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Summary 

Anomalies between self-reported smoking intentions and actual smoking behaviour 

are common, yet few studies investigate both the explicit and implicit measurement of 

smoking cognitions within the same sample. Nor do many studies consider implicit 

adolescent smoking cognitions, despite the knowledge that smoking onset typically occurs 

during this period. The aim of this thesis was to examine the role that cognitive biases play 

in the initiation and maintenance of tobacco smoking. Within the context of cognitive and 

socio-cognitive models of nicotine addiction, the three studies that comprise this research 

investigated age-related changes in cognitive beliefs and the implications that these have 

for smoking behaviour. Participants in each study were grouped by age into adolescent 

(15-18), young adult (19-25), and older adult (26+) groups, and then categorised by 

smoking status; a non-smoking group served as the control in each case.    

Chapter 1 reviewed the prevalence and the developmental context of tobacco 

smoking. Affect-based, psychobiological, cognitive, and socio-cognitive theories of 

addiction were then evaluated. Smoking-related memory, attention, prevalence estimation, 

and optimistic risk biases were discussed, and the explicit and implicit measurement of 

these biases was then considered. Chapter 2 aimed to investigate whether explicit and 

implicit measurement of smoking expectancies would reveal differences in the types and 

sequence of outcomes endorsed by smokers and non-smokers of different ages (N = 231), 

and if these differences could successfully predict current smoking behaviour. Results 

demonstrated that although positive and negative smoking expectancies were available to 

all groups, smokers, and in particular adolescent smokers, exhibited a positive memory 

bias for smoking-related information. Chapter 3 then sought to identify how smokers and 

non-smokers in each age group (N = 182) managed positive and negative smoking-related 

information. Implicit reactions to positive and negative smoking words and images, 

relative to general positive, general negative, and to neutral stimuli were examined using 
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lexical decision, modified-Stroop, and visual dot-probe tasks. A suppression effect was 

found for smoking negative words, while attentional biases to smoking images and to 

negative images were found for all participants.  

Chapter 4 aimed to develop and validate a revised explicit smoking expectancy 

measure for use in diverse age and smoking experience groups. It first explored the 

psychometric properties of the revised scale used in the first study. It subsequently 

validated this scale using data from a larger sample of adolescent and adult smokers and 

non-smokers (N = 1046). Chapter 5 aimed to replicate earlier smoking expectancy 

findings, and to extend false consensus (FCE) and optimistic risk research by examining 

potential age- and experience-related influences on peer prevalence and risk perceptions of 

smoking (N = 1011). Different patterns of bias were found across smoking status and age 

groups, which suggests that they may facilitate the maintenance and potential escalation of 

smoking behaviour. As a result, Chapter 6 sought to develop an extended theory of 

planned behaviour model of smoking intentions and current smoking behaviour, which 

incorporated measures of smoking-related cognitive biases. Smoking expectancy positivity 

bias, clear overestimation of peer smoking norms, moral norms, group identity, and 

relative risk perceptions were found to increase the explanatory power of the extended 

model in each age group.  

Chapter 7 summarised the main findings from the empirical studies. Taken 

together, they emphasised the importance of considering the influence of smoking-related 

cognitive biases when attempting to explain smoking behaviour. Key models of addiction 

were reviewed in terms of their ability to explain smoking-related cognitive biases, and 

conclusions regarding the affective, cognitive, and social learning influences on smoking 

were drawn. Finally, the discussion addressed general methodological limitations and 

suggestions for future research.   
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Chapter 1: Introduction 

Addiction results in substantial health, social, and economic problems not only for 

drug users, but for their families, friends and wider communities. Gaining an 

understanding of addictive behaviours is essential in order to refine prevention and 

treatment models, and to inform public health policies (Albery & Munafò, 2008). This 

thesis will focus on the development and maintenance of nicotine addiction specifically in 

relation to cigarette smoking. Although a variety of alternate forms of tobacco 

consumption exist, such as chewing tobacco, smokeless tobacco, snuff, and snus, 

manufactured and self-rolled cigarettes still account for the majority of worldwide and 

European Union (EU) tobacco consumption (European Commission, 2012). 

1.1  Tobacco Smoking  

1.1.1  Prevalence and control 

The World Health Organisation (WHO; 2012b) currently estimates that there are 

one billion smokers in the world. The adverse health effects of smoking are well 

established and six million people die from tobacco-related deaths each year (WHO, 

2011); five million are attributable to direct tobacco use and just over 600,000 to exposure 

to second-hand smoke. This accounts for 12% of male and 6% of female annual deaths 

worldwide. These figures are projected to increase to 7.5 million by the year 2020, which 

will represent around 10% of all deaths in that year. Smoking is responsible for 

approximately 71% of lung cancer deaths, 42% of chronic respiratory disease, almost 10% 

of all cardiovascular disease, and is a significant risk factor for communicable diseases 

such as tuberculosis and lower respiratory infections. Research has also linked smoking 

with a range of mental health conditions including depression (Glassman et al., 1990; 

McKenzie, Olsson, Jorm, Romaniuk, & Patton, 2010) and schizophrenia (Dome, Lazary, 

Kalapos, & Rihmer, 2010), and an increased likelihood of broader substance use 

(Lewinsohn, Rohde, & Brown, 1999). It should be noted that research has yet to establish a 
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clear causal link between smoking and the risk of mental health or additional substance use 

problems; it may be that individuals with these conditions are just more likely to smoke.  

The highest overall prevalence of smoking across both sexes is found in Europe 

(29%), and the lowest in Africa (8%). Prevalence among women is also highest in Europe 

(20%); male prevalence rates (46%) are highest in the Western Pacific Region (WHO, 

2011). The EU (European Commission, 2012) estimates that 695,000 die prematurely from 

smoking-related illness each year, and that smoking results in a €100 billion economic cost 

to the region. Almost no significant changes have been seen in smoking prevalence since 

2009, and as of March 2012, 28% of EU citizens smoke (29% in the 15 to 24 age group). 

Highest smoking rates are seen in Greece (40%), and the lowest in Sweden (13%), with 

Ireland averaging one percentage above the overall EU mean (28%). The SLAN report 

(Brugha et al., 2009) found that 31% of Irish adult males smoke, and 27% of Irish adult 

females, which suggests that Ireland has the third highest female smoking prevalence rate 

in Europe after Germany and Greece. Higher rates of smoking were seen for younger Irish 

smokers: 18 to 29 years (35%), 30 to 44 years (34%), 45 to 64 years (25%), and over 65 

years (14%). Unfortunately adolescent smoking was not captured by this report although 

previous estimates found that 16% of 12 to 15 year olds in Ireland smoked, a figure which 

rises to 28% for 16 to 17 year olds (Office of Tobacco Control, 2008). Ireland has the 

lowest average smoking initiation age in Europe (European Commission, 2012) at 15.6 

years, and while 70% of EU smokers have started by age 18, this figure is 78% in Ireland 

and over 50% have started smoking by age 15 (Office of Tobacco Control, 2008). Peer 

influence is the most common reason given for smoking initiation in Europe (79%) and in 

Ireland (89%) with parental smoking and taste as the next most commonly cited reasons 

(EU: 21% and 19%; Ireland: 23% and 21% respectively).  

Manufactured and hand-rolled cigarettes remain most common across the EU 

(93%) and most smokers (46%) smoke between 11 and 20 cigarettes per day (CPD); 29% 
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smoke 6 to 10 CPD, 16% smoke 1 to 5 CPD, 2% smoke less than 1 CPD, and 9% smoke 

more than 21 CPD. The overall EU average is 14.2 CPD; Irish averages are slightly higher 

at 15.7 CPD (European Commission, 2012). Irish adolescents smoke on average 5-10 CPD 

but often 20 or more at weekends especially when combined with alcohol intake (Pfizer, 

2009). Twenty-one percent of current EU smokers have tried to quit in the last 12 months 

citing health concerns (60%), price (35%), and pressure from family and friends (33%) as 

the key motivators to quit (European Commission, 2012). No gender differences were seen 

in quit motivations, but price was a stronger motivator to quit among younger smokers. 

Interestingly, Ireland had the largest proportion of smokers who mentioned health 

concerns (76%). They also indicated that health warnings were more likely to encourage 

them to stop smoking (16%). Although Irish adolescents were generally well informed 

about the health risks of smoking, most felt such risks were ‘years away’ and that they 

would be able to stop smoking at some future point of their deciding (Pfizer, 2009). 

Public health policies, such as reducing or prohibiting tobacco advertising, 

increasing taxes and duties, age-restrictions on the purchasing of cigarettes, image and/or 

text health-warnings on cigarette packages, and the introduction of smoking bans in work 

and public places, have been successful in reducing worldwide smoking prevalence 

(WHO, 2012b). Such policies aim not only to increase cessation rates among current 

smokers, but also to sustain cessation rates in ex-smokers, and to prevent new smoking 

initiation in never-smokers, particularly among the adolescent population. It has been 

demonstrated that the longer adolescent initiation can be postponed, the lower the risk of 

developing a nicotine dependence or addiction in later life (Breslau, Fenn, & Peterson, 

1993; Robins & Przybeck, 1985), with a similar pattern being seen in alcohol (DeWit, 

Adlaf, Offord, & Ogborne, 2000) and illicit drugs (Anthony & Petronis, 1995). A recent 

review of the association between tobacco control policies and smoking behaviour in 29 

EU countries found differential success rates in different age groups (Hublet et al., 2009); 
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point-of-sale advertising was particularly encouraging to young smokers, public smoking 

bans had most impact on older smokers, media-based informational campaigns had little 

impact on youth smoking except in one study of a state-sponsored anti-tobacco media 

campaign (Emery et al., 2005), and health warnings were not found to be particularly 

effective in stopping smoking initiation, although plain-packaging may prove more so as 

brand identity was a key factor among youth smokers (Grant, Hassan, Hastings, 

MacKintosh, & Eadie, 2008).  

1.1.2  Developmental context of smoking 

Most experimentation with smoking starts in early adolescence and prevalence 

rates rise to a peak during late adolescence and early adulthood, and then commence a 

gradual decline (Chassin, Presson, Rose, & Sherman, 1996). A similar pattern is seen for 

alcohol and marijuana use which suggests that there are general risk factors for substance 

use in adolescence, and potential developmental explanations for the associated changes in 

substance use behaviour (Griffin, 2010). Adolescence is a period of transition involving 

significant physiological, social, emotional, and cognitive changes. During this 

developmental phase adolescents form their own identities, become more autonomous 

from their parents, are increasingly influenced by peer-group relations, and are more 

susceptible to adult role models, media influences, and societal messages (Arnett, 1999), in 

particular those that portray mature, rebellious, and independent individuals. Adolescents 

also tend to experience more intense mood fluctuations than either children or adults, 

which can lead to periods of anxiety and depression (Spear, 2009). They also have a 

tendency to ignore risks and potential negative consequences when engaging in risky 

behaviours (Colder, Chassin, Lee, & Villalta, 2010) and some studies suggest that 

motivation for positive arousal increases during adolescence, at a time when development 

of executive behavioural control lags behind (Spear, 2000; Steinberg, 2008). As a result of 
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these developmental changes, adolescents are left looking for ways to cope with negative 

affect and to enhance positive affect.  

Adolescence is not just a period of experimentation, however, but also the time 

during which occasional substance use can progress to regular and potentially problematic 

use (Griffin, 2010). Smoking is generally regarded to be a behaviour that occurs in stages 

and begins when very young (Flay, Orleans, & Slade, 1993; Leventhal & Cleary, 1980). In 

the preparatory stage, children form knowledge, accrue beliefs, and develop expectations 

about smoking and about the functions that it can serve (Flay, et al., 1993). From here, 

they progress to initial trying, which refers to the first two or three smoking attempts only. 

The physiological (e.g., taste, coughing, buzz) and psychological (e.g., peer approval, 

anxiety relief, state enhancing) effects of these first few tries will determine whether or not 

the individual progresses to experimentation that is repeated but is still irregular smoking. 

At that point, smoking is often context specific, but over time it becomes more regular, 

perhaps first weekly and then daily, and evident across a variety of different situations. 

The final stage is a progression to problematic use, defined as nicotine dependence or 

addiction.  

Relatively little is known about the exact developmental course of nicotine 

dependence in adolescence (Turner, Mermelstein, & Flay, 2004), or the time that it takes 

to move between stages. Research has demonstrated the possibility of dependence at a 

young age (Colby, Tiffany, Shiffman, & Niaura, 2000; DiFranza et al., 2002), however 

many adolescents stop after a period of experimentation (Chassin, 1984).  Evidence 

suggests that different stages of smoking are likely to have different determinants 

(Chassin, Presson, & Sherman, 2005) such that initial reasons for experimenting (e.g., peer 

influence and social facilitation) could be different to reasons for continuing to smoke 

(e.g., taste, stress reduction, and avoidance of withdrawal effects). As well as 

distinguishing the characteristics of adolescents who start smoking from those who do not, 
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it is equally important to determine the attributes of those who are more likely to progress 

to regular smoking and the risk and protective factors involved in these decision-making 

processes. 

1.1.3  Defining nicotine dependence and addiction 

Although the word ‘addiction’ is still frequently used to describe problematic 

substance dependence, the WHO recommends the use of the term ‘dependence syndrome’, 

and in its Tenth Revision of the International Classification of Diseases and Health 

Problems (ICD-10) it defines dependence syndrome as being “a cluster of physiological, 

behavioural, and cognitive phenomena in which the use of a substance or a class of 

substances takes on a much higher priority for a given individual than other behaviours 

that once had greater value.” (WHO, 2012a). Central to this definition is the overwhelming 

desire to use the addictive substance and the likelihood that re-use following a period of 

abstinence is likely to result more rapidly in renewed dependence than would be the case 

in nondependent individuals. The definition therefore encompasses both physical and 

psychological dependence. The DSM-IV-TR (APA; American Psychiatric Association, 

2000) again suggests that a cluster of physiological and psychological symptoms are 

required in order to diagnose substance abuse and substance dependence, but 

differentiating between drug abuse and addiction in this way has resulted in some 

confusion. As a result, the APA (2012) has proposed that all addictions and related 

problems will fall under a single ‘substance use disorders’ category in the DSM-5. 

Disorders will be graded as mild, moderate, or severe, and whereas substance abuse 

required the presence of only one DSM-IV-TR diagnostic symptom, mild substance use 

disorder will now require the presence of at least two symptoms that lead to clinically 

significant impairment or distress.   

These definitions of problematic substance use facilitate investigation of the 

psychological processes that contribute to the development and maintenance of addiction. 
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A significant body of work exists which attempts to explain the processes and motivations 

underlying substance abuse. These theories have proved to be both comprehensive and 

informative. It is beyond the scope of this thesis to present a detailed analysis of each 

model and extensive reviews of addiction theory have been provided by Drummond 

(2001), Robinson and Berridge (1993), Skinner and Aubin (2010), and Tiffany (1990). The 

models presented here have been selected for review on the basis of their potential to 

explain how a combination of explicit and implicit cognitive processes underpin a series of 

biased cognitive belief systems which help to initiate and maintain smoking behaviour, and 

to predict relapse. Two traditional models of addiction will be presented first, followed by 

a psychobiological theory that examines the neural sensitisation that can result from 

repeated drug administration (Robinson & Berridge, 1993, 2001). Subsequently, cognitive 

and socio-cognitive models addressing the involvement of automated cognitive and 

affective processes (Tiffany, 1990) and of social learning processes will be reviewed, 

along with the role that associative memory plays in the processing of substance-related 

cues themselves.  

1.2  Traditional Theories of Nicotine Addiction 

Traditional theories of addiction have tended to focus on either the desire to 

experience the pleasurable effects of a drug or to avoid the aversive effects of withdrawal 

from that drug. They are based on the classical conditioning processes of positive and 

negative reinforcement (Stewart, de Wit, & Eikelboom, 1984) and each conceptualises the 

urge to use a drug as a subjective, motivational and affective state necessary, but not 

sufficient, for addictive behaviour (Tiffany, 1990).    

1.2.1  Negative reinforcement and withdrawal models 

Negative reinforcement models of addiction suggest that drug-related behaviours 

are sustained by alleviating rather than producing physiological states (Wise & Bozarth, 

1987). Although specific symptoms vary from drug to drug, these models suggest that 
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drug-seeking behaviour is maintained to avoid intense and aversive withdrawal effects 

(Hughes et al., 1990). Initially, it was suggested that conditioned withdrawal responses 

were induced by situations and stimuli consistently associated with drug withdrawal 

(Mucha, Pauli, & Weyers, 2006), however subsequent research has proposed that 

conditioned stimuli not only come from the external drug-taking environment  (Siegel, 

Baptista, Kim, McDonald, & Weise-Kelly, 2000), but also from the body’s own 

interoceptors which can induce compensatory conditioned responses. In the latter case, 

drug-related behaviour is maintained by the anticipation of withdrawal relief, and drug 

urges arise from an attributional process whereby the individual interprets the 

physiological reactions associated with both conditioned withdrawal and conditioned 

compensatory responses, as a desire or need to use the drug (West & Schneider, 1987).  

Contemporary theory has moved a step further suggesting that the conditioned 

responses need not be physiological, but may be affective instead (Baker, Piper, 

McCarthy, Majeskie, & Fiore, 2004). Several lines of empirical evidence exist to support 

the contention that negative affect is a powerful motivator of drug-use. Alcohol has been 

shown to reduce negative affect in certain stressful situations (Sayette, 1993), smokers 

hold expectancies of negative affect reduction as a consequence of smoking (Brandon & 

Baker, 1991), and several longitudinal studies have found that adolescents who display 

symptoms of depression are more likely to start smoking (Breslau, Kilbey, & Andreski, 

1993). Even in relatively novice groups of adolescent smokers, reductions in negative 

mood following smoking were attributable to alleviation of withdrawal symptoms (Kassel 

et al., 2007). Smokers have also been seen to display significant attentional biases to both 

smoking-related and negative-affect words, but not to positive-affect words (Drobes, 

Elibero, & Evans, 2006).  

Inconsistent with this support, however, is the demonstration that both humans and 

animals continue to self-administer drugs in the absence of withdrawal symptoms, and 
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animals have been shown to self-administer drugs that do not produce withdrawal effects 

(Stewart, et al., 1984). Periods of high drug-use have been shown to occur when 

withdrawal distress is low, and providing relief from withdrawal symptoms has had only 

minor success in combating addiction (Wise & Bozarth, 1987). It is also well-established 

that relapses can occur after lengthy periods of abstinence (Robinson & Berridge, 2003) 

when the individual is no longer troubled by aversive withdrawal symptoms. Furthermore, 

a number of studies on nicotine addiction have found only weak correlations between 

smoking and negative affect (Shiffman et al., 2002), and relapse has been shown to occur 

during periods of positive affect (Shiffman & Waters, 2004). 

