this modification. The modified model fit significantly better than the 

previous model (SB Scaled ΔX2 (1) = 13.98, p < .001), yet still overall fit was still poor 
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(X2[454] = 753.51, p < .001; RMSEA = .07 [90% CI: .06, .08]; CFI = .89; SRMR = .09). 

Modification indices suggested allowing residuals of items 47 (“When I’m angry, a cigarette 

can calm me down”) and 35 (“When I’m upset with someone, a cigarette helps me cope”) to 

covary. The content overlap supported this modification. The modified model fit significantly 

better than the previous model (SB Scaled ΔX2 (1) = 34.95, p < .001), and demonstrated 

adequate overall fit (X2[453] = 735.00, p < .001; RMSEA = .07 [90% CI: .06, .08]; CFI = .90; 

SRMR = .09). 

 Aim 1.3a. One-month Follow-up CFA for Full Sample (N=208). The modified 

factor structure demonstrated adequate model fit with the full sample at the one-month 

follow-up (X2[428] = 804.81, p < .001; RMSEA = .07 [90% CI: .06, .08]; CFI = .93; SRMR = 

.06).  

 Aim 1.3b. One-month Follow-up CFA for Women (N=110). The modified factor 

structure demonstrated adequate model fit among women at the one-month follow-up 

(X2[399] = 666.27, p < .001; RMSEA = .08 [90% CI: .07, .09]; CFI = .91; SRMR = .07).  

 Aim 1.3c. One-month Follow-up CFA for Men (N=98). The number of free 

parameters estimated (102) exceeded the number of participants; therefore, a stable, valid 

CFA could not be estimated for men at the one-month follow-up. 

 Aim 1.4a. Three-month Follow-up CFA for Full Sample (N=156). The modified 

factor structure demonstrated adequate model fit with the full sample at the three-month 

follow-up (X2[428] = 765.92, p < .001; RMSEA = .07 [90% CI: .06, .08]; CFI = .92; SRMR = 

.05).  

 Aim 1.4b. Three-month Follow-up CFA for Women (N=78). The number of free 

parameters estimated (96) exceeded the number of participants; therefore, a stable, valid 

CFA could not be estimated for men at the three-month follow-up. 
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 Aim 1.4c. Three-month Follow-up CFA for Men (N=77). The number of free 

parameters estimated (102) exceeded the number of participants; therefore, a stable, valid 

CFA could not be estimated for men at the three-month follow-up. 

Aim 2: Reliability 

Aim 2a. Internal Consistency at Baseline. Among the full sample, internal 

consistency was excellent across all subscales (all alpha’s ≥ .90). Among women, internal 

consistency was good to excellent across all subscales (alpha’s range .89 to .94). Among 

men, internal consistency was good to excellent across all subscales (alpha’s range .88 to 

.93). See Table 5. 

 Aim 2b. Test-retest reliability between Baseline, Quit Week, and 1-Month 

Follow-up. Among the full sample, test-retest was excellent for all subscales across 

baseline to quit week (all p’s < .001) as well as baseline to 1-month follow-up. Among 

women, test-retest was excellent for all subscales across baseline to quit week (all p’s < 

.01) as well as baseline to 1-month follow-up, except for Negative Consequences subscale 

(p > .05). Among men, test-retest was excellent for all subscales across baseline to quit 

week (all p’s < .001); test-retest was not examined between baseline and 1-month follow-up 

among men because the factor structure could not be confirmed for men at the 1-month 

follow-up. See Table 5. 

Aim 3: Convergent and discriminant validity  

Aim 3a. Convergent and Discriminant Validity Tests across Full Sample. The 

Negative Consequences subscale demonstrated positive associations with dysphoria, 

perceived barriers to cessation and smoking-specific experiential avoidance. The Negative 

Consequences subscale was positively associated with positive affect. The Positive 

Reinforcement/Sensory Satisfaction subscale demonstrated a positive association with 

negative affect, perceived barriers to cessation, and smoking-specific experiential 

avoidance. The Positive Reinforcement/Sensory Satisfaction was not associated with 



PSYCHOMETRIC PROPERTIES OF THE SCQ 29 
 

	  

positive affect. The Negative Reinforcement/Negative Affect Reduction subscale 

demonstrated positive associations with anxiety sensitivity, dysphoria, negative affect, 

perceived barriers to cessation, and smoking-specific experiential avoidance. Negative 

Reinforcement/Negative Affect Reduction was negatively associated with positive affect. 

The Appetite-Weight Control subscale demonstrated positive associations with anxiety 

sensitivity, dysphoria, negative affect, perceived barriers to cessation, and smoking-specific 

experiential avoidance. Appetite-Weight Control was negatively associated with positive 

affect. See Table 6. 

 Aim 3b. Convergent and Discriminant Validity Tests among Women. The 

Negative Consequences subscale demonstrated positive associations with perceived 

barriers to cessation and smoking-specific experiential avoidance. Negative Consequences 

was not associated with positive affect. The Positive Reinforcement/Sensory Satisfaction 

subscale demonstrated a positive association with perceived barriers to cessation. Positive 

Reinforcement/Sensory Satisfaction was not associated with positive affect. The Negative 

Reinforcement/Negative Affect Reduction subscale demonstrated positive associations with 

anxiety sensitivity, dysphoria, negative affect, perceived barriers to cessation, and smoking-

specific experiential avoidance. Negative Reinforcement/Negative Affect Reduction was 

negatively associated with positive affect. The Appetite-Weight Control subscale 

demonstrated positive associations with perceived barriers to cessation and smoking-

specific experiential avoidance. Appetite-Weight Control was not associated with positive 

affect. See Table 6. 

 Aim 3c. Convergent and Discriminant Validity Tests among Men. The Negative 

Consequences subscale demonstrated positive associations with dysphoria, perceived 

barriers to cessation, and smoking-specific experiential avoidance. Negative Consequences 

was also positively associated with positive affect. The Positive Reinforcement/Sensory 

Satisfaction subscale demonstrated a positive association with dysphoria, perceived 
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barriers to cessation, and smoking-specific experiential avoidance. Positive 

Reinforcement/Sensory Satisfaction was not associated with positive affect. The Negative 

Reinforcement/Negative Affect Reduction subscale demonstrated positive associations with 

anxiety sensitivity, dysphoria, negative affect, perceived barriers to cessation, and smoking-

specific experiential avoidance. Negative Reinforcement/Negative Affect Reduction was not 

associated with positive affect. The Appetite-Weight Control subscale demonstrated 

positive associations with anxiety sensitivity, dysphoria, negative affect, perceived barriers 

to cessation, and smoking-specific experiential avoidance. Appetite-Weight Control was 

negatively associated with positive affect. See Table 6. 

Aim 4: Predictive validity 

 Aim 4. Path model among successful quitters (n=76). Results from the single 

path model wherein withdrawal severity at quit week was regressed on baseline SCQ factor 

scores (allowed to correlate) and covariates, which included negative affect, sex, nicotine 

dependence, tobacco-related illnesses, presence of an Axis I disorder, and treatment 

condition, revealed that only the Negative Consequences subscale (b = 1.14, SE = .58, β = 

0.23, p = .05) and negative affect (b = 0.24, SE = .08, β = .38, p < .01) predicted withdrawal 

severity. Both the Negative Consequences subscale and negative affected exhibited a 

medium effect size (Cohen’s d = .49 and Cohen’s d = .74, respectively). The low number of 

successful quitters did not permit examining path models among women and men 

separately.  

Aims 5-7: Measurement invariance across sex and time 

Aim 5-7a. Measurement Invariance Across Sex at Baseline, Quit Week, 1-

Month Follow-up, and 3-Month Follow-up. The final factor structures for men and women 

differed; therefore, configural invariance was not met. Subsequent tests of measurement 

invariance were not examined across sex. 
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 Aim 5-7b. Longitudinal Measurement Invariance with the Full Sample across 

Baseline, Quit Week, 1-Month Follow-up, and 3-Month Follow-up. The sample did not 

demonstrate measurement invariance across sex; therefore, findings from analyses in 

which men and women are combined may impose bias. Thus, longitudinal measurement 

invariance was not examined with the full sample.  

Exploratory Analyses: Measurement invariance across sex and time with SCQ 

Negative Reinforcement/Negative Affect Reduction and SCQ Appetite-Weight Control 

subscales 

 Analysis 1a. Measurement Invariance for the Negative Reinforcement/Negative 

Affect Reduction and Appetite-Weight Control subscales Across Sex at baseline. 

First, configural invariance was assessed by examining the pattern of factor loadings for 

Negative Reinforcement/Negative Affect Reduction and Appetite-Weight Control for women 

and men at baseline. The reduced factor model demonstrated configural invariance across 

sex (X2[236] = 609.98, p < .001; RMSEA = .08 [90% CI: .07, .09]; CFI = .90; SRMR = .06). 

Next, metric invariance was examined by constraining factor loading for the same items 

across sex to be equal at baseline. The two-factor structure metric invariance model 

demonstrated adequate overall fit (X2[251] = 647.83, p < .001; RMSEA = .08 [90% CI: .07, 

.09]; CFI = .90; SRMR = .07). However, SB Scaled X2 difference test for nested models 

indicated that the metric invariance model fit significantly worse than the configural 

invariance model (SB Scaled ΔX2 (15) = 37.64, p = .001), and change in additional fit 

statistics indicated possible non-invariance (ΔCFI = .006; ΔRMSEA = .000). The 

modification indices suggested that item 38 (e.g., ‘Cigarettes keep me from eating more 

than I should’) factor loading was the largest source of the misfit and should be allowed to 

vary across sex. After freeing the factor loading for item 38, the partial metric invariance 

model fit better than the full metric invariance model (SB Scaled Δ X2 (1) = 18.75, p < .001) 

and did not fit significantly worse than the configural model (SB Scaled Δ X2 (14) = 23.41, p 
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>.05), thereby demonstrating partial metric invariance (X2[250] = 635.53, p < .001; RMSEA 