1.2.2  The conditioned drug-like model 

Given the deficiencies of negative reinforcement models, Stewart and colleagues 

(1984) focused instead on positive reinforcement as the basis of addiction.  Their 

conditioned drug-like model suggests that drug-related behaviour is maintained by 

appetitive motivational states that result from craving the pleasurable effects and the 

positive emotions associated with drug use. This model assumes that stimuli repeatedly 

paired with positive experiences of drug use come to elicit drug-like conditioned 

responses. Support for this theory is provided by many studies which have demonstrated 

the stimulating effects of drug use (Cowen & Lawrence, 1999; Mansvelder & McGehee, 

2000), and  neural evidence demonstrates a role for dopamine release in the mesolimbic 

dopamine ‘reward’ system of the brain as a direct result of subjective pleasurable 

experience (W. M. Cox, Fadardi, & Pothos, 2006; Powell, Gray, Bradley, & Kasvikis, 

1990).  

Yet despite its highly addictive nature, nicotine does not produce pronounced 

euphoric states, and Robinson and Berridge (1993) contest that its incentive-motivational 

properties can therefore be dissociated from its subjective pleasurable effects. Recent 

neuroimaging studies affirm the likelihood that a series of common neural pathways 
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mediate a range of different appetitive processes (Garavan et al., 2000); one which relates 

to pleasure, and another more automatic pathway. Taken together, these findings weaken 

the positive reinforcement model as they illustrate that drug-use can be initiated and 

maintained in the absence of subjective pleasure. The model also makes no attempt to 

explain how situations and stimuli associated with drug-use give rise to craving and 

relapse (Stewart, et al., 1984). It is unlikely that drug-related stimuli become emotionally 

salient because of positive or negative reinforcement alone, and further evidence from 

attentional bias studies suggest that instead salience develops from the motivational 

relatedness of the stimuli to an individual’s current concerns (W. M. Cox, et al., 2006).    

1.3  Incentive-Sensitization Model of Nicotine Addiction 

Evidence has been presented that addictive substances are often taken without any 

subjective pleasure accruing to the user (Lamb, Preston, Schindler, & Meisch, 1991; 

Robinson & Berridge, 2000). In fact as addiction progresses the divergence of incentive 

and hedonic value becomes more pronounced (Robinson & Berridge, 1993). 

Neurobiological research of animal addiction, and evidence for separable neural substrates 

for incentive and hedonic reward in humans (Wise & Bozarth, 1987), led Robinson and 

Berridge (1993, 2001, 2003) to propose an incentive-sensitisation theory of addiction. This 

theory assumes that repeated administration of addictive drugs can induce neural 

sensitization in humans. Expected individual variation in susceptibility to neural 

sensitization could then explain individual differences in vulnerability to addiction.  

Three distinct psychological processes operate jointly to produce incentive-

sensitization (Robinson & Berridge, 2001). Firstly, pleasure is derived from initial drug 

use, but this ‘liking’ alone is insufficient to motivate continued use. Addictive drugs 

induce persisting neuroadaptations in brain areas typically involved in motivation and 

reward learning, namely the mesolimbic dopamine system. Secondly, these become 

hypersensitive to the effects of the drugs and, through associative learning, to stimuli 
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affiliated with their use. Finally, incentive-salience is attributed to these stimuli which 

become attractive in their own right, capable of eliciting pleasure, and of commanding 

attention. Over time the reward value reduces and drug-liking is completely replaced by 

drug-wanting. A critical aspect of this theory is that it is not the portion of the reward 

system associated with hedonic value (‘liking’ the drug) that becomes sensitized, rather an 

‘incentive-salience’ subsection responsible for ‘wanting’ the drug (Robinson & Berridge, 

1993). In this instance, wanting is synonymous with hunger; while you may like the food 

you eat, wanting food can and does occur independently of any hedonic evaluation of the 

food. The term incentive-salience is used to represent the cognitive and neural processes 

associated with the motivational value of conditioned stimuli and it provides an index of 

the attention-grabbing properties of drug-related cues. Increasing incentive-salience 

effectively represents increasing attention towards stimuli associated with drug use, 

making them more noticeable and therefore more wanted (Robinson & Berridge, 2003). 

Consequently, it is this sensitization of the ‘wanting’ area, coupled with behavioural 

sensitisation, that is hypothesised to lead to compulsive drug use, and it is the persistent 

nature of the neuroadapations beyond drug use cessation that leaves the individual 

vulnerable to relapse in the longer term, particularly as drug-wanting is deemed an 

automatic process whereby relapse may occur without conscious awareness.  

In a recent review of the incentive-sensitisation model, Robinson and Berridge 

(2008) advance the claim that both ‘liking’ and ‘wanting’ can be expressed explicitly and 

implicitly. They suggest that ‘wanting’ is a motivational process, driven by incentive-

salience, which is explicitly exhibited through conscious craving and purposeful drug-

related behaviour. It can, nevertheless, be triggered implicitly following cue exposure, 

resulting in an unconscious craving. They view ‘liking’ as a subjective pleasurable 

emotional response, and present evidence that this can also occur implicitly following 

exposure to subliminal stimuli (Berridge & Winkielman, 2003). The incentive-sensitisation 
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model would therefore predict that increasing levels of neuroadaptation should result in 

higher levels of attentional bias towards drug-related stimuli, and this has been well 

supported. (W. M. Cox, et al., 2006). Heavy smokers have been shown to demonstrate 

significantly stronger attentional bias than light smokers (Waters & Feyerabend, 2000), as 

have abstinent smokers when compared to non-smoking controls (Munafo, Mogg, Roberts, 

Bradley, & Murphy, 2003), and alcohol abusers even after treatment (W. M. Cox, Hogan, 

Kristian, & Race, 2002). The associative learning process can also account for situations in 

which current smokers display slower reaction times for targets presented in the presence 

of smoking stimuli (Sayette & Hufford, 1994).  

1.4  Cognitive Models of Nicotine Addiction 

Early theory highlighted the importance of conditioned learning and the role of 

affect in the explanation of addiction. Recent psychobiological theory reaffirms the role of 

associative learning and highlights the importance of examining the explicit and implicit 

cognitive processes underpinning addiction. This review will now concentrate on research 

in the cognitive and socio-cognitive domains which has been used to provide a framework 

for understanding addiction. 

1.4.1  Dual-affect model 

It has been argued that negative and positive reinforcement models each explain 

some, but not all, characteristics of addictive behaviour, and the dual-affect model (Baker, 

Morse, & Sherman, 1986) was created in an attempt to explain situations where drug-

related behaviour could be triggered by either a withdrawal or an appetitive response to 

drug cues. For example, smokers often give each as reasons for smoking, depending on the 

particular situation, and their mood at the time (L. S. Cox, Tiffany, & Christen, 2001; 

Powell, Tait, & Lessiter, 2002). The dual-affect model suggests that drug craving 

represents the interaction of negative and positive affect systems. Aversive stimuli (e.g., 

withdrawal or negative emotional states) activate the negative affect system, which 
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triggers drug use based on the negative reinforcement model. Appetitive stimuli activate 

the positive affect system and trigger drug-use based on the conditioned drug-like model. 

The two systems are purported to operate in an automatic and mutually inhibitory fashion; 

for example, the positive reinforcing effects of drug-use would inhibit the negative affect 

system. Despite some support for the dual-affect model (Zinser, Baker, Sherman, & 

Cannon, 1992), the suggestion that an individual cannot experience both negative and 

positive affective reactions to drug stimuli at the same time has been widely challenged; 

see Tiffany  (1995) for a review of this evidence.      

An updated model has been proposed by Baker and colleagues (2004) in an attempt 

to address the criticisms levelled at the original. This new model is more consistent with 

negative reinforcement theories of addiction, although it argues that drug use is driven 

primarily by a need to avoid negative affect rather than a desire to be free of aversive 

physiological withdrawal symptoms, and that affective symptoms are greater motivators of 

behaviour than somatic symptoms. Extensive empirical support exists for the centrality of 

negative affect in drug-seeking behaviour across a range of addictions (Koob, 2009; R. A. 

Wheeler et al., 2008), and specifically in relation to smoking (Kassel, et al., 2007; Kassel 

& Shiffman, 1997; Shiffman & Waters, 2004; Wetter et al., 1994). Consistent with these 

findings, smoking outcome expectancy studies report that negative affect reduction is one 

of the perceived benefits of smoking for smokers of all ages (Brandon & Baker, 1991; 

Copeland, Brandon, & Quinn, 1995; Lewis-Esquerre, Rodrigue, & Kahler, 2005). Despite 

this evidence, criticism of the dual-affect approach remains. Firstly, relapse can occur in 

response to positive affect, as opposed to solely as a means of negative affect reduction 

(Brandon, Wetter, & Baker, 1996; Shiffman, Paty, Gnys, Kassel, & Hickcox, 1996). 

Secondly, the model views negative affect to be synonymous with drug cravings and states 

that much of the motivational impact of drug cravings occurs outside conscious awareness, 

but conflicting results have been found regarding the association between craving and 
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other implicit measures of addiction. For example, correlations between addiction-related 

attentional bias  and self-reported urge to smoke have been reported as significant (Mogg 

& Bradley, 2002; Zack, Belsito, Scher, Eissenberg, & Corrigall, 2001), marginal (Waters 

et al., 2003), and non-existent (Wertz & Sayette, 2001). Finally, the model fails to provide 

a clear mechanism of how these automatic motivational triggers operate.   

1.4.2  Cognitive processing model 

Tiffany’s (1990) cognitive processing model is also based on the idea of automatic 

drug-related behaviours. He acknowledged that novice drug users would require a 

conscious intention to initiate drug use, but he proposed that more compulsive drug use 

would predominately be directed by unconscious and automatic processes, analogous to 

those controlling any frequently performed behaviour. Based primarily of the work of 

Schneider and Shiffrin (1977) and Logan (1988), the automatic processes in his model are 

defined as being generally fast and inflexible, and once initiated, very difficult to disrupt. 

They require very little attention as they operate effortlessly, and in the presence of the 

appropriate triggering stimuli, they can be involuntarily and unconsciously activated.  

Various models exist to describe how behaviours become automatic (Bargh, 1992; 

Newell, 1978), and it is generally accepted that this process will happen most rapidly when 

the same stimulus conditions are repeatedly linked to a given response. Newell (1978) 

suggests that a memory is created, in the form of an action schema, which contains the 

triggers that initiate the behaviour and the procedural steps needed to carry out the action. 

In a situation where the action schema is disrupted, voluntarily or involuntarily, in an 

individual who is not attempting to refrain from drug use, abstinence-avoidance urges are 

generated in a bid to successfully complete the drug-use behaviour (Tiffany, 1990). If the 

automatic processes within the action schema do not contain the information required to 

resolve this disruption, more effortful, non-automatic processes are required. In situations 

where individuals are attempting to remain abstinent, approach-avoidance urges are 
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produced when confronted with drug-related stimuli. Non-automatic processes are again 

required in order to prevent the triggering of automatic action schemas, and the reinforcing 

of those actions if they were allowed to complete. If the non-automatic processes 

associated with abstinence-promotion do not succeed in completely halting the automatic 

drug-approach actions, urges arise which can precede and initiate relapse to drug use.  

Several lines of research support this model. Highly practised social behaviours 

have been shown to move from intentional to non-intentional control (Bargh & Chartrand, 

1999). Cue-reactivity studies have found increased self-reported craving coupled with 

faster initial orienting of attention to, and longer gaze dwell times on, addiction-related 

stimuli in drug-users in comparison to controls (Bradley, Mogg, Wright, & Field, 2003; 

Mogg, Bradley, Field, & De Houwer, 2003). Drug cues have also been shown to elicit 

physiological changes, such as an increase in heart rate, during urge responding (Franken, 

2003), and Tiffany (1990) suggests that these changes are direct consequences of more 

effortful, slow, and determined non-automatic cognitive processes; smokers, for example, 

have been seen to respond more slowly to situations where automatic smoking action 

schemas have been interrupted when compared to instances where they were undisturbed 

(Baxter & Hinson, 2001).  Non-automatic processes are also predicted to disrupt an 

individual’s successful performance on any task that also necessitates non-automatic 

processing, and significant evidence exists which suggests that this model may explain the 

attentional bias that is associated with many addictive behaviours in problematic users (W. 

M. Cox, et al., 2006; M. Field, Mogg, Bradley, Wiers, & Stacy, 2006; McCusker, 2001; 

Tiffany, 1995), including that of smokers (Mogg & Bradley, 2002; Waters, Shiffman, 

Bradley, & Mogg, 2003). 

The cognitive processing model therefore argues that addictive behaviour is 

maintained by a combination of automatic and non-automatic processes. Its premise that 

drug-related stimuli can automatically activate behavioural sequences, attempts to explain 
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why craving may not be necessary for continued drug use and how individuals can relapse 

without experiencing any urge or desire to do so. It has, however, been criticised for not 

adequately explaining the compulsive nature of drug use, the motivational factors 

involved, and the degree of individual vulnerability to addiction (Robinson & Berridge, 

2003). 

1.4.3  Expectancy models 

Cognitive social learning theory (CSLT) assumes that addictive behaviours are 

learned through their association with social and environmental stimuli and as such 

resemble any other learned habitual behaviour, albeit that certain addictive substances can 

intensify this learning process (Albery & Munafò, 2008). Whilst not disregarding the fact 

that learning may still have important biological correlates, CSLT places greater emphasis 

on the role of interpersonal and social factors, including peer influences and observational 

learning, and on intrapersonal factors such as self-efficacy, attributional style, and coping 

mechanisms. In a meta-analysis of 27 studies that investigated reasons for smoking 

initiation among children, Conrad, Flay, and Hill (1992) found strong support for the 

predictive value of social learning factors. CSLT therefore combines classical conditioning 

processes that facilitate the generation of automatic associations between substances and 

outcomes initially unconnected with their use, and operant conditioning processes whereby 

behaviours resulting in favourable outcomes for the individual are reinforced (positively or 

negatively) and tend to increase in frequency over time (Albery & Munafò, 2008).  

Within this context, Marlatt (1985) developed an outcome-expectancy model of 

addiction, or more specifically of relapse prevention, that suggests that drug use is 

motivated by anticipated positive outcome expectancies associated with the behaviour, in 

combination with self-efficacy, that is an individual’s perceived notion of their ability to 

resist a behaviour (Bandura, 1977). The individual who expects greater positive than 

negative outcomes from drug use is more likely to continue using, and this is particularly 
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the case in situations where they experience low levels of self-efficacy. Outcome-

expectancy models assume that experimental substance use begins in adolescence and is 

driven by the attitudes and behaviours of role models from whom adolescents acquire their 

substance-specific beliefs. Although CSLT argues that the key to prevention is in changing 

role models not beliefs, it overlaps with cognitive-affective theories in that it also assumes 

that substance-specific cognitions proximally cause substance-related behaviour, and that 

outcome expectancies are essentially critical beliefs that can be shaped by direct and 

vicarious exposure to substance-use and to substance-related cognitions; for example, 

merely by hearing influential others favour use (Petraitis, Flay, & Miller, 1995).  

Despite an initial focus on relapse prevention, recent research suggests that 

outcome-expectancy models can be helpful in explaining initiation and maintenance of 

drug-related behaviour. They demonstrate that differential alcohol-related outcome 

expectancies of heavy and light drinkers are associated with attentional bias towards 

sedating and arousing alcohol words (Kramer & Goldman, 2003), and attentional bias in 

smokers is positively associated with self-reported expected positive smoking outcomes 

(Waters et al., 2009). Given that expectancies are essentially cognitive beliefs, expectancy 

networks can then be conceptualised as associative memory systems operating according 

to the principles of spreading activation (Collins & Loftus, 1975). Experience with a 

substance generates positive and negative cognitive and affective responses which, in the 

absence of conscious control, will result in drug-related behaviour that becomes highly 

associated with those initial responses; behaviour that can subsequently be activated 

implicitly as well as explicitly (Rather & Goldman, 1994). This model of outcome 

expectancy networks is further supported by attentional bias research of alcohol (W. M. 

Cox, et al., 2002; Townshend & Duka, 2001), nicotine (Bradley, et al., 2003; Gross, 

Jarvik, & Rosenblatt, 1993; Waters, Shiffman, Bradley, et al., 2003), and opiates (Franken, 

Kroon, Wiers, & Jansen, 2000). Furthermore, the explanation of the links between drug-
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related cognitions and behaviour is presented in terms of learned associations which, in the 

presence of certain drug-related stimuli, can become automatic and implicitly activated, 

which clearly overlaps with Tiffany’s (1990) cognitive processing model, and strongly 

suggests the involvement of both explicit and implicit cognitive processes in substance-

related behaviour. 

1.4.4  Associative memory models 

CSLT offers some acknowledgement of implicit cognitive processing, but 

associative memory theories such as the spreading activation model (Collins & Loftus, 

1975; Litz, Payne, & Colletti, 1987) better illustrate how memory associations can trigger 

cognitive processing, how memory may be automatically cued, how object perception may 

trigger substance-related cravings, and how habits may be maintained (Munafo & Albery, 

2006). These models see long-term memory as a collection of ‘nodes’ which represent 

units of information, and ‘links’ which represent the semantic and episodic associations 

between these units (J. R. Anderson, 1983). When a stimulus and outcome pairing is first 

encountered, an association is formed between the stimulus and outcome nodes, which is 

then strengthened through repeated encounters. When one node in memory is triggered, 

activation spreads across the network triggering other associated nodes which represent all 

the ‘available’ related constructs in memory. The more practised the associations between 

nodes, the stronger the links become, the more likely they are to be triggered automatically 

(Shiffrin & Schneider, 1977), and the more ‘accessible’ one construct becomes in the 

presence of the other. Automatically accessible associations are more likely to influence a 

particular cognitive processing sequence (Palfai, 2002), and will therefore be more closely 

linked to behaviour (Bargh, 1992). This is supported by the finding that accessibility of 

substance-related memory associations has been found to predict future drug use (Stacy, 

1997).  
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It has been observed that smokers rate the affective characteristics of smoking-

related images more positively than never-and ex-smokers (van Hanswijck de Jonge & 

Gormley, 2005). They have also been found to demonstrate an implicit memory bias for 

positive in relation to negative smoking information (Leung & McCusker, 1999) which 

suggests that they are using inhibitory processes, either consciously or automatically, as a 

type of adaptive suppression limiting the accessibility to, but not the availability of, 

negative information in memory (Bjork, Roediger, & Craik, 1989). Barnier, Levin and 

Maher (2004) suggest that this retrieval inhibition can operate across at least three levels. 