= .08 [90% CI: .07, .09]; CFI = .90; SRMR = .07). Finally, to examine scalar invariance, 

intercepts for same items were constrained across sex to be equal, except for item 38 

which did not demonstrate metric invariance. Negative Reinforcement/Negative Affect 

Reduction and Appetite-Weight Control demonstrated partial scalar invariance (X2[264] = 

655.758, p < .001; RMSEA = .08 [90% CI: .07, .08]; CFI = .90; SRMR = .07), such that the 

scalar invariance model did not fit significantly worse than the metric invariance model (SB 

Scaled ΔX2(14) = 15.44, p >.05). 

 Analysis 1b. Measurement Invariance for the Negative 

Reinforcement/Negative Affect Reduction and Appetite-Weight Control subscales 

Across Sex at Quit Week. First, configural invariance was assessed by examining the 

pattern of factor loadings for Negative Reinforcement/Negative Affect Reduction and 

Appetite-Weight Control for women and men at quit week. The reduced factor model 

demonstrated configural invariance across sex (X2[236] = 490.653, p < .001; RMSEA = .08 

[90% CI: .08, .10]; CFI = .91; SRMR = .06). Next, metric invariance was examined by 

constraining factor loading for the same items across sex to be equal at baseline. The 

constrained two-factor structure model did not fit significantly worse than the configural 

invariance model (SB Δ Scaled X2 (15) = 8.58, p > .05) and demonstrate adequate overall 

fit (X2[251] = 504.571, p < .001; RMSEA = .09 [90% CI: .08, .10]; CFI = .91; SRMR = .06), 

thereby providing support for full metric invariance. Finally, to examine scalar invariance, 

intercepts for same items were constrained to be equal across sex. Negative 

Reinforcement/Negative Affect Reduction and Appetite-Weight Control demonstrated scalar 

invariance (X2[266] = 525.74, p < .001; RMSEA = .09 [90% CI: .08, .10]; CFI = .90; SRMR = 

.07), such that the scalar invariance model did not fit significantly worse than the metric 

invariance model (SB Scaled ΔX2 (15) = 19.36, p >.05). 
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 Analysis 2. Longitudinal Measurement Invariance for the Negative 

Reinforcement/Negative Affect Reduction and Appetite-Weight Control subscales 

with the Full Sample across Baseline and Quit Week. Considering that women and men 

were non-invariant for only one item at baseline and fully invariant at quit week, women and 

men were combined to test longitudinal measurement invariance. First, configural 

invariance was assessed by examining the pattern of factor loadings for Negative 

Reinforcement/Negative Affect Reduction and Appetite-Weight Control across baseline and 

quit week. The reduced factor model demonstrated configural invariance across the two 

time points (X2[504] = 1148.54, p < .001; RMSEA = .05 [90% CI: .05, .05]; CFI = .92; SRMR 

= .06). Next, metric invariance was examined by constraining factor loading for the same 

items across baseline and quit week. The constrained two-factor structure model 

demonstrated adequate overall fit (X2[519] = 1185.68, p < .001; RMSEA = .05 [90% CI: .05, 

.05]; CFI = .91; SRMR = .06). However, SB Scaled X2 difference test for nested models 

indicated that the metric invariance model fit significantly worse than the configural 

invariance model (SB Scaled ΔX2 (15) = 37.86, p = .001). Yet, change in other fit indices 

indicated that the model demonstrated full metric invariance from baseline to quit week 

(ΔCFI = .003; ΔRMSEA = .001); thus, the model was determined to demonstrate full metric 

invariance. Finally, to examine scalar invariance, intercepts for same items were 

constrained to be equal across the two time points. Negative Reinforcement/Negative Affect 

Reduction and Appetite-Weight Control scalar invariance model demonstrated adequate 

overall fit (X2[534] = 1250.51, p < .001; RMSEA = .05 [90% CI: .05, .05]; CFI = .91; SRMR = 

.06). As with the metric invariance model, however, the SB Scaled X2 difference test 

suggested that the scalar invariance model fit significantly worse than the metric invariance 

model (SB Scaled ΔX2 (15) = 70.09, p < .001). Changes in the CFI (Δ = .007) and RMSEA 

(Δ = .001) also provided evidence for possible non-invariance. Modification indices 

suggested that item 10 (e.g., ‘If I’m tense, a cigarette helps me to relax.’) was the largest 
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source of the misfit and the intercept should be allowed to vary across time points. After 

relaxing the constraint on item 10 intercept, the partial scalar invariance model fit better 

than the full scalar invariance model (SB Scaled Δ X2 (1) = 18.34, p < .001). The partial 

scalar invariance fit significantly worse than the metric invariance model according to the X2 

difference test (SB Scaled ΔX2 (14) = 49.96, p < .001); yet, change in other fit indices 

indicated that the partial invariance model did not fit significantly worse than the metric 

invariance from baseline to quit week (ΔCFI = .005; ΔRMSEA = .000). Thus, the model was 

determined to demonstrate partial scalar invariance after un-constraining the intercept for 

item 10. 

DISCUSSION 
 
  

The current study sought to evaluate the psychometric properties of the SCQ across 

sex and longitudinally. First, the assumed four-factor SCQ structure was examined. 

Second, construct validity was assessed by examining the reliability of the SCQ factors, 

associations among SCQ subscales and affective and smoking processes proposed to be 

related to and distinct from SCQ subscales, and the predictive value for SCQ subscales to 

predict quit day withdrawal severity among successful quitters. Finally, measurement 

invariance of the SCQ was examined. Results indicated that the originally proposed four-

factor SCQ does not adequately explain covariance between items, particularly across the 

Negative Consequences and Positive Reinforcement/Sensory Satisfaction subscales, and 

that the SCQ may be modeled best by a four-factor solution wherein items with poor factor 

loadings are removed. Additionally, the present study provides evidence for construct 

validity of the refined measure. Finally, although measurement invariance was not 

appropriate to examine across the full measure, SCQ Negative Reinforcement/Negative 

Affect Reduction and Appetite-Weight Control demonstrated measurement invariance 

across sex at two time points, as well as longitudinally.  
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The present study found poor model fit for the assumed four-factor structure with the 

full sample and across sex. All items demonstrated strong loadings for the Negative 

Reinforcement/Negative Affect Reduction and Appetite-Weight Control factors, but several 

items of the Negative Consequences and Positive Reinforcement/Sensory Satisfaction 

subscales demonstrated poor factor loadings (< 0.6; Matsunaga, 2015). These poorly 

loading items were assumed to contribute largely to the poor model fit. Moreover, different 

items demonstrated poor loadings for the Negative Consequences and Positive 

Reinforcement/Sensory Satisfaction factors across sex. After removing items with poor 

factor loading, the models specified for the full sample, women, and men revealed superior 

overall model relative to the originally proposed model. Findings indicated that specific 

items proposed to load on the original SCQ Negative Consequences and Positive 

Reinforcement/Sensory Satisfaction subscales may not be adequately explained by the 

factor across these three groups, and the specific items that should be retained or removed 

may slightly differ across sex. A plausible explanation for the observation is that the original 

factor structure was created using scores that considered subjective expected utility (i.e., 

the cross-product of desirability and likelihood scores; Brandon & Baker, 1991), whereas 

the present study utilized only likelihood scores. Moreover, the subsequent CFA to confirm 

that assumed four-factor structure used parcels (Wetter et al., 1994), yet the present study 

considered item-level data. Thus, utilizing the measurement most commonly used to 

assess the SCQ, e.g., likelihood scores, and nuanced information captured by item-level 

factor loadings revealed potential misspecifications of the originally proposed SCQ model.  

Despite the slightly different items across these factors, the refined Negative 

Consequences and Positive Reinforcement/Sensory Satisfaction factors tapped into a more 

uniform, specific aspect of smoking expectancies relative to the originally proposed factors. 

Indeed, the refined Negative Consequences and Positive Reinforcement/Sensory 

Satisfaction subscales across sex, as well as with the full sample, conceptually captured 
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long-term negative consequences and sensory satisfaction, respectively. The refined 

factors may therefore provide slightly more nuanced insight into how specific expectancies 

relate to other smoking constructs and interfere with quit behavior.  

The modified factor structures were generally confirmed at quit week for all groups, 

and at 1-month follow-up with the full sample and among women. Moreover, the refined 

Negative Consequences and Positive Reinforcement/Sensory Satisfaction factors as well 

as the originally proposed Negative Reinforcement/Negative Affect Reduction and Appetite-

Weight Control factors evinced good internal consistency as well as test-retest reliability. It 

should be noted, however, that test-retest reliability between baseline and 1-month follow-

up was not observed among women for the Negative Consequences subscale. Given the 

substantial modification to the SCQ, the current work should be replicated in an 

independent sample of smokers. 

Beyond the factor structure, observed associations between the SCQ subscale and 

affective and smoking processes provide construct validity for the refined SCQ. Among the 

full sample, the SCQ Negative Reinforcement/Negative Affect Reduction and Appetite-

Weight Control subscales positively correlated with constructs that reliably interfere with 

smoking cessation (Carmody et al., 2007; Copeland et al., 1995a), and negatively 

associated with a construct that may promote smoking cessation success (Bränström et al., 

2010; Day et al., 2014; Piper et al., 2008). The Negative Consequences and Positive 

Reinforcement/Sensory Satisfaction subscales demonstrated positive associations with 

smoking-specific cognitive processes that may impede quitting, but inconsistent relations 

were observed between these two factors and affective vulnerabilities. Indeed, the Negative 

Consequences subscale related to dysphoria only and the Positive Reinforcement/Sensory 

Satisfaction related to negative affect only. The modifications made to these subscales may 

have influenced current finding and warrant replication.  