In its weakest form, the expression of memory may be behaviourally inhibited at recall. 

Alternatively, memory accessibility can simply be lowered during retrieval or, in its 

strongest form, retrieval inhibition can lower the activation level of the representation of 

the memory itself. Retrieval practise will increase the accessibility of an item in the future 

(Baddeley, 1990), so concentrating on the retrieval of positive memories at the expense of 

negative ones would decrease the overall accessibility of these negative memories and 

could explain dissociations seen in the pattern of free association retrieval between 

substance users and controls (Barnier, et al., 2004). Taken together, this evidence further 

supports the view that two different aspects of cognition are involved when making 

substance-use decisions; an implicit memory activation triggered by motivational and 

situational circumstances, and a more explicit outcome expectancy component which is 

likely to influence the more deliberate and introspective aspects of the decision-making 

process (A. Weinstein & Cox, 2006).  

1.4.5  Socio-cognitive models 

The Theory of Planned Behaviour (TPB; Ajzen, 1988) model is one of the most 

widely used models in health-related behaviour research (Armitage & Conner, 2001). It 

suggests that an individual’s intention to engage in behaviour, and the perceived 

behavioural control (PBC) they feel they exert over that behaviour, proximally determines 
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their behavioural decision. PBC in this model is related to Bandura’s (1977) concept of 

self-efficacy described above. Behavioural intentions are themselves mediated by attitudes 

and beliefs (i.e., whether the behaviour is wise, risky, pleasurable, distasteful, etc.), 

subjective norms (i.e., perceived attitudes of important others towards the behaviour), and 

also by PBC. The incorporation of both a direct and an indirect influence of PBC on 

decision making in the model enables it to predict both volitional behaviour and automatic 

behaviour outside of volitional control (Higgins & Conner, 2003). An individual will 

therefore engage in behaviour if they think it will lead to a valued outcome, if they 

perceive that significant others would encourage the behaviour, and if they believe that 

they have the opportunity and ability to successfully perform the behaviour.  

Health-related TPB models have received much support and several studies have 

demonstrated that at least some aspect of smoking behaviour can be predicted by this 

model (Chassin, 1984; Godin, Valois, Lepage, & Desharnais, 1992; Hukkelberg & 

Dykstra, 2009; Petraitis, et al., 1995; Spijkerman, van den Eijnden, Vitale, & Engels, 

2004). However, the robust relationship seen between intentions and much health-related 

behaviour appears weakened in addiction (McCusker, 2001) where substance-use often 

continues despite intentions to quit. Over 50% of smokers report strong intentions to stop 

smoking but few do, and of those that try, over 90% relapse within a year  (Cohen et al., 

1989). Armitage and Conner (2001) provide a comprehensive review of the strengths and 

weaknesses of the TPB model and its ability to predict smoking-related behaviour. The 

key issues will be considered briefly here and subsequently discussed in detail in the 

introduction to Chapter 6, which presents an empirical study based on an extended-TPB 

model.  

Warshaw and Davis (1985) argue that the TPB model fails to differentiate between 

true behavioural intentions and behavioural expectations. Whereas the former are defined 

as a person’s plans for their future behaviour, the latter refer to the perceived likelihood of 
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the individual performing that behaviour without necessarily having formed a plan to do 

so. For example, a smoker may feel it likely that they will quit smoking in the next year 

without specifically forming an intentional cessation plan. A further issue is that past 

behaviour is often found to be a significant predictor of future behaviour regardless of 

behavioural intentions (Godin, et al., 1992; Higgins & Conner, 2003), yet the model makes 

no allowance for this. A final area of contention is the fact that the only normative 

influence included in the TPB model is that of subjective norms, and these seem to be the 

weakest predictor of intentions (Armitage & Conner, 2001). As such, the model disregards 

other potential normative influences on behaviour, such as moral and descriptive norms 

(McMillan & Conner, 2003; Vitória, Salgueiro, Silva, & de Vries, 2011; White, Smith, 

Terry, Greenslade, & McKimmie, 2009). 

As a result, TPB models have been variously extended to include past behaviour, 

and moral, descriptive and personal norms in an attempt to address these issues (Conner & 

Armitage, 1998), yet their ability to successfully predict habitual behaviour remains 

compromised (McMillan, Higgins, & Conner, 2005). Typically, smoking-related studies 

show only small to moderate predictive effects for expanded TPB model variables (Engels, 

Knibbie, & Drop, 1999). Interestingly, studies have found that it is the overestimation of 

descriptive norms that is predictive of smoking behaviour (Botvin, Botvin, Baker, & 

Dusenbury, 1992; Sutton & Bolling, 2003) more so than the actual extent of smoking 

among the peer group. When applied to adolescent smoking, the extended-TPB models 

suggest that if adolescents hold favourable attitudes towards smoking, and towards peers 

or important others who smoke, they are more likely to try smoking themselves (Armitage 

& Conner, 2001), particularly if they determine that smoking is a prevalent, as well as a 

positive, peer-group behaviour. This again suggests that biased cognitive processes are 

involved in smoking-related decisions, in this case a false consensus effect (Ross, Greene, 

& House, 1977) for peer smoking prevalence, and it could be argued that incorporating a 
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role for automatic cognitions in extended-TPB models may have the potential to explain 

anomalies seen in research results to date.  

1.5  Cognitive Biases in Nicotine Addiction 

Regardless of which theory is preferred, cognitive biases for drug-related 

information and environmental stimuli are evident across a range of addictions. A 

combination of explicit and implicit cognitive processes appear to result in automatic 

associations between smoking behaviour and a variety of cues and stimuli that come to be 

associated with that behaviour, and together they facilitate continued use (Wiers & Stacy, 

2006). As tobacco smoking is the particular focus of this thesis, the next section will 

address four common cognitive biases associated with smoking; positive memory bias, 

attentional bias for smoking-related information, the false consensus effect for peer 

smoking prevalence, and optimistic risk bias. These cognitive ‘errors’ may make smoking 

seem attractive, desirable, statistically normative, socially acceptable, and not immediately 

detrimental to an individual’s health and well-being.  A number of factors associated with 

nicotine addiction have been found to correlate with these biases and attempts continue to 

identify those that may be predictive of smoking initiation, maintenance, and relapse.   

1.5.1  Positive memory bias 

Smoking outcome expectancies are conceptualised as a form of memory 

association thought to exist at both an explicit and an implicit level. Positive memory 

biases, characterised by inflated positive outcome expectancies, have been identified in 

regular smokers. Addiction theory suggests that both social learning processes and 

subjective experience (Stacy, Ames, Wiers, & Krank, 2010) will bias automatic outcome 

expectancies because of repeated past pairings with the positive consequences of smoking. 

Childhood smoking expectancies are typically negative but they become more positive in 

adolescence with the onset of smoking behaviour (O'Connor, Fite, Nowlin, & Colder, 

2007), and then increasingly more negative with age and the accumulation of negative 
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smoking experience (Wetter, et al., 1994). Although adolescents have been shown to have 

an awareness of the negative consequences of smoking (Brady, Song, & Halpern-Felsher, 

2008), and although some negative outcomes such as coughing and nausea are reported by 

novice and experimental smokers (Friedman, Lichtenstein, & Biglan, 1985; Pomerleau, 

Pomerleau, & Namenek, 1998), they also report a significant number of positive 

consequences (Brandon & Baker, 1991; Lewis-Esquerre, et al., 2005), including a 

pleasurable buzz, relaxation, and a variety of social facilitation outcomes.  

The positive consequences of smoking are often more immediate than the negative 

ones. Future health and addiction risks can seem very distant to a teenager and, as a result, 

adolescents seem particularly capable of ignoring distal negative outcomes in favour of the 

more proximal positive consequences of smoking. Although smoking expectancies 

generally become more negative with age, positive smoking consequences are also seen to 

be influential among regular adult smokers (Copeland, et al., 1995). They too display a 

positive memory bias for smoking-related information and an ability to exercise some 

form of cognitive control to manage these discrepant cognitions (Leung & McCusker, 

1999). To the best of the author’s knowledge, no study has yet examined the relative size 

of this bias across different age groups and this question, along with an examination of 

explicit and implicit assessment methods, will be addressed in Chapter 2 of this thesis. 

1.5.2  Attentional bias 

Attentional biases to addiction-related stimuli in the environment seem especially 

problematic for drug-users and for individuals trying to abstain (Waters & Feyerabend, 

2000). Attention, an adaptive mechanism that preferentially selects the environmental 

stimuli that an individual will notice (MacLeod & MacDonald, 2000), is automatically 

directed towards cues with motivational significance (Franken, 2003). As incentive-

salience is indexed by the attention-grabbing properties of the stimuli, someone with an 

elevated attentional bias for certain addiction-related stimuli experiences a world full of 
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cues related to that addiction. Stimuli that seem neutral to a non-smoker may command 

attention and promote drug-seeking behaviour in smokers (Hogarth, Dickinson, & Duka, 

2003). Implicit perception of addiction-related stimuli may lead to conditioned withdrawal 

or conditioned compensatory responses (Niaura et al., 1988), they may disrupt mood 

(Baker, Piper, et al., 2004), and they may trigger automatic drug action schema (Tiffany, 

1990). In essence, attentional bias is an inherently automatic process that occurs without 

the individual’s awareness. As attentional capacity is limited, it may in turn interfere with 

cognitive resources needed for other aspects of everyday life, and result in a failure to 

process competing environmental cues (Franken, 2003).  

A significant body of work supports the existence of a smoking-related attentional 

bias. The modified-Stroop task has been widely used to demonstrate an attentional bias for 

smoking-related information, in comparison to neutral, in adult  (Mogg & Bradley, 2002; 

Munafo, et al., 2003; Waters & Feyerabend, 2000; Wertz & Sayette, 2001) and in 

adolescent smokers (Zack, et al., 2001), although not all studies successfully replicated this 

bias (Johnsen, Thayer, Laberg, & Asbjornsen, 1997). Smokers have also exhibited an 

attentional bias for smoking-related imagery in visual dot-probe tasks (M. Field, Mogg, & 

Bradley, 2004; Mogg, et al., 2003; Waters, Shiffman, Bradley, et al., 2003), a bias that is 

not seen in non-smokers (Bradley, et al., 2003; Hogarth, Mogg, Bradley, Duka, & 

Dickinson, 2003). In addition to a bias in initial orienting to a smoking-related stimulus, 

eye-movement studies find that smokers tend to gaze at smoking-related imagery for 

longer periods of time (M. Field, Mogg, Zetteler, & Bradley, 2004; Mogg, et al., 2003). 

Conflicting results have been found regarding the factors that are associated with 

attentional bias for smoking-related cues, such as the inconsistent correlations found 

between attentional bias and smoking urge as discussed in section 1.4.1  (Mogg & Bradley, 

2002; Waters, Shiffman, Sayette, et al., 2003; Waters et al., 2004). Similarly, while some 

studies have failed to find associations between attentional bias and use or dependence 
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(Waters, Shiffman, Bradley, et al., 2003), others report significant correlations (Mogg & 

Bradley, 2002), and conclude that attentional bias can predict the time lapse after waking 

before the first cigarette of the day is smoked. This suggests that attentional bias is more 

tightly linked to individual vulnerability to sensitization than to lifetime consumption 

(Waters & Feyerabend, 2000). A relationship between attentional bias and deprivation 

(Gross, et al., 1993; Zack, et al., 2001) suggests that abstinence causes an individual to 

become increasingly preoccupied with thoughts of smoking, and reduces their ability to 

ignore a stimulus or override an involuntary response. In contrast, other studies have failed 

to find any influence of abstinence (Mogg & Bradley, 2002; Munafo, et al., 2003), or 

suggest that it is only evident when an individual is also experiencing high craving levels 

(Sayette & Hufford, 1994). Attempts continue to be made to identify those correlates of 

attentional bias that may be predictive of clinical outcome (Waters, Shiffman, Sayette, et 

al., 2003), constitute an important factor in drug relapse (Shiffman, et al., 1996), and prove 

amenable to therapeutic intervention (Munafo, et al., 2003). Chapter 3 will investigate 

attentional bias for positive and negative smoking-related information in more detail, 

including an examination of any age-related differences that may be found. 

1.5.3  The peer prevalence false consensus effect 

The false consensus effect (FCE, Ross, et al., 1977) represents the tendency an 

individual has to see their own attitudes and behaviours as more common among some 

reference group than they actually are. Explanations of this effect have variously been 

based on selective exposure, motivational distortion, causal attributions, and behavioural 

conformity (Sherman, 1983; Sussman, Dent, Mestel-Rauch, & Johnson, 1988). Firstly, 

Ross and colleagues (1977) suggest that people base their prevalence estimates on the 

number of significant people in their immediate environment who smoke. Overestimation 

would be more likely from an individual whose close friends smoke or who inhabits 

environments where smokers and non-smokers mix freely. This selective exposure 
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explanation also predicts that individuals will overestimate smoking prevalence to a 

greater extent for their peer group than they would for other groups. Alternatively, the 

false consensus effect could be driven by motivational factors and the simple need to 

justify one’s own risky behaviour (Ross, et al., 1977). A third explanation involves the 

types of behavioural attributions that people commonly make. Jones and Nisbett (1971) 

have demonstrated that in general people make situational attributions for their own 

behaviour but dispositional attributions for the behaviour of others. In this regard, people 

who feel that smoking decisions are primarily driven by situational variables will have a 

tendency to over-estimate smoking prevalence. Finally, the more socially approved a 

behaviour is, the more prevalent it seems, and the more likely an individual will be to 

conform to the behaviour of the majority (Sherman, 1983).  

Studies have consistently found sizeable differences between estimated peer 

prevalence rates for a range of substances (Pollard, Freeman, Ziegler, Hersman, & Goss, 

2000; Prinstein & Wang, 2005; Wolfson, 2000), including smoking (Otten, Engels, & 

Prinstein, 2009; Sherman, 1983), and overestimation of peer prevalence was predictive of 

use in each case. It should be noted that the vast majority of research has been carried out 

with adolescents, although one study did find a similar effect in a middle-aged smokers 

(Cunningham & Selby, 2007). Relatively little is known about the comparative size of the 

overestimation in different age groups and it would be informative to uncover how this 

bias may alter with age. As well as overestimating descriptive norms, smokers have a 

tendency to overestimate injunctive norms such as the level of peer approval for smoking 

(Sussman, et al., 1988) and inferring higher levels of approval has been implicated in the 

maintenance of smoking behaviour. Making decisions and performing behaviours on the 

basis of these false consensus effects can lead to self-fulfilling prophecies; in other words, 

smoking because everyone else seems to be reinforces the perception that everyone else is 

doing it, which leads to higher perceived prevalence, and the cycle continues. Educating 
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adolescents about the actual prevalence rates of smoking in their peer group has had some 

success as adolescents seem to be able to provide more accurate peer prevalence estimates 

if they understand that they have a tendency to overestimate this frequency (A. K. Brown 

et al., 2010). 

1.5.4  Optimistic risk bias 

A number of studies have demonstrated that not only can smokers identify the risks 

of smoking, but that they often overestimate the extent to which smoking causes particular 

health problems, such as lung cancer (Viscusi, 1991). There is little evidence, however, 

that knowledge and awareness of smoking risk deters adolescents, whereas it is judged to 

have a greater influence on adult smoking behaviour (Romer & Jamieson, 2001). It may be 

that adolescent smokers do not fully appreciate the risks associated with smoking, that they 

do not view these risks to be personally applicable until some point in the future (Slovic, 

1998), or that they can store them in such a way that does not influence behaviour 

(Gerrard, Gibbons, Benthin, & Hessling, 1996). It may also be that risks are generally 

assessed on the basis of the average or ‘typical’ smoker and adolescents do not see 

themselves as identifying with this smoker prototype (Viscusi, 1991). Nor is there a 

distinction made between lifetime risk and the specific risk posed by the next cigarette, 

even though each is likely to impact a smoking decision in a different way (Viscusi, 1992). 

Given that risk-related information is essentially a subset of negative smoking 

expectancies, it may simply be that this information is less salient, or more likely to be 

suppressed in favour of positive smoking associations, and in both cases becomes less 

accessible when the smoking decision is being made.  

Most people’s assessment of their own risk of any deviant behaviour also tends to 

be prone to optimistic bias (N. D. Weinstein, 1998) such that they see themselves at less 

risk than their peers; however, inconsistent results have been found for smokers. Some 

studies have observed that smokers rate their personal health risk as higher than non- and 
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ex-smokers do (Boney-McCoy, Gibbons, & Gerrard, 1999; Cohn, Macfarlane, Yanez, & 

Imai, 1995; Gerrard, et al., 1996), some find similar ratings regardless of smoking status 

(Greening & Dollinger, 1991), and others find that smokers give the lowest personal risk 

ratings (Arnett, 2000; Hansen & Malotte, 1986; Lee, 1989). Interestingly, Slovic (2000) 

noted that smokers were less likely than non-smokers to rate short-term smoking as 

harmful, which supports the idea of differential impacts of perceptions of short- and long-

term risks. Finally, smokers tend to exhibit an optimistic quit bias which is an 

unrealistically confident belief that they can quit smoking whenever they feel they need to 

(N. D. Weinstein, Marcus, & Moser, 2005). This belief is likely to facilitate smoking 

behaviour even in those who appear to have a good understanding of smoking-related risk. 

Taking all of this evidence together, there remains a question of how smokers of different 

ages perceive smoking risk, whether they are in fact optimistic about this risk, and if risk 

bias should form part of a basic model that explains the explicit and implicit cognitive 

processes associated with smoking initiation, maintenance, and relapse. These questions 

will be considered, along with normative biases, and other TPB smoking-related variables, 

in Chapters 5 and 6 of this thesis. 

1.6  Measuring Cognitive Processes in Nicotine Addiction 

Finally, some consideration must be given to the most appropriate assessment 

methods for measuring cognitive processes involved in smoking-related behaviour. 

Traditionally, cognitive assessment has relied on self-report measures, yet the anomalies 

that exist between explicitly stated beliefs and exhibited smoking behaviours must call into 

question whether these measures assess all of the cognitive processes that actually direct 

behaviour (McCusker & Gettings, 1997). Social desirability bias can be problematic for 

self-report measures, and the content of earlier items within the measure can prime 

responses to later items (McCusker, 2001), thus constituting a potential confound. Memory 
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is also highly cue- and situation-dependent, and self-reported expectancies have been 

shown to change pre- and post-cue exposure (Cooney, Gillespie, Baker, & Kaplan, 1987).  

The theory and research evidence presented in this chapter clearly support the 

likelihood that two types of cognitive processes are implicated in smoking-related 

behaviour. The first are explicit processes engaged in executive functioning, and in 

deliberate, planned and controlled behaviour. The second are implicit, automatically 

activated processes, which are fast, efficient, difficult to interrupt, and not subject to 

introspection. Furthermore, the two types of processes are likely to interact with each other 

when smoking decisions are made. Environmental cues evoking positive smoking-related 

memories may tend to influence implicit cognition, whereas stimuli activating an 

awareness of the negative effects of smoking may tend to influence explicit cognition, at 

least until such point as this information becomes habitually activated and stored as 

implicit cognitive associations (Sussman, 2010; Wiers, de Jong, Havermans, & Jelicic, 

2004). A combination of explicit and implicit assessment techniques will therefore be 

required to properly understand smoking-related behaviour.  

Implicit cognitive tests provide new and useful ways for studying addictive 

behaviours. Free association, lexical decision, and word-based priming tasks measure the 

strength of semantic associations in memory. The greater the associative strength between 

two concepts, the more accessible one is likely to be when presented with the other 

(Baddeley, 1990) and the more likely automatically triggered associations are to be 

revealed. Attentional bias tasks such as the modified-Stroop and the visual dot-probe tasks 

illustrate the involuntary performance degradation that occurs when an individual detects 

the presence of drug-related stimuli, in comparison to neutral. This reduction in 

performance can be said to reflect the incentive-salience of these stimuli and provide an 

objective index of the desire to use these drugs (Franken, Kroon, Wiers, et al., 2000). The 

validity of these tasks has been established as they illustrate that attentional bias is not 
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dependent on an individual’s level of executive control, can distinguish abusers from non-

abusers, and can successfully predict an increased potential for relapse (W. M. Cox, et al., 

2006). Given the involuntary nature of the cognitive processes underlying addiction, 

implicit measures may produce more reliable predictions of smoking behaviour as they 

provide the ability to directly access memory processes and aspects of cognition that are 

not open to introspection (Stacy, 1997).  

1.7  Thesis Aims and Hypotheses 

Few studies investigate both the explicit and implicit measurement of smoking 

cognitions within the same sample. For example, only one study to date has addressed 

adolescent and adult differences in substance-related memory associations and outcome 

expectancies (Sussman, Skara, & Ames, 2008), and that study merely reviewed the 

different investigative approaches undertaken with each group along with the implications 

for prevention and treatment. Concentrating on only one measurement approach, not only 

reduces our understanding of the cognitions underpinning addictive behaviour, but also 

limits the theoretical models used to explain them. As smoking onset typically occurs after 

age 12 and before age 24 (Sher, Wiers, & Stacy, 2006), it is also surprising that there 

continues to be little investigation of implicit adolescent smoking cognitions.  

The aim of this thesis was to examine the role that cognitive biases play in the 

initiation and maintenance of tobacco smoking. Within the context of the cognitive models 

of nicotine addiction presented above, the research will directly investigate age-related 

changes in cognitive beliefs and the implications that these have for smoking behaviour. It 

will seek to identify how smokers manage the negative information pertaining to smoking 

that they encounter in everyday life. It will question if the apparent cognitive avoidance of 

the ramifications of negative smoking-related information is driven solely by a positive 

memory bias or if it can be considered to be a form of thought suppression, and it will 

strive to ascertain how best to measure this suppression. It will also aim to identify if there 
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are any measures of implicit cognition that are capable of reliably differentiating between 

early smokers and non-smokers, and between smokers of different ages, in a way that can 

be used to improve prediction of the cognitive characteristics of those most likely to 

become addicted over time. Specifically, this thesis will attempt to answer the following 

research questions: 

 

1. To what extent do smokers and non-smokers of different ages appreciate both the 

positive and negative consequences associated with smoking? 

a. This will be investigated by measuring smoking status and age-related 

differences in the relative strength of positive and negative smoking 

expectancies, using both explicit and implicit assessment methods. 

b. According to CSLT and associative memory models of addiction, smokers 

would be expected to demonstrate a positive memory bias for smoking-related 

information when assessed implicitly; a bias which would not be seen in non-

smokers.  

c. It was also expected that explicit and implicit measures would each predict a 

unique portion of the smoking status variance between groups demonstrating 

the importance of assessing smoking expectancies using both types of 

measurement.  

2. How do smokers and non-smokers of different ages manage negative smoking-related 

information and if cognitive avoidance is demonstrated by smokers, does this process 

involve a form of natural thought suppression? 

a. This will be investigated by examining implicit reactions to positive and 

negative smoking words and images, in comparison with general positive, 

general negative and neutral stimuli. These reactions will be correlated with 

two common suppression measures to determine if either could be used to 

accurately measure naturally occurring suppression. 
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b. Cognitive models would suggest that attentional bias to smoking-related 

information should be observed in smokers but not in non-smokers. 

Additionally, CSLT and associative memory theories would predict that 

smokers will respond more quickly to positive smoking-related stimuli, in 

comparison to other stimulus categories.  

 

3. Do smokers overestimate peer prevalence rates of smoking and does this 

overestimation change with age or smoking experience? 

a. This will be investigated by examining estimates of peer smoking prevalence in 

comparison to actual prevalence rates in Ireland. 

b. Smokers are expected to demonstrate a false consensus effect but that the size 

of the overestimation would decline with age. The extent of the overestimation 

was also expected to predict current smoking status. 

 

4. Do smokers understand the risks involved when they decide to smoke or do they 

exhibit optimistic relative risk biases for smoking-related health and addiction risks? 

a. This will be investigated by examining the extent to which smokers and non-

smokers of different ages endorse negative health and addiction expectancies of 

smoking. Their attitudes to risk in general, and to smoking risks in particular, 

will be examined in relation to themselves, to their peers in general, and to the 

‘typical’ peer smoker. 

b. Given the proliferation of negative information pertaining to smoking, 

particularly since the smoking ban was introduced in Ireland, all participants 

are expected to show an awareness of the risks of smoking, but smokers, and in 

particular younger smokers, are expected to demonstrate an optimistic relative 

risk bias. 
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5. How does implicit cognition, and in particular implicit memory, contribute to smoking 

behaviour and could measures of implicit cognitive bias be added to an extended-TPB 

model to more accurately predict smoking behaviour? 

a. A combination of implicit and explicit assessments of smoking-related 

attitudes, expectancies, norms, and risks will have been collected from smokers 

and non-smokers of different ages when investigating the questions above. 

These will be combined in an attempt to create a dual implicit and explicit 

cognitive model that predicts smoking behaviour. 

b. It is expected that the combination of explicit and implicit measures will better 

predict smoking behaviour than either would alone. 

 

Throughout the studies presented in this thesis, participants will be grouped by age 

into adolescent (15-18), young adult (19-25) and adult (26+) groups. Within each group 

participants will be categorised by smoking status with a non-smoking group serving as 

the control in each case.    

Combined adolescent and adult smoking research using implicit measures is 

practically non-existent and the results of this thesis should both add to our knowledge of 

cognitive control within the field, and also specifically extend the limited amount of 

information available on how it changes with age. Although initially focusing on tobacco 

smoking, these research findings could potentially generalise to other addictions and to 

other risky behaviours commonly initiated in adolescence. Given the automatic nature of at 

least some of the processes known to be involved in these behaviours, and the inherent 

difficulties trying to change these processes, a greater understanding of their causes and 

correlates may help to predict initiation, relapse and to identify more effective treatment 

strategies.  

The structure of the thesis is as follows: Chapter 2 reports an investigation of the 

explicit and implicit measurement of smoking expectancies and it proposes an adjusted 
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explicit smoking consequences measure appropriate for use in heterogeneous samples 

(Study 1). Chapter 3 presents an implicit assessment of associative memory strength for 

positive and negative smoking-related words using a lexical decision task, and an 

examination of attentional bias to positive and negative smoking-related imagery using 

modified-Stroop and visual dot-probe tasks (Study 2). Chapter 4 extends the results 

presented in Chapter 2 by re-examining positive and negative evaluations of smoking in a 

larger sample (Study 3) and validating the revised explicit expectancy measure previously 

obtained. Chapters 5 and 6 present the main findings of Study 3 which investigated the 

core components of an extended-TPB smoking model: attitudes; descriptive, subjective, 

and moral norms; risks; current and past smoking-behaviour. Within- and between-group 

differences are discussed and a revised model for predicting smoking behaviour from a 

combination of implicit and explicit assessment of smoking-related information is 

proposed. Finally, Chapter 7 is a general discussion of the main findings from the 

empirical studies, which reviews the comprehensiveness of the key models of addiction, 

and their ability to explain smoking-related cognitive biases. Conclusions regarding the 

affective, cognitive, and social learning influences on smoking are drawn.   
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Chapter 2: Smoking Expectancies: Explicit and Implicit Assessment in Adolescent 

and Adult Smokers and Non-smokers (Study 1)  

2.1  Introduction 

Drug expectancies represent an individual’s beliefs and assumptions about the 

consequences of drug use (Goldman, 1999). They can be conceptualised as models of 

long-term positive and negative use-and-effect memory associations (Bolles, 1972; 

Goldman, 1999). They are dynamic, formed initially from perceptions and altered as 

experience is gained (Rather & Goldman, 1994). Typically, they refer to outcomes which 

are most often measured explicitly with pre-determined questionnaires. Such 

questionnaires present lists of positive expectancies (e.g., smoking helps if I feel bad about 

myself), and negative expectancies (e.g., by smoking I risk heart disease and lung cancer), 

and then require the participant to endorse each expectancy at an ordinal level of 

agreement. As discussed in Chapter 1, many addiction theories include a role for outcome 

expectancies (Baker, Brandon, & Chassin, 2004; Brandon, Herzog, Irvin, & Gwaltney, 

2004; Marlatt, 1996) claiming that initial decisions to use a substance are influenced by the 

potential for positive consequences. Drug use is then maintained by the presumption that 

these outcomes can continue to be achieved through sustained use (Leigh & Stacy, 2004), 

and expectancies relating to negative affect reduction are particularly associated with 

problematic substance use (Farber, Khavari, & Douglass, 1980; Myers, MacPherson, 

McCarthy, & Brown, 2003).  

Thush and colleagues (2007) propose that implicit drug-related cognitions, which 

embody early drug-use experiences, vicarious learning, and other behaviours that influence 

affective experience, have a more automatic and less effortful influence on drug-related 

behaviour. Social learning theories of addiction offer only a limited acknowledgement of 

implicit processing (Kelly, Masterman, & Marlatt, 2006).  Memory theories, such as the 

spreading activation model (Litz, et al., 1987), better illustrate how memory associations 
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can trigger cognitive processing, how memory may be automatically cued, how object 

perception may trigger substance-related cravings, and how habits can be maintained 

(Munafo & Albery, 2006). Automatically accessible associations are more likely to 

influence a particular information processing sequence (Palfai, 2002), and will be more 

closely linked to behaviour (Bargh, 1992). Using both explicit and implicit measures to 

examine which expectancies are held, and by whom, is crucial to our understanding of 

how addictions are initiated and maintained, especially as behaviour seems to be driven 

not only by the presence of these beliefs, but also their ease of activation in memory.  

2.1.1  Explicit assessment of smoking expectancies 

Explicitly assessed smoking expectancies have been shown to predict smoking 

behaviour among adolescents (Bauman, Fisher, Bryan, & Chenoweth, 1984; Wahl, Turner, 

Mermelstein, & Flay, 2005), young adults (Downey & Kilbey, 1995), and older adults 

(Copeland, et al., 1995). The Smoking Consequences Questionnaire (SCQ; Brandon & 

Baker, 1991) is a common explicit assessment of smoking expectancies which has been 

used to identify four expectancy factors in a student population: negative consequences 

(e.g., my throat burns after smoking), positive reinforcement (e.g., I enjoy parties more 

when I am smoking), negative reinforcement (e.g., if I am tense, a cigarette helps me to 

relax), and appetite/weight control (e.g., smoking helps me stay slim). It has also been used 

to identify a number of population specific differences, which has resulted in the creation 

of SCQ measures specifically for adolescents (Lewis-Esquerre, et al., 2005; Myers, et al., 

2003; Wahl, et al., 2005), young adults (Downey & Kilbey, 1995; Schleicher, Harris, 

Catley, Harrar, & Golbeck, 2008), and older adults (Copeland, et al., 1995; Rash & 

Copeland, 2008), which demonstrate strong internal consistency (α = .72 to .97) and good 

convergent validity.  

Individuals can simultaneously hold both positive and negative expectancies, but 

smokers typically give more positive endorsements of smoking than both non-and ex-
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smokers, even in situations where their overall evaluation of smoking is negative (Lewis-

Esquerre, et al., 2005; Rash & Copeland, 2008). Positive expectancies, especially those 

related to experiencing pleasure, best predict changes in adolescent smoking, including 

initiation and increased use. High levels of negative reinforcement expectancies, such as 

stress relief, are associated with relapse, and low levels with decisions to quit, and they 

have been identified as the best predictors of cessation outcomes in adults (Copeland, et 

al., 1995; Wetter, et al., 1994). Smoking expectancies have also successfully differentiated 

between smokers of different experience levels, with daily smokers holding stronger levels 

of positive and negative reinforcement expectancies than occasional, ex- and never-

smokers  (Brandon & Baker, 1991), and net-positive views of smoking have been 

correlated with even minimal non-daily smoking (Carpenter, Baker, Gray, & Upadhyaya, 

2010). Adolescent expectancies are also consistently associated with dependence, smoking 

duration, and increased use over time (Brady, et al., 2008; Piko, 2001), although the exact 

nature of the relationship is unclear. For example, use has been found to influence positive 

expectancies (Palfai, 2002; Schleicher, et al., 2008), but increased smoking has also been 

associated with a greater likelihood of experiencing negative consequences (Brady, et al., 

2008).  

In general, the strongest behavioural correlations are found with the positive, rather 

than the negative, reinforcing effects of smoking (C. B. Anderson, Pollak, & Wetter, 

2002). Although this explicit approach to expectancy assessment successfully detects 

smoking-related associations available in long-term memory, the anomalies often seen 

between beliefs and behaviour (Tiffany, 1990) challenge the idea that action is purely 

driven by the expectancies captured using explicit self-report measures. Furthermore, 

McCusker (2001) argues that individuals may be endorsing socially held beliefs (e.g., 

smoking causes cancer) rather than personally relevant smoking-related expectancies, and 

that even if these social beliefs were to motivate behaviour, the extent to which they would 
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do so would depend on how retrievable they are from memory, when faced with smoking-

related decisions.   

2.1.2  Implicit assessment of smoking expectancies 

Memory paradigms, such as free association tasks, have been used to capture self-

generated substance-related expectancies as they measure association strength and the 

elaboration of substance-related information in memory (Stacy, Leigh, & Weingardt, 

1994). They also successfully reveal automatically accessible associations as well as those 

available from conscious introspection (Baddeley, 1990). Smokers have been found to 

freely generate more positive, but similar numbers of negative, smoking expectancies than 

non-smokers (Leung & McCusker, 1999). O’Connor and colleagues (2007) suggest that 

this is a result of weaker negative implicit associations which are therefore less accessible, 

but Leung and McCusker (1999) argue that smoking-related contexts and stimuli facilitate 

a positive memory bias for smoking associations in smokers. They further support their 

argument by examining the relative strength of positive to negative expectancies within 

smoking and non-smoking groups. While social learning theory would suggest that this 

balance would be consistent for both groups across time, Leung and McCusker (1999) 

found that smokers generated more of their positive associations earlier in a free 

association period than non-smokers. They argued that these associations were more 

automatic in nature and represented those most accessible in memory, whereas those 

generated later reflected the results of a more deliberate and effortful search of available 

memory.  

The importance of distinguishing between positive and negative smoking-related 

associations is further justified by the finding that smokers rate the affective characteristics 

of smoking-related images more positively than never-and ex-smokers (van Hanswijck de 

Jonge & Gormley, 2005). Implicit measurement of smoking expectancies has 

demonstrated that accessibility of robust positive expectancies predict smoking initiation 
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(C. B. Anderson, et al., 2002), continued use (O'Connor, et al., 2007), and relapse 

(McCusker, 2001) in smokers, while access to a strong set of negative expectancies acts as 

a protective factor in non-smokers (Sherman, Rose, Koch, Presson, & Chassin, 2003), so 

those for whom positive associations become most highly accessible may beat greater risk 

of smoking dependence. 

2.1.3  Age variation in expectancies 

As smoking experience increases, smoking-related expectancies also change. 

Childhood smoking expectancies are typically negative but they become more positive in 

adolescence with the onset of smoking behaviour (O'Connor, et al., 2007), and then 

increasingly more negative with age and the accumulation of negative smoking experience 

(Wetter, et al., 1994). Adolescents seem to be aware of the negative consequences of 

smoking and may even experience some themselves (Brady, et al., 2008), yet they appear 

able to inhibit the potentially dissuading impact of negative outcomes in favour of more 

immediate positive consequences such as enhanced image and peer regard (Slovic, 

Finucane, Peters, & MacGregor, 2004). It may be that positive expectances best predict 

smoking behaviour in adolescents or in early smokers while negative expectancies become 

more accessible in older and more experienced smokers. That said, if positive expectancies 

are retrieved more frequently by someone experimenting with smoking, regardless of age, 

this in itself will make them more likely to be retrieved automatically when faced with 

future smoking-related decisions. It is important, therefore, in any study of expectancies 

and behaviour, to consider how their presence differs with age. 