When relations were examined separately by sex, inconsistent associations 
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emerged across SCQ factors and constructs of interest. First, all SCQ factors positively 

related to smoking-specific constructs, expect the Positive Reinforcement/Sensory 

Satisfaction factor and smoking-specific experiential avoidance among women. Second, the 

Negative Reinforcement/Negative Affect Reduction subscale positively related to all 

affective vulnerabilities that impede smoking cessation across sex. Conversely, Negative 

Consequences, Positive Reinforcement/Sensory Satisfaction, and Appetite-Weight Control 

subscales did not relate to any affective vulnerability that may impede smoking cessation 

among women, but all related to dysphoria among men. An association between Appetite-

Weight Control and anxiety sensitivity and negative affect was also observed among men. 

Regarding positive affect, negatively associations emerged between the Negative 

Reinforcement/Negative Affect Reduction factor among women and between the Appetite-

Weight Control factor among men. Positive affect also positively correlated with Negative 

Consequences among men. Together, findings suggest that there may be sex-specific 

associations between smoking expectancies and affective vulnerabilities and smoking 

processes that impede and promote quit behavior. With the growing interest to understand 

sex disparities in substance use (Back, 2007) as well as mental health (Organization, 

2013), an important next step in this line of inquiry would be to examine the unique role of 

sex in terms of associations between smoking expectancies and additional constructs that 

may impact quit success.   

The Negative Consequences factor emerged as the only SCQ factor to significantly 

predict withdrawal severity. This finding is in contrast to findings reported by Wetter and 

colleagues (1994) as well as Langdon and Leventhal (2014). Wetter and colleagues (1994) 

reported a relation between all SCQ subscales, except Negative Consequences, and 

withdrawal severity; the latter group reported significant relations between Negative 

Reinforcement/Negative Affect Reduction and Appetite-Weight Control and withdrawal 

severity. Considering that Wetter and colleagues (1994) and the current study included only 
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participants who were abstinent at quit day in analyses examining associations between 

SCQ factors and withdrawal severity, the inconsistent findings may result from the current 

study using a more stringent, albeit potentially more empirically valid, cutoff to define 

abstinence. Moreover, Langdon and Leventhal (2014) included smokers who had 

successfully quit for 16 hours as well as those who did not. Including smokers who had not 

quit may have impacted ratings of withdrawal severity (Fiore et al., 1994) and thereby 

influences overall patterns of associations. Despite the non-significant association between 

the other SCQ factors and withdrawal severity at quit week, the positive relation between 

the Negative Consequences and withdrawal severity at quit week provides further evidence 

for construct validity and the clinical utility of the Negative Consequences subscale. Indeed, 

this novel finding is the first to provide empirical data for a relation between expectancies 

for negative consequences at pre-treatment and withdrawal severity at quit day. Given the 

robust association between drug use to avoid or escape negative mood or affective states, 

such as withdrawal symptoms, and cessation (see (Baker et al., 2004), elucidating pre-

treatment predictors of withdrawal severity provides important information that has the 

potential to impact treatment development. Moreover, understanding pre-treatment 

pathways that relate to withdrawal severity may help clinicians identify treatment seeking 

smokers who may be at greater risk for increased withdrawal severity and subsequently 

quit failure. 

Considering that women and men demonstrated similar factors, but different 

indicators across two of the factors, configural invariance was not met. When configural 

invariance is not met, further steps of measurement invariance with the full measure are not 

appropriate to test (Vandenberg & Lance, 2000). Thus, the measurement invariance was 

not examined across sex. Moreover, longitudinal measurement invariance in which a 

common measurement model is assessed is appropriate when groups (i.e., sexes) 

demonstrate measurement invariance (Pentz & Chou, 1994). In the present study, 
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measurement invariance was not met across sex; therefore, examining measurement 

invariance longitudinally among a common measurement model in which both sexes are 

combine would impose bias. Subsequently, measurement invariance was not explored 

among a combined sample.  

Variations in the pattern of factor-indicator relations across sex were isolated to the 

Negative Consequences and Positive Reinforcement/Sensory Satisfaction subscales. Thus, 

consistent with Vandenberg and Lance (2000) recommendations to proceed with further 

tests of measurement invariance when partial configural invariance is demonstrated for 

unique dimensions of a multidimensional construct, an exploratory analysis of 

measurement invariance was examined across sex with the two factors that demonstrated 

configural invariance, e.g., the Negative Reinforcement/Negative Affect Reduction and 

Appetite-Weight Control subscales. The Negative Reinforcement/Negative Affect Reduction 

and Appetite-Weight Control subscales demonstrated partial measurement invariance 

across sex at baseline and full measurement invariance across sex at quit week. 