2.1.4  Measuring nicotine dependence 

Nicotine dependence is associated with the quantity and frequency of smoking 

(DiFranza, et al., 2002; Nonnemaker & Homsi, 2007), previous quit attempts and low 

intention to quit in adults (John, Meyer, Hapke, Rumpf, & Schumann, 2004), lower 

readiness and ability to quit in adolescents (Horn, Fernandes, Dino, Massey, & Kalsekar, 
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2003; Prokhorov et al., 2001), and implicit attitudes to smoking (Waters et al., 2007). The 

Fagerström Test for Nicotine Dependence (FTND; Heatherton, Kozlowski, Frecker, & 

Fagerström, 1991) is short, practical, and the most common self-report measure of nicotine 

dependence across a substantial body of research with smokers of different ages and 

experience levels (Piper, McCarthy, & Baker, 2006). Although its use with adolescents has 

been supported (Nonnemaker & Homsi, 2007), some researchers argue that it was 

designed for adults and relies too heavily on cigarette use, thereby making it unsuitable for 

adolescent and novice users (Colby, et al., 2000; K. C. Wheeler, Fletcher, Wellman, & 

Difranza, 2004). Carpenter and colleagues (2010) have suggested using an adjusted 

version of the FTND that omits the item regarding cigarette use (question 4).  

An alternate measure, the Hooked on Nicotine Checklist (HONC), was specifically 

developed for use with adolescents (DiFranza et al., 2000). This scale claims to measure 

loss of autonomy over the quantity of cigarettes smoked. Acknowledgement of any one of 

the symptoms included in the scale, such as craving or difficulty refraining from smoking, 

is interpreted as being a barrier to quitting. The HONC has successfully been used with 

adolescent smokers (MacPherson, Strong, & Myers, 2008; K. C. Wheeler, et al., 2004), 

and with adults (Wellman, DiFranza, Savageau, & Dussault, 2004), and it has been argued 

that it is uniquely suited to low consumption smokers (Wellman et al., 2006). Associations 

between the two measures are modest at best indicating that they may not, in fact, measure 

the same underlying construct (Kleinjan et al., 2007). Nevertheless, there is a need to 

identify accurate self-report dependency measures that are simple, brief, easily 

administered, and which can be used in heterogeneous populations. 

2.1.5  Suppression of negative associations 

One of the ways in which people manage the discrepant cognitions involved in 

continuing a behaviour they know to be bad for them is to avoid thinking about the 

dangers associated with the behaviour (Gerrard, et al., 1996). Few studies have examined 
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the relationship between substance use and thought suppression despite the fact those who 

seek to control substance use cravings seem least able to do so (Polivy, 1998; Wenzlaff & 

Wegner, 2000). Salkovskis and Reynolds (1994) found high levels of intrusive smoking-

related thoughts in smokers trying to abstain, yet elsewhere, no relationship was found 

with relapse (Haaga & Allison, 1994). Research on fear appeals has also demonstrated that 

recipients of fear-based messages can suppress concepts semantically related to a threat, 

and that they exhibit an attentional bias away from threat-relevant stimuli (Nielsen & 

Shapiro, 2009). Importantly, this form of suppression is described as a natural response to 

the fear appeal when threat avoidance is not viable (Witte, 1992).     

Two self-report measures are commonly used in suppression studies and each is 

thought to index a different type of suppression (Wenzlaff & Wegner, 2000). The White 

Bear Suppression Inventory (WBSI; Wegner & Zanakos, 1994) assesses chronic thought 

suppression and it is primarily a measure of the conscious desire to suppress thoughts. 

Participants agree or disagree with statements such as “There are things I prefer not to 

think about” and “My thoughts frequently return to one idea”. The authors argue that 

chronic thought suppression decreases the likelihood that an individual will habituate to 

stimuli related to the suppression target. As a result, the desire to inhibit particular 

thoughts (e.g., smoking-related) may potentially lead to a hypersensitivity to stimuli 

relevant to those thoughts (e.g., smoking cues). The WBSI has been shown to have good 

reliability (α = .89), to be predictive of unwanted intrusive thoughts, and to demonstrate 

good convergent validity with measures of obsession-compulsion, anxiety, depression, and 

intrusive thinking (Muris, Merckelbach, & Horselenberg, 1996). It has been used to 

measure suppression associated with eating behaviour (Soetens, Braet, Dejonckheere, & 

Roets, 2006) and to demonstrate that participants instructed to suppress their urge to drink 

alcohol made faster endorsements of alcohol outcome expectancies following exposure to 
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alcohol cues, than those in the non-suppression group (Palfai, Monti, Colby, & Rohsenow, 

1997).  

In contrast, the Thought Control Questionnaire (TCQ; Wells & Davies, 1994) 

measures different strategies used to suppress unpleasant, intrusive, and unwanted 

thoughts. The scale is made up of three suppression-related factors: distraction (e.g., I do 

something I enjoy), worrying (e.g., I replace the thought with a more trivial bad though), 

and punishment (e.g., I get angry at myself for having the thought); and two non-

suppression factors: social coping (e.g., I talk to a friend about the thought) and reappraisal 

(e.g., I question the reason for having the thought). Although it has been shown to have 

acceptable reliability (factor level Cronbach’s alphas range from .64 to .79), there is a lack 

of systematic investigation of its convergent and discriminant validity so it remains unclear 

how useful a measure this is (Fehm & Hoyer, 2004). The TCQ scale has been successfully 

used to measure suppression in rebound experiments, for example with OCD 

(Abramowitz, Whiteside, Kalsy, & Tolin, 2003), and significant associations have been 

found between punishment and worry scores and perceptions of impaired control over 

cognition (Wells & Davies, 1994). 

2.1.6  Aims of the current study 

Given that explicit and implicit expectancies predict smoking, two different aspects 

of cognition are conceivably involved; an explicit expectancy component which is likely to 

influence deliberate and introspective aspects of the smoking-decision process, and an 

implicit memory activation triggered by motivational and situational circumstances which 

accounts for the more automatic aspects of smoking-related decisions (A. Weinstein & 

Cox, 2006). Despite these findings, few studies investigate both the explicit and implicit 

measurement of smoking expectancies within the same sample. Concentrating on only one 

measurement approach, not only reduces our understanding of these expectancies, but also 

limits the theoretical models used to explain them, and potentially decreases the amount of 
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variance that can be explained when differentiating between smokers and non-smokers. 

Fewer still analyse the relative strength of positive and negative outcomes endorsed, which 

is potentially important as the predominance of positive expectancies increases drug-taking 

while the dominance of negative expectancies motivates drug-use restriction (Oei & 

Morawska, 2004). As smoking onset typically occurs after age 12 and before age 24 (Sher, 

et al., 2006), it is also surprising that there continues to be little research of implicitly 

measured smoking expectancies with adolescents. On that basis, this study investigated if 

explicit and implicit measurement of smoking expectancies would reveal differences in the 

types and sequence of outcomes endorsed by adolescent (age 15-18), young adult (age 19-

25) and older adult (age 26-40) smokers and non-smokers, and if these differences could 

successfully predict current smoking behaviour.  

The research aimed to address five specific questions; the first three questions 

relate specifically to smoking expectancy measurement, the fourth to the appropriate 

measurement of nicotine dependence, and the fifth to the potential measurement of natural 

thought suppression. First, the study sought to investigate smoking status and age-related 

differences in the relative strength of positive and negative smoking expectancy 

endorsement, as measured explicitly by an SCQ scale. It was hypothesised that all 

participants would give a more negative than positive explicit evaluation of smoking, the 

latter of which would decline with age. Second, the study sought to determine the relative 

balance of positive and negative expectancies generated in a free association task (implicit 

measure). Again, all participants were expected to give more negative than positive 

evaluations of smoking, but smokers were expected to be more positive than non-smokers. 

Both these differences were expected to decline with age. Smokers were also expected to 

produce more of their positive smoking expectancies earlier in the free association period 

than non-smokers, whose distribution of positive and negative associations was predicted 

to be more temporally balanced. Third, the findings from the two expectancy measures 
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would be compared to investigate which was most closely linked with self-reported 

smoking behaviour. It was hypothesised that implicit assessment would more successfully 

reveal accessible, as well as available, smoking associations, including those highly 

accessible positive associations thought to influence much smoking-related behaviour. It 

was also expected that each measure would predict a unique portion of the smoking status 

variance between the two groups, thus demonstrating the importance of assessing smoking 

expectancies using both types of measurement.  

Fourth, the study sought to determine whether the FTND or the HONC provided a 

better measure of nicotine dependence among a diverse group of smokers, and if common 

scoring adjustments made to both measures are necessary in order for the measurement to 

be successful. Finally, this study is based on the assumption of a rational decision-making 

process whereby positive consequences have to outweigh negative consequences in order 

to initiate and maintain behaviour. As negative consequences are expected to be available 

to smokers, they must then be altering their cognitions in some way in order to maintain 

their smoking behaviour. In this case, suppression of available negative consequences may 

be required to negate their impact on behaviour. Two commonly used suppression 

measures, the WBSI and the TCQ, will be administered as part of this study to determine 

which might indicate whether suppression of negative consequences is a real phenomenon 

in smokers. 

2.2  Method   

2.2.1  Participants 

Two hundred and thirty-one participants took part in this research. Following data 

collection they were grouped by smoking status (smoker and non-smoker) and age 

(adolescents: 15 to 18 years, young adults: 19 to 25, and older adults: 26 to 40). Eighteen 

year olds were included in the adolescent group as this is the typical school-leaving age in 

Ireland, and it represents a transition point to work or higher education. Young adult 
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populations are generally age 25 and under in implicit cognitive addiction research 

(Rooke, Hine, & Thorsteinsson, 2008) so this categorisation was adopted here. Groups 

comprised of 89 smokers (33, 27, 29) and 142 non-smokers (83, 30, 29). A full breakdown 

of participant characteristics is presented with the results. Adult participants were recruited 

via posters and emails. Some were undergraduate students who participated in exchange 

for research credits, others for entry into a draw for €50. Adolescents were recruited from 

three post-primary schools, the principals of which had agreed that their school should 

participate in this research. The study was approved by the School of Psychology Research 

Ethics Committee in Trinity College Dublin (see Appendix 1). Parental consent was 

provided for participants under the age of 18. All others provided formal written consent 

prior to commencing the study (see Appendix 2).  

2.2.2  Measures 

2.2.2.1  Explicit smoking expectancies.  Age specific versions of the SCQ contain 

items particularly relevant to an age group, but they can also omit important outcomes; for 

example, including popularity expectancies in the adolescent version while omitting 

serious health risks and craving-related items (Lewis-Esquerre, et al., 2005). None of the 

age specific SCQ questionnaires were therefore considered appropriate for a study 

investigating age-related smoking expectancy differences. Although a shortened version of 

the SCQ has previously been used within an adolescent population (Myers, et al., 2003) 

concerns have been raised about the age-related validity of some its items (Lewis-

Esquerre, et al., 2005). In order to obtain a measure containing a broad range of smoking-

related consequences oriented to all ages, the items in the original SCQ (Brandon & Baker, 

1991) were compared to those in the adolescent (Lewis-Esquerre, et al., 2005) and adult 

(Copeland, et al., 1995) versions. Twenty-nine items were common across the scales. They 

adequately represented the original SCQ factors of negative consequences (10 items), 

negative reinforcement (8 items), positive reinforcement (7 items) and weight control (4 
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items), so they formed the basis of the SCQ measure used in this study (see Appendix 3). 

Participants responded to each item using a Likert scale running from 1 (Extremely 

unlikely) to 6 (Extremely likely). Mean responses were calculated for all positive (negative 

reinforcement, positive reinforcement and weight control) and all negative (negative 

consequences) SCQ items so that, although there were a different number of positive and 

negative expectancies, nevertheless their responses could be meaningfully compared.  

Only the 29 common SCQ items inform the analysis in this chapter. However, to facilitate 

the future definition of a more complete cross-age SCQ measure, participants were asked 

to respond to nine additional positive expectancy items. These were selected from the age-

specific SCQs in outcome areas under-represented in the original, based on arguments 

made by the authors of the revised scales. Chapter 4 presents a full description of this 

selection process, an exploratory factor analysis of participant responses to the full 38 SCQ 

items, and a confirmatory factor analysis of the resulting revised SCQ measure using 

participant responses from a new sample (Study 3).  

2.2.2.2  Free association task.  A 3 minute pen-and-paper free association (FA) 

task, similar to that used by Leung and McCusker (1999), was used to capture implicit 

smoking expectancies. Participants were asked to write down whatever came to mind 

when they thought about smoking. They were instructed that this could include how 

smoking made them feel, and how they felt about it, but that they should leave out brand 

names and nouns such as cigarettes, cigars, and pipe. Numbered blank lines were provided 

and participants were asked to use one line for each word or thought. Following Leung and 

McCusker’s (1999) procedure, after 90 seconds, participants were instructed to draw a line 

under the last word written and to continue until asked to stop. This step was required in 

order to differentiate between words generated in each half of the FA task. FA words were 

first validated to remove nouns (e.g., tobacco, lighter, my dad), then classified as either 
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positive or negative by the experimenter and by an additional smoker and non-smoker. 

Word classifications with full inter-rater agreement (98.68%) were retained.   

2.2.2.3  Nicotine dependence.  Given the debate regarding appropriate nicotine 

dependence measures for adolescents (Colby, et al., 2000; K. C. Wheeler, et al., 2004), 

both the FTND (Heatherton, et al., 1991) and the HONC (DiFranza, et al., 2000) were 

completed by all smokers. Two nicotine dependence scores were calculated for FTND 

responses for each participant; the first using the regular scoring method (FTND) and the 

second using the adjusted method that omits question four (FTND-Adj). Two scoring 

options also exist for the HONC scale. The measure was originally developed using a 

dichotomous scoring mechanism with ‘Yes’ responses scoring 1 and ‘No’ responses 

scoring 0. Subsequently a 4-point Likert response scale was suggested (O'Loughlin et al., 

2003): (1) Never, (2) Seldom, (3) Sometimes, and (4) Often, and studies are increasingly 

using this alternate approach (Kleinjan, et al., 2007). Participants in this study were asked 

to respond using the 4-point scale but two sets of response scores will be calculated; 

HONC scores based on the 4-point scale, and HONC-Y/N scores based on the 

dichotomous scoring method with the ‘Never’ and ‘Seldom’ response options are mapped 

to ‘No’ and the ‘sometimes’ and ‘often’ options to ‘Yes’. In all cases, higher scores 

indicate greater dependence. 

2.2.2.4  Thought suppression.  All participants were asked to complete the WBSI 

(Wegner & Zanakos, 1994) and the TCQ (Wells & Davies, 1994). Although a factor 

structure does exist for the WBSI, it is highly controversial (Blumberg, 2000; Höping & de 

Jong-Meyer, 2003), so the total score will be used in this study. Participants respond using 

a 5-point scale from 1 (strongly disagree) to 5 (strongly agree) such that higher scores 

indicate higher suppression levels. The TCQ scale comprises of three suppression-related 

factors; distraction (TCQ-D), worrying (TCQ-W), and punishment (TCQ-P), and two non-

suppression factors; social coping (TCQ-S) and reappraisal (TCQ-R). Participants respond 
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using a 4-point scale from 1 (never) to 4 (always) and higher scores indicate higher use of 

the particular strategy measured by each factor.  

2.2.2.5  Demographics and smoking history.  All participants provided 

demographic (gender and age) and smoking-related (status, smoking intentions, cigarettes 

per day/week, age started smoking, quit attempts, time since last cigarette) information. 

Consistent with existing research (Reid, Manske, & Leatherdale, 2008), smoking status 

was assessed using a 5-point scale: (1) “I have never smoked a cigarette, not even a puff” 

(never-smoker); (2) “I’ve never really smoked, but I have tried a few puffs” (trier); (3) “I 

used to smoke but now I’ve stopped” (exsmoker); (4) “I don’t smoke every day, but every 

week” (weekly smoker); (5) “I smoke every day” (daily smoker). For this study, categories 

4 and 5 were combined to form the smoker group. Non-smokers were defined as those in 

categories 1 and 2.  The latter participants were included as no individual in that group had 

ever smoked a full cigarette, even on an occasional basis, and it had been at least a year 

since anyone had even a puff of a cigarette. Paper copies of all questionnaires were used. 

2.2.3  Procedure 

Adolescents were tested on school premises. Parental consent was sought in 

advance of the test date and only those volunteers with this consent proceeded to testing. 

Adolescents completed all tasks individually but were tested in groups according to their 

school year. Most adults were tested individually, or in small groups of 5 or less, in Trinity 

College Dublin. Twelve adult participants (10%) were tested in a quiet room in their home 

or office
1
 to facilitate participant time constraints. Smokers were instructed to smoke as 

normal on the day of testing. Upon arrival and having provided written consent, 

participants first completed the FA, then the SCQ measure, the suppression measures, the 

nicotine dependence measures, and finally the demographic and smoking history 

questions. The FA task was always completed first as it is likely that FA word generation 

                                                 
1
 Analyses confirmed that no significant differences were found for implicit expectancies generated, or 

explicit expectancies endorsed, between those tested in Trinity College Dublin and those tested elsewhere.  
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would have been impacted by completing the SCQ first. Non-smokers were instructed to 

skip the two dependence measures but to answer the questions on smoking intentions.  

2.2.4  Data analysis 

2.2.4.1  Smoking expectancy analysis. It has been argued that smokers typically 

give more positive endorsements of smoking than non-smokers, even in situations where 

their overall evaluation of smoking is negative. This suggests that the groups differ in the 

relative balance of positive and negative smoking expectancies held. In order to analyse 

the balance of positive and negative expectancies endorsed on the explicit measure, an 

SCQ difference score was calculated by subtracting the mean negative endorsement score 

from the mean positive endorsement score such that a positive value indicated a net 

positive evaluation of smoking. The valence of the items was based on the factor analysis 

carried out by Brandon and Baker (1991). The SCQ difference score was then analysed 

using a 2 (smoking status) x 3 (age) analysis of variance (ANOVA).  

The same analytical model was used to analyse smoking expectancies generated 

during the implicit assessment task; an FA difference score was calculated by subtracting 

the frequency of negative expectancies generated from the frequency of positive 

expectancies generated. As the main purpose of the FA task was to differentiate those 

expectancies most quickly accessible in memory from those available with more deliberate 

searching, difference scores were calculated for each half of the FA task (T1 and T2). 

These difference scores were then analysed using a 2 (smoking status) x 3 (age) x 2 (time) 

mixed factorial ANOVA. To facilitate direct comparison between the smoking 

expectancies that were most assessable to participants and the relative strength of those 

explicitly endorsed, FA T1 and SCQ difference scores were standardised (z-scores), and 

analysed using a 2 (smoking status) x 3 (age) x 2 (measure: FA T1, SCQ) mixed factorial 

ANOVA. Given gender differences in smoking, additional analyses were carried out with 

gender as a between-groups factor, but no significant gender differences were found so 
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these results are not included.  Finally, multiple logistic regression analysis was used to 

examine three smoking expectancy models to determine which best predicted current 

smoking status; model one contained SCQ difference scores and participant age, model 

two contained FA T1 difference scores and participant age, while model three was a 

combined model that included both SCQ and FA T1 difference scores and participant age.  