Additionally, partial measurement invariance was established across baseline and quit 

week for these subscales. These findings suggest that (a) these factors have the same 

structure across sex and over time (e.g., pattern of factor-indicator relationships are 

identical); (b) the strengths of the relations between each indicator and its associated factor 

is equal across sex and over time (e.g., the factor loading for each item did not significantly 

differ), with the exception of item 38 at baseline; and (c) item means are equal for 

participants with equal latent variable means across sex and over time (e.g., the item 

intercepts did not differ), with the exception of item 10 longitudinally. Moreover, despite the 

slight non-invariance across sex at baseline and over time, the current results provide 

evidence that the inferences and interpretability of these two SCQ subscales is strong. 

Indeed, extant work suggests that valid inferences regarding construct means can be made 

if there are at least two indicators with equal factor loading and intercepts across time 
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(Byrne et al., 1989). Thus, the present work provides initial evidence that mean differences 

across sex as well as over time regarding the SCQ Negative Reinforcement/Negative Affect 

Reduction and Appetite-Weight Control subscales result from substantive differences in the 

trait rather than an artifact of measurement bias.  

Clinically, the psychometric properties demonstrated by the SCQ suggest that it may 

be advisable for clinicians to administer an abbreviated version of the SCQ as a way to 

inform treatment and track smoking expectancies, particularly for smokers interested in or 

attempting to quit. Moreover, the SCQ may be more impactful if two of the subscales were 

tailored by sex. Given that the SCQ taps into multiple domains of smoking outcome 

expectancies, clinicians may be able to isolate particular expectancies that may most 

interfere with quitting. This approach would allow for a more individualized treatment plan 

that may promote greater quit success.  

There are a number of study limitations. First, the sample was largely comprised of 

a relatively homogenous group of treatment-seeking smokers, and therefore, it will be 

important for future studies to recruit a more ethnically/racially diverse sample of smokers. 

Second, the small sample size and large number of estimated parameters may have 

impacted findings, and therefore all findings should be interpreted with caution. Indeed, 

prior work suggests a sample size of 200 or a participant to parameter estimated ratio of 

20:1 (Kline, 2011). The present study did not meet these recommendations for CFA’s 

across sex at time points beyond the baseline. Thus, the small sample size may have 

impacted the stability and accuracy of current findings. Finally, the sample included 

treatment-seeking smokers. Thus, the current findings cannot be extrapolated to all 

smokers. Future work may consider replicating the present study with a sample of smokers 

from the general population not presently interested in quitting.  

Overall, the present findings provide initial evidence for an item reduced model 

structure of the SCQ and suggests divergent model structures across sex. Fit statistics 
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support the potential superiority of the refined models over the originally proposed model 

among the full sample and across sex. Additionally, the refined models evinced acceptable 

fit at multiple time points and demonstrated excellent internal and test-retest reliability as 

well as associative and discriminant validity providing further support for the refined model 

structure. The refined models were not tested for measurement invariance across sex or 

over-time as configural invariance was not established. However, the Negative 

Reinforcement/Negative Affect Reduction nor Appetite-Weight Control subscales 

demonstrated measurement invariance across sex and between baseline and quit day. 

Together, the refined SCQ evinced properties that suggest it is a stable construct that 

assesses several specific smoking expectancies and is related to several affective and 

smoking processes the may interfere with cessation. 
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Table 1. Items retained for factors across full sample (n = 508) 

Item 
Standardized 

Loading Item 
Standardized 

Loading 

Factor 1. Long-term Health 
Consequences 

Factor 3: Negative 
Reinforcement/Negative Affect 

Reduction 
22. By smoking I risk 
heart disease and 
lung cancer. 

0.77  3. Smoking reduces 
my anger. 

0.72 

42. Smoking is 
hazardous to my 
health. 

0.81 12. Cigarettes help 
me deal with anger. 

0.80 

36. The more I 
smoke, the more I risk 
my health. 

0.82 6. Cigarettes help me 
deal with anxiety or 
worry. 

0.79 

41. The longer I 
smoke, the harder it 
will be to quit. 

0.60 47. When I’m angry, 
a cigarette can calm 
me down. 

0.78 

50. Smoking is taking 
years off my life. 

0.75 44. Smoking calms 
me down when I feel 
nervous. 

0.78 

16. I will probably die 
earlier if I continue to 
smoke. 

0.67 10. If I’m tense, a 
cigarette helps me to 
relax. 

0.72 

37. Each cigarette I 
smoke maintains my 
addiction. 

0.79 8. Smoking helps me 
deal with depression. 

0.64 

31. I will become 
more dependent on 
nicotine if I continue  
smoking. 

0.66 23. Cigarettes help 
me reduce or handle 
tension. 

0.79 

Factor 2. Sensory Satisfaction 
4. Cigarettes help me 
concentrate. 

0.65 

1. Cigarettes taste 
good. 

0.79 35. When I’m upset 
with someone, a 
cigarette helps me 
cope. 

0.80 

13. When I smoke, 
the taste is pleasant. 

0.92 15. If I’m 
disappointed in 
myself, a good smoke 
can help. 

0.71 

17. I will enjoy the 
flavor of a cigarette. 

0.89 26. When I am sad, 
smoking makes me 
feel better. 