2.2.4.2  Nicotine dependency analysis.  Between-group ANOVA analyses were 

used to investigate the appropriateness of each of the four dependence measures (FTND 

and HONC, each with two scoring methods) in each age group, and to determine the 

ability of each measure to distinguish between weekly and daily smokers within each age-

group. Pearson correlations were run to investigate the associations between the measures 

themselves, the relationship between dependence and smoking expectancies, and 

associations with other smoking behaviour variables such as cigarette use and smoking 

intentions. 

2.2.4.3  Thought suppression analysis.  Smoking status and age-related 

differences in WBSI thought suppression were analysed using a between-group factorial 

ANOVA, while a between-group MANOVA analysis, followed by a series of separate 

between-group ANOVA analyses, was carried out on the TCQ subscale suppression 

scores. Pearson correlations were run to investigate the associations between the WBSI 

and TCQ measures, the relationship between thought suppression and smoking 

expectancies, and associations with other smoking behaviour variables such as cigarette 

use and smoking intentions. 

All statistical analyses were conducted using SPSS 19 (SPSS Inc., Chicago, Illinois 

60606, US) and p-vales presented in post-hoc analyses were Bonferroni corrected using 

the SPSS general linear model post-hoc Bonferroni correction function, unless otherwise 

stated. Correlations requiring multiple comparisons have also been Bonferroni corrected. 
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2.3  Results 

2.3.1  Participant characteristics 

The demographic profiles of the full sample, and of each age group, are presented 

in Table 2.1 along with the average use and dependence characteristics of each smoking 

group.  

 

Table 2.1 Demographic Profile, Means (Standard Deviations), of Smoker and Non-smoker 

Participants including a Breakdown of Demographic Characteristics by Age Group  

 All Participants Adolescents Young Adults  Older Adults  

 Smoker Non-S Smoker Non-S Smoker Non-S Smoker Non-S 

 n = 89 n = 142 n = 33 n = 83 n = 27 n = 30 n = 29 n = 29 

Female 50 76 18 34 17 22 15 20 

Male 39 66 15 49 10 8 14 9 

Age 

 

24.37 

(7.16) 

 

21.17 

(6.7) 

17.42 

(0.93) 

16.62 

(0.83) 

23.26 

(2.06) 

22.88 

(1.89) 

33.30 

(3.90) 

32.42 

(4.95) 

Smoking History        

Age Start 14.84  (2.62) 14.05    (1.95) 15.63  (2.59) 15.00  (3.11) 

Age Daily 15.79  (4.25) 13.58* (5.31) 17.54  (2.40) 16.91  (2.81) 

Yrs Smoking   9.53  (7.16)   3.37    (1.57)   7.63  (3.66) 18.30  (4.24) 

Years Daily   7.75  (7.08)   1.83    (1.21)   5.82  (3.62) 16.37  (4.46) 

Cig per Day   9.02  (6.21)   7.10    (5.14)   8.39  (6.23) 11.74  (6.51) 

FTND    2.18  (2.29)   2.12    (2.04)   2.04  (2.62)   2.41   (2.29) 

HONC 27.70  (7.42) 27.91   (9.50) 25.85 (7.54) 29.17  (5.18) 

Note. *Not all smokers are daily smokers but those that are started younger. 

 

As would be expected, the smoker groups differed significantly in terms of age, 

years smoking, and years as a daily smoker. No significant differences existed in terms of 

the age at which smokers started to smoke or current nicotine dependence (as measured by 

both FTND and HONC). Adolescent smokers consume significantly fewer cigarettes per 

day than older adult smokers (t(59) = 3.10, p < .01, two-tailed, d = .80), and they started 

smoking on a daily basis at a significantly younger age than smokers in the young adult 

(t(55) = 3.41, p < .01, two-tailed, d = .71) and older adult groups (t(59) = 2.99, p < .01, 

two-tailed, d = .38).  
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2.3.2  Explicit (SCQ) expectancy measurement 

This SCQ analysis relates to scores calculated for the 29 items common to the 

original and the age-specific variations of the SCQ scale, as described above. Internal 

consistency measures for the SCQ were high; total SCQ ( = .86), positive subscale ( = 

.94), and negative subscale ( = .80). The subscale scores, difference scores (mean 

positive minus mean negative endorsement), and reliability estimates for each smoking 

status group, are provided in Table 2.2, for all participants, and for each age group. All 

smokers gave higher ratings for positive expectancies than negative, while the reverse was 

found for non-smokers. 

 

Table 2.2 Mean (Standard Deviation) Positive and Negative SCQ Scores, SCQ Difference 

Scores, and Cronbach’s Alpha Reliability Estimates by Smoking Status and Age 

 Smokers  Non Smokers 

 n Mean (SD) α  n Mean (SD) α 

All Participants          

     Positive 89   3.93 (0.80) .86  141   2.80 (1.19) .95 

     Negative 89   4.09 (0.66) .72  141   4.68 (0.73) .77 

     Difference Score 89  -0.16 (0.93)   141  -1.88 (1.55)  

          

Adolescents          

     Positive 33   3.94 (0.85) .87  82   2.56 (1.06) .94 

     Negative 33   3.84 (0.76) .80  82   4.74 (0.75) .76 

     Difference Score 33   0.10 (0.94)   82  -2.19 (1.38)  

          

Young Adults          

     Positive 27   4.16 (0.71) .85  30   3.20 (1.24) .96 

     Negative 27   4.17 (0.56) .66  30   4.57 (0.72) .79 

     Difference Score 27  -0.01 (0.75)   30  -1.37 (1.69)  

          

Older Adults          

     Positive 29   3.71 (0.78) .87  29   3.08 (1.36) .96 

     Negative 29   4.30 (0.56) .58  29   4.63 (0.68) .79 

     Difference Score 29  -0.59 (0.95)   29  -1.55 (1.69)  

 

 

To determine if groups differed in the strength of endorsement of positive versus 

negative expectancies, an SCQ difference score (mean positive endorsement minus mean 

negative endorsement) was calculated and analysed using a 2 (smoking status) x 3 (age) 

ANOVA. A significant smoking status by age interaction was found, F(2,224) = 5.14, p 
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<.01, ŋp
2 

= .04. As illustrated in Figure 2.1, non-smokers were significantly more negative 

than smokers in each age group (adolescents: t(113) = 8.75, p < .001, two-tailed, d = 1.81; 

young adults: t(55) = 3.86, p < .001, two-tailed, d = 1.03; older adults: t(56) = 2.66, p < 

.05, two-tailed, d = .71). A large difference was found for adolescents and young adults, 

but the size of this difference decreased for older adults, even though it remained 

significant. Alternatively, a simple main effect of age (F(2,86) = 5.19, p <.01, ŋp
2 

= .11) for 

smoker suggests that as age increased, the difference score decreased; older adults were 

significantly more negative than both adolescents (t(60) = 2.87, p < .01, two-tailed, d = 

.74) and young adults (t(54) = 2.53, p < .05, two-tailed, d = .44). Whereas, a simple main 

effect of age (F(2,86) = 5.19, p <.01, ŋp
2 

= .11) within the non-smoking group 

demonstrated that adolescents were more negative than younger adults (t(110) = 2.61, p < 

.05, two-tailed, d = .56). No other significant interactions were found. 

 
 

Figure 2.1 Mean smoker and non-smoker SCQ difference scores by age. Error bars 

represent standard errors. 

2.3.3  Implicit (FA) expectancy measurement  

FA words generated by each group across the total FA time period, and broken 

down into first and second half periods, are provided in Table 2.3. It is evident that 

differences exist in the absolute numbers of words generated in each half of the task. To 
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Table 2.3 Mean (Standard Deviation) Group Positive and Negative Words Generated, and FA Difference Scores, for the Total, First and Second 

Halves of the FA Task 

 All Participants Adolescents Young Adults Older Adults 

 Smoker Non Smoker Smoker Non Smoker Smoker Non Smoker Smoker Non Smoker 

 n = 89 n = 142 n = 33 n = 83 n = 27 n = 30 n = 29 n = 29 

Total         

   Positive  5.91 (3.28)  2.02 (2.36)  6.09 (3.48)  1.51 (1.72)  6.59 (2.29)  3.27 (2.74)  5.07 (3.73)  2.21 (3.01) 

   Negative  6.88 (4.81)  9.49 (3.72)  5.39 (4.13)  8.96 (3.45)  7.33 (4.00) 10.33 (4.37)  8.14 (5.82) 10.14 (3.60) 

   Diff Scores -0.97 (6.20) -7.47 (4.30)  0.70 (5.88) -7.46 (4.09) -0.74 (4.74)  -7.07 (4.23) -3.07 (7.27)  -7.93 (5.00) 

         

First Half         

   Positive  4.19 (2.35)  1.19 (1.42)  4.36 (2.51)  1.06 (1.25)  4.52 (2.08)  1.63 (1.52)  3.69 (2.39)  1.10 (1.72) 

   Negative  3.91 (2.98)  6.65 (2.80)  3.18 (2.87)  6.40 (2.56)  3.85 (2.67)  7.17 (3.70)  4.79 (3.22)  6.83 (2.39) 

   Diff Scores  1.28 (4.26) -5.46 (3.27)  1.18 (4.48) -5.34 (3.09)  0.67 (3.76) -5.53 (3.94) -1.10 (4.23) -5.72 (3.10) 

         

Second Half         

   Positive  1.72 (1.73)  0.83 (1.47)  1.73 (1.81)  0.45 (0.86)  2.07 (1.51)  1.63 (1.99)    1.38 (1.8)  1.10 (1.86) 

   Negative  3.97 (2.67)  2.86 (1.91)  2.21 (2.12)  2.57 (1.91)  3.48 (2.36)  3.17 (1.68)  3.34 (3.33)  3.38 (2.04) 

   Diff Scores -1.35 (3.57) -2.20 (2.51) -0.59 (3.07) -2.41 (2.14) -1.46 (3.25) -1.53 (2.78) -1.97 (4.21) -2.36 (3.03) 
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ensure that frequency differences do not confound results, and to facilitate a more direct 

comparison with explicit SCQ expectancy measurement, difference scores (mean positive 

expectancies generated minus mean negative expectancies generated) were calculated for 

each half of the task, such that a positive score indicated a net positive evaluation of 

smoking. These difference scores were then analysed using a 2 (smoking status) x 3 (age) 

x 2 (time) mixed factorial ANOVA. A significant smoking status by time interaction was 

located, F(1,207) = 65.12, p < .001, ŋp
2 

= .24. As illustrated in Figure 2.2, smokers had a 

significantly higher difference score than non-smokers in both halves (T1: t(305) = 13.52, 

p < .001, two-tailed, d = 1.69; T2: t(264) = 2.30, p < .01, two-tailed, d = .30), and although 

significant differences between T1 and T2 scores were found for smokers (t(82) = 2.71, p 

< .01, two-tailed, d = .30) and non-smokers (t(182) = 12.78, p < .001, two-tailed, d = .95), 

the smokers’ score became more negative with time while non-smokers’ score became 

more positive, although it remained net negative overall. No other significant interactions 

were found. 

 

 
 

Figure 2.2. Smoker and non-smoker mean FA difference scores for each time period. Error 

bars represent standard errors. 

 

The time variable, which represents each half of the FA task, contributed to the 

above interaction and conclusions should therefore be drawn on the basis of this analysis. 
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However, the difference score for the full FA task was also analysed in order to facilitate a 

more direct comparison to the earlier explicit SCQ analysis. A 2 (smoking status) x 3 (age) 

factorial ANOVA found a main effect of smoking status, F(1,225) = 80.49, p < .001, ŋp
2 

= 

.26, and a main effect of age, F(1,225) = 3.22, p < .05, ŋp
2 

= .03. Smokers had a 

significantly higher FA total difference score than non-smokers (t(305) = 11.03, p < .001, 

two-tailed, d = 1.38), while adolescents had significantly higher difference scores than 

older adults (p < .05).  

2.3.4  Comparison of explicit and implicit measures 

Also of interest was a comparison between the balance of positive and negative 

expectancies measured explicitly using the SCQ, and those most immediately accessible to 

each group (as measured by T1 of the FA task). Adolescents were the only group with 

positive SCQ difference scores (see Figure 2.1), yet both adolescent and young adult 

smokers had net positive FA T1 difference scores (see Table 2.3). This disparity was 

investigated by directly comparing standardised (z-score) SCQ and FA T1 difference 

scores using a 2 (smoking status) x 3 (age) x 2 (measure) mixed factorial ANOVA. No 3-

way interaction was found, instead a significant smoking status by age interaction, 

F(2,224) = 4.86, p < .01, ŋp
2 

= .04, and a significant smoking status by measure interaction, 

F(1,224) = 5.28, p < .05, ŋp
2 

= .02 were found. In relation to the first interaction, a main 

effect of smoking status was found in each age group: adolescents, F(1,113) = 136.33, p < 

.001, ŋp
2 

= .55; young adults, F(1,55) = 42.60, p < .001, ŋp
2 

= .44; and older adults, F(1,56) 

= 24.02, p < .001, ŋp
2 

= .30. Adolescent smokers were also significantly more positive 

about smoking than older adult smokers (p < .05). No other differences were significant 

(see Figure 2.3).  

 



57 

 

 
 

Figure 2.3 Smoking status by age interaction found in the comparison of explicit and 

implicit measurement of smoking expectancies. Error bars represent standard errors. 

 

In relation to the second interaction, smokers gave significantly more positive 

evaluations of smoking in FA T1 than they did on the SCQ task (t(88) = 2.26, p < .05, two-

tailed, d = .24). Differences for non-smokers were not significant (see Figure 2.4).   

 

 
 

Figure 2.4 Smoking status differences found in the comparison of explicit and implicit 

measurement of smoking expectancies. Error bars represent standard errors. 

 

2.3.4.1  Prediction of current smoking behaviour.  Results from a series of 
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and odds ratios with 95% confidence intervals, for each of the predictors, are presented in 

Table 2.4. The SCQ model was the least successful in predicting current smoking status; 

67.4% of smokers and 78.7% of non-smokers were correctly predicted, giving an overall 

prediction success rate of 74.3%. The FA (T1) model was more successful, correctly 

predicting 71.9% of smokers and 90.1% of non-smokers for an overall success rate of 

83.1%, but the combined FA (T1) and SCQ model best predicted current smoking status. 

This model had an overall success rate of 86.5%, correctly predicting 80.9% of smokers 

and 90.1% of non-smokers. 

 

Table 2.4 Model-Fit Statistics Including Beta Values, Standard Errors, and Odds-ratios 

with 95% Confidence Intervals for the Factors Associated with Prediction of Current 

Smoking Status in Each Model 

    95% CI for Odds Ratio 

  (SE) 2
 (df) R

2
 Lower Odds Ratio Upper 

Model 1: FA (T1)  119.4*** (2) .55    

FA (T1) Difference  -.46 (.06)***   .56     .63 .71 

Age  -.10 (.03)***   .86   .91 .95 

Constant 1.48 (.61)*    4.38  

Model 2: SCQ  82.85*** (2) .41    

SCQ Difference -.97 (.14)***   .29   .38 .50 

Age -.06 (.02)*   .90   .94 .99 

Constant  .87 (.57)    2.39  

Model 3: FA (T1) and SCQ  147.74*** (3) .64    

FA (T1) Difference -.42 (.07)***   .58   .66 .75 

SCQ Difference -.77 (.17)***   .33   .46 .65 

Age -.09 (.03)**   .87   .92 .97 

Constant  .56 (.70)    1.75  

Note. Nagelkerke R
2
 values are reported. 

*p < .05, ** p < .01, *** p < .001. 

 

 

2.3.4.2  Relationship between expectancy measures.  As presented in Table 2.5, a 

number of significant medium-sized positive correlations were observed between the SCQ 

and the Total FA and FA Time 1 scores for smokers. For clarity, non-significant 

correlations have not been presented. No significant correlations were observed between 

the measures for non-smokers.  
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Table 2.5 Pearson Correlations between FA and SCQ Expectancy Scores for Smokers 

  Total FA Period  FA Time 1 

 Positive Negative Difference  Positive Negative Difference 

   SCQ Positive  .43***   .32**     .46***   .42*** 

   SCQ Negative    .37***     -.24*     .39***    -.24* 

   SCQ Difference   .32** -.37***   .46***  .35** -.48*** .53*** 

Note. *** p < .001, ** p < .01, * p < .05. 

 

 

Within the smoking group, the correlations between the FA and SCQ positive 

subscale are driven by adolescents (see Table 2.6). The correlations between the FA and 

SCQ negative subscale are driven by associations within the young and older adult groups, 

while the correlations between FA and SCQ difference scores are predominately driven by 

the adolescent smokers, with some contribution from older adult smokers with regard to 

the SCQ and FA T1 relationship. For clarity, non-significant correlations have not been 

presented. 

 

Table 2.6 Pearson Correlations between FA and SCQ Expectancy Scores for Smokers of 

Different Ages 

 Total FA Period  FA Time 1 

 Positive Negative Difference  Positive Negative Difference 

Adolescent        

   SCQ Positive .60*** -.37* .62***    .66***  -.43* .65*** 

   SCQ Negative        

   SCQ Difference .41*   -.48** .58***    .49**  -.55** .63*** 

        

Young Adult        

   SCQ Positive        

   SCQ Negative   .47*      .47*  

   SCQ Difference        

        

Older Adult        

   SCQ Positive        

   SCQ Negative        .49**  

   SCQ Difference       -.42*  

Note. *p < .05, ** p < .01, *** p < .001.  

 

 

2.3.4.3  Relationship with smoking behaviour.   With regard to smoking 

behaviour, a significant medium-sized negative correlation was found between FA T1 

negative words and the age daily smoking commenced in adolescents (r = -.41, p < .05). 

No other significant correlations were found between use and FA expectancies. A 
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significant positive association was found between the SCQ positive subscale and age 

daily smoking commenced in adolescents (r = .41, p < .05), while the association was 

negative in young adults (r = -.50, p < .05) and not significant in older adults. Instead, the 

SCQ positive subscale was significantly associated with cigarettes per week (r = .44, p < 

.05) in the older adult group. No other significant correlations were found. Associations 

between smoking expectancies and smoking (and non-smoking) intentions were also 

investigated. No associations were found between intent and FA expectancies for smokers, 

whereas significant negative correlations were found for older adult smokers between non-

smoking intentions and total FA positive words (r = -.49, p < .01) and FA T1 positive 

words (r = -.60, p < .01). Smaller significant positive correlations were found for 

adolescent and older adult non-smokers between non-smoking intentions and total FA 

negative words (r = .28, p < .05; r = .41, p < .05 respectively). In contrast, the SCQ 

positive scores are significantly correlated with smoking intent in young adult smokers (r 

= .53, p < .01). No other significant correlations were found. 

2.3.5  Nicotine dependence measurement 

2.3.5.1  Smoking Status Differentiation.  Mean FTND, FTND-adjusted, HONC, 

and HONC-Y/N scores were similar for each of the groups; see Table 2.7. 

 

Table 2.7 Mean (Standard Deviation) Dependence Scores and Cronbach’s Alpha 

Reliability Estimates for each Measure in each Age Group 

 

 

Adolescent 

(n = 33) 

 Young Adult 

(n = 27) 

 Older Adult 

(n = 29) 

 Mean (SD) α  Mean (SD) α  Mean (SD) α 

FTND 2.16 (2.07) .63  2.00 (2.62) .83  2.41 (2.29) .72 

FTND-Adj 1.91 (1.82) .55  1.59 (2.14) .77  1.69 (1.83) .66 

HONC 28.22 (9.48) .94  25.85 (7.54) .92  29.17 (5.18) .80 

HONC-Y/N 6.53 (3.18) .94  5.33 (3.04) .92  6.86 (6.86) .80 

 

 

In order to investigate the appropriateness of the four measures in each age group, a 

one-way ANOVA was run for each dependence score with age as the between groups 

variable. No significant effect of age was found for any of the measures, yet as depicted in 



61 

 

Figure 2.5, the difference between the FTND and FTND-adjusted scores would appear to 

be increasing with age. Given that young adults smoke more cigarettes than adolescents, 

but score lower on all measures, it would seem to indicate that it is unsafe to arbitrarily 

remove question four as suggested in the FTND-Adj scoring approach, and that further 

investigation of the impact of levels of cigarette use is warranted. 

 

  

 

Figure 2.5. Mean age group scores for both scoring methods on the FTND and on the 

HONC nicotine dependence scales. Error bars represent standard errors. 

 

 

Smoking participants had indicated whether they were weekly or daily smokers and 

although the numbers of weekly smokers were quite low, each measure was analysed to 

determine how successful it was at differentiating between smokers of different levels of 

experience. Table 2.8 presents the means and standard deviations for each dependence 

measure as a function of smoking status and age. A 2 (smoking status) x 3 (age) ANOVA 

was run for each measure. A main effect of smoking status was found for the FTND 

(F(1,82) = 20.98, p < .001, ŋp
2 

= .20) and the FTND-Adj scores (F(1,82) = 19.35, p < .001, 

ŋp
2 

= .19).  
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Table 2.8 Mean (Standard Deviation) Dependence Scores for Each Measure/Scoring 

Method Combination, by Smoking Status and Age.  

 Weekly  Daily 

 Adolescent 

(n = 7) 

YA 

(n = 10) 

OA 

(n = 5) 

 Adolescent 

(n = 25) 

YA 

(n = 17) 

OA 

(n = 24) 

FTND   0.71 (1.11)   0.10 (.32)   0.40 (.89)    2.56 (2.1)   3.12 (2.74)   2.83 (2.28) 

FTND-Adj   0.71 (1.11)   0       (0)   0.20 (.45)    2.24 (1.86)   2.53 (2.21)   2.00 (1.87) 

HONC 19.14 (10.92) 23.20 (8.47) 23.60 (7.23)  30.76 (7.45) 27.41 (6.72) 30.33 (3.93) 

HONC-Y/N   4.14 (3.58)   4.40 (3.63)   5.20 (2.8)    7.20 (2.78)   5.88 (2.6)   7.21 (1.44) 

 

Daily smokers scored higher on both although the FTND has a marginally larger 

effect size (see Figure 2.6). No other significant results were found.    

 

 

  

 

Figure 2.6. Mean FTND and FTND-Adj scores for weekly and daily smokers in each age 

group. Error bars represent standard errors. 

 

Similarly, A main effect of smoking status was found for the HONC (F(1,82) = 

17.98, p < .001, ŋp
2 

= .18) and the HONC-Y/N scores (F(1,91) = 10.81, p < .01, ŋp
2 

= .12). 

Daily smokers scored higher on both with a larger effect size found on the HONC (see 

Figure 2.7). No other significant results were found. 
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Figure 2.7. Mean HONC and HONC-Y/N scores for weekly and daily smokers in each age 

group. Error bars represent standard errors. 

 

Although no main effect of age was found in either ANOVA analysis, an 

interesting pattern of responding is evident for young adults. Post-hoc t-test analyses were 

carried out on the FTND and HONC scores to investigate this further. Significant 

differences were evident between daily and weekly smokers on the FTND for all age 

groups (adolescents: t(30) = 2.22, p < .05, two-tailed, d = .97; young adults: t(25) = 3.45, p 

< .01, two-tailed, d = 1.4; older adults: t(27) = 2.32, p < .05, two-tailed, d = 1.16) but, the 

only significant smoking status differences  on the HONC were found in the adolescent 

(t(30) = 3.29, p < .01, two-tailed, d = 1.43) and older adult (t(27) = 3, p < .01, two-tailed, d 

= 1.5) groups.  

2.3.5.2  Relationship between measures.  The FTND and HONC scores were 

found to be significantly positively correlated for all groups, but associations for young 

adults (r = .44, p < .05) were lower than for adolescents (r = .64, p < .001) and older adults 

(r = .55, p < .005). Strong positive associations were found between the FTND scores and 

cigarette use in all age groups (r = .75 to .81, p < .001), while HONC scores were most 

associated with reported ‘difficulty not smoking’. Strong positive associations were 

observed in the adolescent (r = .71, p < .001) and young adult (r = .73, p < .001) groups, 

with weaker associations evident for older adults (r = .46, p < .05). 

14

18

22

26

30

34

Adolescent Young Adult Older Adult

M
e

an
 H

O
N

C
 S

co
re

 

Age Group 

Weekly DailyHONC 

0

2

4

6

8

Adolescent Young Adult Older Adult

M
e

an
 H

O
N

C
-Y

/N
 S

co
re

 

Age Group 

Weekly Daily
HONC-Y/N 



64 

 

2.3.5.3  Relationship with smoking expectancies.  No significant correlations were 

found between nicotine dependence and FA expectancies, but FTND scores were 

significantly associated with the SCQ positive subscale in older adult smokers (r = .52, p < 

.01), and with SCQ difference scores (r = .65, p < .001) in the same group. Significant 

correlations were also found between HONC scores and the SCQ positive subscale in 

adolescent (r = .54, p < .01) and older adult (r = .71, p < .001) smokers, with the SCQ 

negative subscale in adolescent smokers (r = -.43, p < .05), and with SCQ difference 

scores in older adult smokers (r = .60, p < .01). No significant correlations were found for 

non-smokers. 

2.3.6  Thought suppression measurement 

2.3.6.1  Smoking status and age analysis.   Mean WBSI and TCQ subscale scores 

are presented in Table 2.9. 

  

Table 2.9 Mean (Standard Deviation) WBSI and TCQ Factor Scores, and Cronbach’s 

Alpha Reliability Estimates for Smokers and Non-smokers, and for Each Age Group. 

 WBSI TCQ 

  D W P S R 

 M 

(SD) 

α M 

(SD) 

α M 

(SD) 

α M 

(SD) 

α M 

(SD) 

α M 

(SD) 

α 

Smoker Status             

   Smoker 49.85 

(12.08) 

.91 14.55 

(2.96) 

.64 10.33 

(3.37) 

.80 10.13 

(2.93) 

.66 14.35 

(4.52) 

.86 15.35 

(3.41) 

.67 

   Non-smoker 49.20 

(11.31) 

.89 15.37 

(3.27) 

.68 10.26 

(3.28) 

.80 9.11 

(2.68) 

.68 14.38 

(4.04) 

.82 15.01 

(3.92) 

.75 

             

Age Group             

   Adolescent 50.05 

(11.79) 

.89 15.2 

(3.39) 

.66 10.93 

(3.60) 

.78 9.83 

(3.26) 

.71 13.85 

(4.21) 

.80 14.19 

(3.78) 

.68 

   Young Adult 51.88 

(9.43) 

.85 15.19 

(2.81) 

.66 9.84 

(2.71) 

.75 9.51 

(2.05) 

.53 14.58 

(4.41) 

.89 16.02 

(3.65) 

.78 

   Older Adult 45.88 

(12.43) 

.93 14.62 

(3.08) 

.72 9.43 

(2.99) 

.83 8.86 

(2.40) 

.67 15.19 

(3.96) 

.85 16.17 

(3.23) 

.71 

Note. D: Distraction, W: Worrying, P: Punishment, S: Social Coping, R: Reappraisal 

 

The WBSI scale was found to be consistently reliable. The TCQ-W and TCQ-S 

subscales had strong reliability across groups, while reliability of the TCQ-D, TCQ-R, and 

TCQ-P scales was generally acceptable. The one exception was the TCQ-P scale for young 
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adults which was mediocre ( = .53). A 2 (smoking status) x 3 (age) ANOVA was used to 

investigate between group differences in WBSI scores. A main effect of age was found, 

F(2,225) = 4.56, p < .05, ŋp
2 

= .04, but there was no main effect of smoking status, and no 

significant interaction. Post hoc analysis with Bonferroni corrections revealed significantly 

higher suppression scores for young adults, in comparison to older adults, t(113) = 2.91, p 

< .05, two-tailed, d = .55. No other significant differences were found.  

TCQ subscale scores were analysed using a 2 (smoking status) x 3 (age) 

MANOVA. Using Pillai’s trace, there was a significant main effect of age, V = 3.24, p < 

.001, ŋp
2 

= .07. No other significant results were found. Separate univariate ANOVAs on 

the TCQ subscales confirmed a significant main effect of age for the TCQ-W (F(2,224) = 

5.68, p < .01, ŋp
2 

= .05), TCQ-P (F(2,224) = 5.61, p < .01, ŋp
2 

= .05), and TCQ-R (F(2,224) 

= 6.79, p < .01, ŋp
2 

= .06), however, the result for TCQ-P is qualified by a main effect of 

smoking status (F(1,224) = 6.33, p < .05, ŋp
2 

= .03) and a significant smoking status by age 

interaction, F(2,224) = 4.18, p < .05, ŋp
2 

= .04 (see Figure 2.8).  

 

 
 

Figure 2.8. Mean TCQ-P scores for smokers and non-smokers in each age group. Error 

bars represent standard errors. 

 

Post hoc analysis with Bonferroni corrections were carried out to reveal the source 

of the interaction. There were no significant differences between smokers and non-
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smokers in either adult group, but TCQ-P scores for adolescent smokers were significantly 

higher than for adolescent non-smokers, t(113) = 3.77, p < .001, two-tailed, d = .78.  

2.3.6.2  Relationship between measures.  As illustrated in Table 2.10, the WBSI 

was most strongly correlated with the TCQ-P scale in both smokers and non-smokers. 

Strong correlations were also seen between WBSI and TCQ-W for smokers, with weaker 

correlations for non-smokers. The WBSI was negatively correlated with the TCQ-S scale, 

but only weakly so. Little association was found between the WBSI and either the TCQ-D 

or the TCQ-R scales. For clarity, non-significant correlations are not presented. 

Table 2.10 Pearson Correlations between WBSI and TCQ Suppression Scales by Smoking 

Status and Age within Smoking Status 

WBSI TCQ Total TCQ-D TCQ-W TCQ-P TCQ-S TCQ-R 

Smoker  .28**  .48*** .52*** -.26*  

   Adolescent  .35*  .61*** .51** -.38*  

   Young Adult       

   Older Adult   .53** .68***   

       

Non-smoker   .34*** .51*** -.26**  

   Adolescent   .32** .52***   

   Young Adult   .42*  -.47**  

   Older Adult   .44* .40* .62*** -.39*  

Note. D: Distraction, W: Worrying, P: Punishment, S: Social Coping, R: Reappraisal 

*p < .05, ** p < .01, *** p < .001. 

 

2.3.6.3  Relationship with smoking expectancies.  WBSI scores were significantly 

correlated with FA T1 positive words generated in adolescent smokers (r = .33, p < .01). It 

was also significantly correlated to both SCQ positive scores (r = .41, p < .001) and SCQ 

negative scores (r = .26, p < .05) in the full smoking group. The association with the SCQ 

positive subscale is driven by the older adult group (r = .45, p < .05), whereas the 

association for the SCQ negative subscale is driven by the adolescent (r = .55, p < .01) and 

older adult (r = .38, p < .05) smokers. No clear pattern of associations was found between 

smoking expectancies and TCQ measures of suppression. TCQ-D scores were significantly 

correlated with total FA difference scores in young adult smokers (r = .53, p < .01). TCQ-

W scores were associated with FA T1 positive words generated by young adult non-
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smokers (r = .51, p < .01). TCQ-W scores were also both positively associated with 

adolescent smoker SCQ negative scores (r = .43, p < .05). The only significant correlations 

found for TCQ-P scores were in the older adult smoking group with total FA negative 

words generated (r = .50, p < .01), FA T1 negative words generated (r = .46, p < .05), and 

with SCQ negative scores (r = .46, p < .05). Finally, TCQ-S scores were negatively 

correlated with both SCQ positive scores (r = -.62, p < .001) and SCQ difference scores (r 

= -.61, p < .001) in the older adult smoking group. No other significant correlations were 

found. 

2.4  Discussion 

2.4.1  Smoking expectancies 

The main aim of this study was to assess the accessibility and availability of 

smoking expectancies using a combination of implicit and explicit measures with smokers 

and non-smokers of diverse ages. This element of the study was designed to address three 

questions. First, if the relative strength of positive and negative expectancies explicitly 

endorsed on an SCQ scale would differ by smoking status and age. As expected, smokers 

of all ages gave more positive explicit evaluations of smoking than non-smokers. 

Adolescent smokers were most positive about smoking giving a net-positive evaluation 

overall, albeit only marginally so. Results only partially supported the hypothesis that 

explicit evaluations of smoking become more negative with age. Older adults were most 

negative on the explicit SCQ measure, and although young adults gave a marginal net-

negative evaluation, it did not differ significantly from that given by adolescents. The 

second question examined smoking-status and age-related differences in the relative 

strength of positive and negative expectancies generated in a FA task. As hypothesised, 

smokers of all ages were more positive about smoking than non-smokers, although only 

adolescent smokers were net positive overall. Smokers were also most positive about 

smoking in the first half of the FA task, with both adolescents and younger adults giving 
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net positive evaluations in this time period. These results support the hypothesis that a 

positive evaluation of smoking, when measured implicitly, declines with age.  

Thirdly, the study compared the size of the difference in the relative balance of 

positive and negative evaluations of smoking across the two measures, and investigated 

which would be most associated with current smoking behaviour. As expected, the size of 

the difference was more pronounced when expectancies were measured using an implicit 

task, in this case the first part of the FA task. In addition, the first half FA difference was 

more successful in predicting the self-reported current smoking status of an individual than 

the SCQ difference score alone, although the combination of the two measures was shown 

to provide the most successful model. This suggests that each measurement approach is 

capable of explaining a unique portion of the smoking status variance. The results of this 

study therefore address a number of interesting questions about the smoking expectancies 

held by different age groups, the value of both implicit and explicit measurement, and the 

importance of analysing within-group differences in the relative balance of positive and 

negative expectancies. 

Previous research has looked at measuring smoking-related expectancies using 

explicit (Lewis-Esquerre, et al., 2005; Rash & Copeland, 2008) or implicit (C. B. 

Anderson, et al., 2002; Leung & McCusker, 1999) approaches and in both cases has 

consistently found a positive memory bias for smoking-related information in smokers. 

While explicit measurement successfully identified the positive memory bias for smoking-

related information in smokers in this study, the implicit FA task incorporated an element 

of time which allowed it to distinguish between associations most highly accessible and 

those merely available. In both time periods, non-smokers produced more negative than 

positive expectancies, yet smokers produced similar numbers of positive and negative 

outcomes, and proportionally more of their positive associations, in the first half of the FA 

task. Accepting that the FA task measures the strength of memory associations (Baddeley, 
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1990), it would seem that, in absolute terms, positive and negative smoking-related 

associations are equally available to smokers which challenges the view that negative 

implicit associations are weaker and therefore less accessible (O'Connor, et al., 2007).  

More notable is that although smokers were significantly more positive than non-

smokers in both FA periods, the size of the disparity between smoker and non-smoker FA 

difference scores was much larger in the first half, than in the second half of the task. This 

suggests not only that smokers have a positive memory bias for smoking-related 

associations, but most importantly that this is a relative measure and that it is the size of 

the difference between positive and negative evaluations of smoking that is most 

important. The more the relative strength tends towards a positive overall evaluation of 

smoking, and the more automatically these positive associations are triggered, the more 

they are likely to influence smoking-related decisions and subsequent behaviour (Palfai, 

2002), and the more resistant they will become to change (Tiffany, 1990). For example, 

decisions such as quitting smoking may be driven by the non-automatic, deliberate, and in 

the case of older adults, larger and more cohesive negative smoking-related schema. 

Conversely, momentary smoking-related decisions, such as trying cigarettes or relapsing, 

will be driven by the automatically accessible positive smoking associations. 