0.77 

7. I enjoy the taste 
sensations while 
smoking. 

0.85 

Factor 4: Appetite-Weight Control  
19. I will enjoy feeling 
a cigarette on my 
tongue and lips. 

0.59 2. Smoking controls 
my appetite. 

0.71 

43. I enjoy feeling the 0.57 40. Smoking keeps 0.85 
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smoke hit my mouth 
and the back  
of my throat. 

my weight down. 

  38. Cigarettes keep 
me from eating more 
than I should. 

0.86 

 
 

 32. Smoking helps 
me control my weight. 

0.84 

  11. Cigarettes keep 
me from overeating. 

0.82 
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Table 2. Items retained for factors across women (n = 243) 

Item 
Standardized 

Loading Item 
Standardized 

Loading 
Factor 1. Long-term Health 

Consequences 
Factor 3: Negative 

Reinforcement/Negative Affect Reduction 
22. By smoking I risk 
heart disease and 
lung cancer. 

0.77  3. Smoking reduces my 
anger. 

0.70 

42.Smoking is 
hazardous to my 
health. 

0.89 12. Cigarettes help me 
deal with anger. 

0.77 

36. The more I 
smoke, the more I 
risk my health. 

0.88 6. Cigarettes help me deal 
with anxiety or worry. 

0.82 

41. The longer I 
smoke, the harder it 
will be to quit. 

0.57 47. When I’m angry, a 
cigarette can calm me 
down. 

0.81 

50. Smoking is 
taking years off my 
life. 

0.76 44. Smoking calms me 
down when I feel nervous. 

0.84 

16. I will probably 
die earlier if I 
continue to smoke. 

0.70 10. If I’m tense, a cigarette 
helps me to relax. 

0.75 

37. Each cigarette I 
smoke maintains my 
addiction. 

0.77 8. Smoking helps me deal 
with depression. 

0.62 

31. I will become 
more dependent on 
nicotine if I continue  
smoking. 

0.65 23. Cigarettes help me 
reduce or handle tension. 

0.86 

Factor 2. Sensory Satisfaction 
4. Cigarettes help me 
concentrate. 

0.64 

1. Cigarettes taste 
good. 

0.78 35. When I’m upset with 
someone, a cigarette 
helps me cope. 

0.79 

13. When I smoke, 
the taste is pleasant. 

0.93 15. If I’m disappointed in 
myself, a good smoke can 
help. 

0.72 

17. I will enjoy the 
flavor of a cigarette. 

0.90 26. When I am sad, 
smoking makes me feel 
better. 

0.74 

7. I enjoy the taste 
sensations while 
smoking. 

0.85 

Factor 4: Appetite-Weight Control 
19. I will enjoy 
feeling a cigarette 
on my tongue and 
lips. 

0.48 2. Smoking controls my 
appetite. 

0.70 

  40. Smoking keeps my 
weight down. 

0.92 

  38. Cigarettes keep me 0.80 
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from eating more than I 
should. 

 
 

 32. Smoking helps me 
control my weight. 

0.90 

  11. Cigarettes keep me 
from overeating. 

0.80 



PSYCHOMETRIC PROPERTIES OF THE SCQ 51 
 

	  

Table 3. Items retained for factors across men (n = 262) 

Item 
Standardized 

Loading Item 
Standardized 

Loading 
Factor 1. Long-term Health 

Consequences 
Factor 3: Negative 

Reinforcement/Negative Affect Reduction 
22. By smoking I risk 
heart disease and 
lung cancer. 

0.74  3. Smoking reduces my 
anger. 

0.73 

42.Smoking is 
hazardous to my 
health. 

0.75 12. Cigarettes help me 
deal with anger. 

0.81 

36. The more I 
smoke, the more I 
risk my health. 

0.78 6. Cigarettes help me 
deal with anxiety or 
worry. 

0.77 

41. The longer I 
smoke, the harder it 
will be to quit. 

0.62 47. When I’m angry, a 
cigarette can calm me 
down. 

0.75 

50. Smoking is 
taking years off my 
life. 

0.71  44. Smoking calms me 
down when I feel 
nervous. 

0.70 

16. I will probably 
die earlier if I 
continue to smoke. 

0.64 10. If I’m tense, a 
cigarette helps me to 
relax. 

0.68 

37. Each cigarette I 
smoke maintains my 
addiction. 

0.82 8. Smoking helps me 
deal with depression. 

0.64 

31. I will become 
more dependent on 
nicotine if I continue  
smoking. 

0.66 23. Cigarettes help me 
reduce or handle tension. 

0.72 

27. Cigarettes 
control me more and 
more the longer I 
smoke. 

0.56 4. Cigarettes help me 
concentrate. 

0.65 

Factor 2. Sensory Satisfaction	  

35. When I’m upset with 
someone, a cigarette 
helps me cope. 

0.79 

1. Cigarettes taste 
good. 

0.81 15. If I’m disappointed in 
myself, a good smoke 
can help. 

0.69 

13. When I smoke, 
the taste is pleasant. 

0.92 26. When I am sad, 
smoking makes me feel 
better. 

0.79 

17. I will enjoy the 
flavor of a cigarette. 

0.89 
Factor 4: Appetite-Weight Control 

7. I enjoy the taste 
sensations while 
smoking. 

0.86 2. Smoking controls my 
appetite. 

0.66 

19. I will enjoy 
feeling a cigarette 
on my tongue and 

0.69 40. Smoking keeps my 
weight down. 

0.79 
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lips. 
43. I enjoy feeling 
the smoke hit my 
mouth and the back  
of my throat. 

0.66 38. Cigarettes keep me 
from eating more than I 
should. 

0.90 

  32. Smoking helps me 
control my weight. 

0.78 

 
 

 11. Cigarettes keep me 
from overeating. 

0.78 
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Table 4. Reliability of the refined SCQ subscales at baseline across the full sample and by 
sex 

Variable Mean (SD) Number of Items Cronbach’s Alpha  
Full Sample (n = 508)    
  SCQ NC 7.9 (1.3) 8 .90 
  SCQ PR 5.2 (2.1) 6 .90 
  SCQ NR 5.6 (1.8) 12 .94 
  SCQ AW 4.2 (2.4) 5 .91 
Women (n = 243)    
  SCQ NC 8.1 (1.3) 8 .91 
  SCQ PR 5.3 (2.1) 5 .89 
  SCQ NR 6.0 (1.8) 12 .94 
  SCQ AW 4.8 (2.4) 5 .92 
Men (n = 262)    
  SCQ NC 7.5 (1.4) 9 .88 
  SCQ PR 5.1 (2.2) 6 .92 
  SCQ NR 5.3 (1.8) 12 .93 
  SCQ AW 3.5 (2.2) 5 .89 
Note. SCQ = Smoking Consequences Questionnaire; NC = Negative Consequences; PR = Positive 
Reinforcement/Sensory Satisfaction; NR = Negative Reinforcement/Negative Affect Reduction; AW = 
Appetite-Weight Control. 
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Table 5. Test-retest reliability of the refined SCQ subscales across the full sample and by 
sex 

 

Note. *** p < .001, ** p < .01, * p < .05. Test-retest was not examined between baseline and 1-month 
follow-up among men because the factor structure could not be confirmed for men at the 1-month 
follow-up. SCQ = Smoking Consequences Questionnaire; NC = Negative Consequences; PR = 
Positive Reinforcement/Sensory Satisfaction; NR = Negative Reinforcement/Negative Affect 
Reduction; AW = Appetite-Weight Control.

Variable Test-retest (BL-QW) Test-retest (BL-1M) 
Full Sample    
  SCQ NC .28*** .25*** 
  SCQ PR .62*** .46*** 
  SCQ NR .56*** .50*** 
  SCQ AW .60*** .56*** 
Women    
  SCQ NC .23** .13 
  SCQ PR .53*** .40*** 
  SCQ NR .55*** .41*** 
  SCQ AW .57*** .54*** 
Men    
  SCQ NC .34*** -- 
  SCQ PR .71*** -- 
  SCQ NR .55*** -- 
  SCQ AW .54*** -- 
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Table 6. Associations among the refined SCQ subscales and affective and smoking 
processes at baseline 
Variable ASI-III Dysphoria NA BCS AIS PA 
Full       
  SCQ NC .02 .09* .07 .27*** .40*** .12** 
  SCQ-PR .05 .08 .09* .25*** .17*** -.03 
  SCQ-NR .29*** .39*** .38*** .50*** .45*** -.16*** 
  SCQ-AP .15** .14** .14** .29*** .22*** -.14** 
Women       
  SCQ NC -.01 -.01 .02 .28*** .29*** .09 
  SCQ-PR -.001 -.02 .06 .25*** .09 -.03 
  SCQ-NR .24*** .32*** .31*** .47*** .42*** -.22 
  SCQ-AP .07 .09 .07 .23*** .14* -.07 
Men       
  SCQ NC .06 .19** .11 .27*** .49*** .12* 
  SCQ-PR .08 .15* .09 .25*** .23*** -.02 
  SCQ-NR .33*** .43*** .42*** .49*** .45*** -.09 
  SCQ-AP .19** .14* .16** .26*** .22*** -.19** 
Note. *** p < .001, ** p < .01, * p < .05. Test-retest was not examined between baseline and 1-month 
follow-up among men because the factor structure could not be confirmed for men at the 1-month 
follow-up. SCQ = Smoking Consequences Questionnaire; NC = Negative Consequences; PR = 
Positive Reinforcement/Sensory Satisfaction; NR = Negative Reinforcement/Negative Affect 
Reduction; AW = Appetite-Weight Control; ASI-III = Anxiety Sensitivity Index-III; NA = Positive and 
Negative Affect Schedule-Negative Affect; BCS = Barrier to Cessation; AIS = Avoidance and 
Inflexibility Scale; NA = Positive and Negative Affect Schedule-Positive Affect. 