Despite this positivity bias, Leung and McCusker (1999) found that adult smokers 

(mean age = 22) gave an overall negative evaluation of smoking. This claim is only 

partially supported by our results.  In terms of the difference between positive and negative 

evaluations, older adults were more negative than both younger age groups, but a novel 

finding here was that adolescents and younger adults were net positive about smoking in 

the first half of the FA task. This suggests that the positive consequences of smoking are 

most strongly linked in the memory of young smokers, and hence more automatically 

accessible to them. It seems unlikely that novice smokers only experience the positive 

consequences of smoking. Previous research confirms that negative outcomes are 
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encountered by early smokers (Brady, et al., 2008) but it is likely that these are less salient 

to them than the positive outcomes, so they are less readily encoded in, and retrieved from, 

memory. This supports a similar argument made by Leigh and Stacy (2004) who propose 

that many of the negative outcomes associated with a behaviour become more salient with 

age.  These negative outcomes start to be retrieved more frequently, become more tightly 

linked in memory and as a result, more highly accessible. It remains unclear whether it is 

age or experience alone, or some combination of the two, which drives this change. For 

example, the relationship between expectancies and use in adolescents highlights the fact 

that negative expectancies are less accessible for those who commence smoking at an early 

age, but in adults, the strongest relationship is between expectancies and cigarettes smoked 

per day, whereby negative expectancies are less accessible to those who smoke more. It 

would be important in future research to compare the relative strength of positive and 

negative smoking expectancies in smokers with differing levels of use and dependency, 

regardless of age. If it were possible to identify the key factors underlying the shift in 

expectancies with age and experience, these elements could be incorporated into age-

appropriate anti-smoking prevention and treatment programmes. 

It is also interesting that no significant effect of age was found in the analyses of 

FA smoking outcomes but that it was evident when expectancies were measured explicitly. 

Research that relies on explicit measures alone could conclude that adolescent smoking 

expectancies are qualitatively different to those of adults, whereas in fact, implicit findings 

suggest that smokers of all ages have similar numbers of accessible positive smoking 

expectancies. The implication is that the age-related differences seen in the explicit results 

could be an artefact of the way smoking consequences have been measured. A number of 

the SCQ items contain social facts, such as “Smoking causes cancer” (McCusker, 2001) 

which many participants readily endorse without it having a personal relevance, but which 

are less likely to be as salient for younger, in comparison to older, individuals. Adults may 
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also be more susceptible to socially desirable responding than adolescents (Welte & 

Russell, 1993) which leads them to endorse more socially accepted negative smoking 

consequences, rather than expressing personally held beliefs.  

These results have implications for the measurement and the clinical relevance of 

smoking expectancies. Implicit and explicit measurement may assess different aspects of 

smoking outcomes and it would be important to establish if each predicts similar or unique 

aspects of smoking behaviour. Using implicit measures to explore the differences in the 

relative strength of positive and negative expectancies in different age groups with diverse 

smoking histories might explain why many but not all adolescents experiment with 

smoking, why use escalates to problematic levels in some but not in others, and who is 

most at risk for relapse. Clinical diagnosis based solely on explicit measures may not 

account for the more automatic smoking associations held by individuals. Prevention and 

treatment programmes also need to acknowledge that positive smoking outcomes do occur. 

To date adolescent prevention programmes have only been moderately successful (Hine, 

Summers, Tilleczek, & Lewko, 1997) and they may need to be changed to focus both on 

enhancing the accessibility of negative smoking outcomes, while at the same time, 

consider alternate ways for the individual to meet the positive expectations they have of 

smoking.  

Some methodological limitations should be taken into account in the interpretation 

of these results. Smokers’ dependence scores were quite low which may limit the 

generalisability of these results to more heavily dependent groups. Despite these low 

levels, both measures were capable of differentiating between smokers and non-smokers, 

and produced results comparable to studies with more dependent populations (Copeland, et 

al., 1995). It may be that dependence influences the rate at which expectancies become 

more negative with age which needs further investigation. The effect sizes associated with 

some of the significant interactions were quite small which may be attributed to group size. 
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While no gender differences were found in this study, it is possible that they exist in 

different age groups and are being masked by the fact that an analysis involving smoking 

stage, age and gender would have been underpowered. A larger gender-balanced sample 

would facilitate such an analysis. 

In order to assess the relative strength of positive and negative outcomes generated 

within each of their experimental groups, Leung and McCusker (1999) analysed 

proportions of positive/negative words generated in each half of the FA task. For this 

method to be successful, it is necessary that each participant generates at least one word of 

each valence. No negative smoking-related expectancies were generated by some smokers 

in this study, and several non-smokers failed to list any positive smoking associations. 

Data analysis was therefore based on the relative difference between positive and negative 

words generated in each half. It could be argued that it is not possible to carry out a direct 

comparison between both sets of results, yet both measures index the relative accessibility 

of positive, in comparison to negative, smoking-related associations and should therefore 

be capable of explaining the same underlying processes.  

Finally, in order to investigate age-related expectancy differences, an explicit 

measure was required that contained valid smoking outcomes for different age groups. 

This necessitated the use of a cut-down version of the original SCQ (Brandon & Baker, 

1991) as no other measure had been validated across a range of smokers and non-smokers 

of different ages. Reliability values were high, yet it would have been preferable to use a 

broader measure that addressed the concerns raised by previous researchers (Lewis-

Esquerre, et al., 2005; Wahl, et al., 2005). Many scales are being developed for 

increasingly narrower populations, but it is important to ensure that measures exist that can 

be used with more heterogeneous populations. The creation of a revised version of the 

SCQ scale, for use with participants of diverse age and smoking status, will be addressed 

in Chapter 4.  
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2.4.2  Nicotine dependence 

An attendant objective in this study was to determine whether the FTND or the 

HONC provided a better measure of nicotine dependence among a diverse group of 

smokers, and if common scoring adjustments made to both measures are necessary in 

order for the measurement to be successful. Results indicate that both the FTND and the 

HONC, without the need for adjusted scoring, can be used to measure nicotine dependence 

among diverse smoking groups as each was capable of differentiating daily and weekly 

smokers of all ages. Yet, only medium strength correlations were found between the two 

measures, and the FTND was found to be most closely associated with cigarette use while 

the HONC was most closely associated with difficulty not smoking, supporting the 

concern that each scale may be measuring a different underlying aspects of dependence 

(Kleinjan, et al., 2007). 

Results might have been expected to show a decline in correlation strength with 

age if the HONC is best suited to adolescents (DiFranza, et al., 2000). Although the 

strongest correlations are found for adolescents, medium strength correlations were seen 

for older adults, and the weakest correlations for young adults. The unexpected responding 

of the young adult group is interesting, given the number of studies that rely on 

participants from this age group. The HONC was not as successful as the FTND in 

differentiating by smoker status in this group, although caution is required in interpreting 

this result given the low number of weekly smokers in this age group. As this research was 

part of a larger study, participants were not specifically recruited for their daily versus 

weekly smoking status. Consequently, it would be prudent to replicate these results in a 

larger sample and to include a biochemical validation of self-reported smoking status. 

Given that there were very few heavy adult smokers in the sample, it is also not possible to 

comment on the suitability of the HONC for this population; high nicotine dependence 

would equate to FTND scores of six or higher (Heatherton, et al., 1991).  
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In light of the significant volume of research findings based the use of the FTND, 

and the confirmation that it is a successful measure of nicotine dependence in adolescents, 

and in lighter, or novice, smokers, it is therefore suggested that the FTND is the 

appropriate measure to use in cross-age studies among diverse smoking populations.  If 

nicotine dependence is a core research construct, it may be appropriate for more than one 

measure to be used.  

2.4.3  Thought suppression 

Finally, this study sought to determine if either the WBSI or the TCQ scales would 

provide a useful index of naturally occurring thought suppression. Results suggest that 

neither was entirely successful in this case. The strongest inter-measure relationships were 

found between the WBSI and the TCQ-P scale across all participants and between the 

WBSI and the TCQ-W scale in smokers. Few clear associations were found between 

smoking expectancies and either suppression measure, although older adult smokers who 

scored highly on the social coping TCQ scale gave lower scores for positive smoking 

expectancies on the SCQ scale, while those who scored higher on the punishment TCQ 

scale gave higher scores for the negative expectancies on both measures. Positive 

evaluations of smoking on the FA task were associated with higher scores on the 

distraction TCQ scale in young adult smokers, but with higher scores on the worry TCQ 

scale in non-smokers of the same age. 

It is likely that each measure is indexing a more ‘ironic’ suppression process 

(Wegner, 1994) and that alternate approaches to measuring naturally occurring thought 

suppression will be required. Such a measure would also need to be able to differentiate 

between different forms of unwanted thoughts and distinguish more effectively between 

worries and unwanted negative behaviour-related intrusions. There is also a need to 

evaluate the extent to which people actively use a ‘strategy’ to suppress unwanted negative 

behavioural-related thoughts, and to consider the possibility that people do not use any 
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strategy at all, or at least not one that they can introspectively report. It could be expected 

that these strategies would be thoughtful, goal-directed, and requiring cognitive effort, so 

they should be capable of being frustrated under conditions with increased cognitive load 

(Wegner & Erber, 1992). Chapter 3 will examine the relationship between these two 

suppression measures and a lexical decision task, a modified-Stroop task, and a visual dot-

probe task.   

2.5  Conclusion 

The current findings indicate that although smokers endorse a range of negative 

smoking expectancies using an explicit measure, they self-generate less negative 

associations across the full FA time period, and more positive associations earlier in the 

task. This emphasises the importance of assessing the relative strength of positive and 

negative smoking outcomes alongside the typical between-group analysis carried out in 

most studies. A difference was also seen in the impact of age when smoking expectancies 

were measured explicitly and implicitly, and the combination of the two measures, in 

conjunction with participant age, was most successful at predicting self-reported current 

smoking status. Taken together, these findings demonstrate that implicit assessment of 

smoking-related expectancies reveals not only available information in memory, but also 

that which is most accessible and most likely to directly influence behaviour, providing a 

more direct and ecologically sound measure than traditional questionnaires. Furthermore, 

it is evident that smoking-related associations in memory change with both age and 

experience, yet it is not known exactly how this shift in expectancies occurs.  
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Chapter 3: Memory and Attentional Biases for Positive and Negative Smoking-

related Stimuli (Study 2) 

3.1  Introduction 

As discussed in Chapter 1, cognitive (Collins & Loftus, 1975; Shiffrin & 

Schneider, 1977; Tiffany, 1990), socio-cognitive (Rather & Goldman, 1994), and 

incentive-sensitisation (Robinson & Berridge, 1993, 2001, 2003) models argue that 

addictive behaviour is maintained by a combination of automatic and non-automatic 

processes. Highly practised social behaviours have been shown to move from intentional 

to non-intentional control (Bargh & Chartrand, 1999), leading to situations where drug-

related behavioural sequences are automatically triggered by drug-related stimuli. The 

findings from Study 1 have demonstrated that implicit assessment of smoking-related 

expectancies reveals not only available smoking-related information in memory, but also 

content which is more accessible and therefore most likely to automatically influence 

behaviour. Specifically, a memory bias for positive smoking-related information was seen 

in smokers, and it was found to be greatest in younger smokers. However, smoking 

expectancy studies have not as yet revealed whether this positivity bias reflects the hyper-

accessibility of positive smoking-related information in memory, or the automatic 

suppression of negative smoking-related associations. This chapter presents the findings 

from Study 2: an implicit assessment of associative memory strength for positive and 

negative smoking-related words using a lexical decision task, and an examination of 

attentional bias to positive and negative smoking-related imagery using modified-Stroop 

and visual dot-probe tasks.  

3.1.1  Memory accessibility of smoking-related words 

Word association tasks are widely used measures of associative memory strength in 

implicit cognitive research (Stacy, Ames, Grenard, & Wiers, 2006). These paradigms aim 

to reveal cognitive processes that occur automatically and therefore without the need for 
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conscious deliberation, and spreading activation memory models (Collins & Loftus, 1975; 

Litz, et al., 1987) are typically used to explain their findings. For example, brief exposure 

to information related to the positive expected outcomes of drinking resulted in alcohol-

related words being faster identified as real words, relative to neutral letter strings 

(Weingardt, Stacy, & Leigh, 1996). The increase in speed of response as a result of the 

semantically related prime was considered to be a measure of the spreading activation of 

alcohol-related concepts in memory. Evidence from fear appeal studies demonstrated that 

cognitions directly related to a threat – for example, negative outcomes associated with the 

behaviour – are suppressed in memory when an individual processes a low-efficacy fear 

appeal (Nielsen & Shapiro, 2009). Witte (1992) suggests that this suppression occurs as 

the individual attempts to reduce anxiety felt in the face of a behaviour that they feel is 

unavoidable; that is, they feel low levels of perceived behavioural control regarding the 

risky behaviour. 

3.1.1.1  Lexical Decision Task (LDT).  Within the family of word association 

tasks, the lexical decision task (LDT) is a commonly used measure of semantic memory 

structure and memory association strength. Participants are presented with a mixture of 

word and non-word letter strings. They are then asked to quickly, but accurately, decide 

whether each string represents a real word or a non-word, and to respond by pressing a 

button. LDT scores reflect the difference in time taken to make the word/non-word 

decision in an experimental category relative to a neutral or control category. Slower 

response times to experimental words would be assessed as suppression and faster 

response times as hyper-accessibility (Meyer & Schvaneveldt, 1971). In many LDT, the 

word or non-word letter string is preceded by a prime. The time taken to make the lexical 

decision is usually shorter when the word is preceded by a semantically related prime (e.g., 

smoke – smell) than when it is preceded by an unrelated prime (e.g., house – smell) 

(Neely, 1991).     
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Most addiction research using the LDT has been carried out in alcohol studies. Hill 

and Paynter (1992) found that alcohol-dependent individuals were faster at responding to 

alcohol words following an alcohol prime, relative to a neutral prime, in comparison to 

non-dependent drinkers; no differences were found in this study between non-dependent 

heavy and light drinkers. The LDT has successfully distinguished between problem 

drinkers with varying levels of psychiatric distress (Zack, Toneatto, & MacLeod, 1999), 

and between craving and withdrawal in early abstinence from alcohol, relative to longer 

periods of abstinence (Feldtkeller, Weinstein, Cox, & Nutt, 2001). The task has also been 

used to investigate the speed of lexical decisions in respect of aggressive words, following 

alcohol relative to neutral primes; significantly faster lexical decisions were made by 

individuals who strongly associated alcohol with aggression (Bartholow & Heinz, 2006). 

Although little specific smoking research has been carried out, Jarvik, Gross, Rosenblatt, 

and Stein (1995) demonstrated that abstinent smokers showed enhanced lexical access for 

smoking-related words, in comparison to neutral words, relative to non-abstinent smokers.  

Recent research has begun to investigate the influence of emotional motivations on 

addictive behaviour. Austin and Smith (2008) determined that drinking following social 

conflict was associated with increased anxiety-alcohol priming, which suggests that 

alcohol-related concepts such as negative reinforcement expectancies can be automatically 

triggered by context. Furthermore, memory associations between negative emotional 

words and alcohol words were also found to predict alcohol use in women (Campos-

Melady & Smith, 2012). The importance of word affect is debated in the literature. While 

some researchers argue that negative words result in slower lexical decisions than positive 

words (Wentura, Rothermund, & Bak, 2000), this effect was only found for a small subset 

of negative words in a large-scale analysis of stimuli typically used in emotional-Stroop 

studies (Larsen, Mercer, & Balota, 2006). Estes and Adelman (2008) also illustrated that as 

words increased in negativity, along a scale from highly positive to highly negative, there 
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was a decrease in the size of the slowdown for the middle portion of that scale. Essentially, 

a U-shaped quadratic relationship was found. This could be likened to the inverted-U 

shaped relationship seen between levels of fear and attitude change (Zajonc, Crandall, Kail 

Jr, & Swap, 1974). In this case, individuals are not motivated to attend to messages that 

contain very low levels of fear, and at very levels of fear they become anxious and 

distracted from the message content. The top of the arc represents moderate levels of fear 

which lead to increased arousal, interest, and attention. If differences do exist in lexical 

responses to positive and negative words, it would be interesting to discover whether these 

differences are the result of valence alone, which may confound results in LDT tasks that 

use mixed positive and negative word categories, or whether the influence of valence itself 

differs between general words and those related to a specific behaviour; for example, those 

representing either positive or negative aspects of smoking. 

3.1.2  Attentional bias to smoking-related cues 

As described in Chapter 1 (see section 1.5.2), attentional biases to addiction-related 

stimuli seem especially problematic for drug users and for individuals trying to abstain 

(Waters & Feyerabend, 2000), and a significant body of work supports the existence of a 

smoking-related attentional bias (Waters & Sayette, 2006). Attentional bias can arise as a 

result of the initial orienting of attention towards a smoking-related cue, or it can represent 

the difficulty an individual may have disengaging with the cue once it has been attended 

to. The modified-Stroop task and the visual dot-probe task are commonly used to measure 

attentional bias to smoking-related cues. Whereas the former measures the level of 

attentional interference caused by the smoking-related cues, the latter measures the 

allocation and maintenance of visual attention to these cues. 

3.1.2.1  Modified-Stroop Task.  Modified-Stroop tasks have become the most 

widely used mechanism for assessing selective attention (MacLeod, 1991; J. M. G. 

Williams, Mathews, & MacLeod, 1996). They require an individual to identify the colour 
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of a word, or of a border surrounding an image, while ignoring the semantic content of the 

stimulus itself. Each task uses words and/or images belonging to a neutral category and to 

one or more experimental categories. Attentional bias is measured as the degree of 

interference found in the colour-naming of an experimental stimulus when compared to 

that of a neutral stimulus. The resulting time difference is referred to as the modified-

Stroop effect. Similar response patterns have been detected for threat-, hobby- and self-

related words (J. M. G. Williams, et al., 1996), suggesting that the modified-Stroop effect 

indexes the level of activation of an individual’s current concerns. MacLeod (1991) argued 

that environmental input related to current concerns would be more practised than less 

pertinent information. Therefore, even though an individual might have tried not to attend 

to a particular stimulus, information nevertheless flowed along an automatic pathway 

triggering automatic response patterns, which in turn interfered with the less practised 

colour-naming of the word or image border.  

This sensitivity to, and fixation with, salient stimuli is present in addiction (W. M. 

Cox, Fadardi, & Pothos, 2006), and modified-Stroop effects have been seen across many 

addiction types, including alcohol (W. M. Cox, et al., 2002), nicotine (Gross, et al., 1993), 

and opiates (Franken, Kroon, Wiers, et al., 2000). They have been said to provide an 

objective index of an individual’s desire to use drugs (Franken, Kroon, Wiers, et al., 2000) 

and they are accompanied by expected physiological reactions such as increased heart rate 

and skin conductance (W. M. Cox, Fadardi, & Pothos, 2006). They have also successfully 

distinguished abusers from non-abusers (Waters & Feyerabend, 2000) and predicted an 

increased potential for relapse (Waters, Shiffman, Sayette, et al., 2003). Previous smoking-

related research has found modified-Stroop effects for smoking-related information, in 

comparison to neutral, in adult (Mogg & Bradley, 2002; Munafo, et al., 2003; Waters & 

Feyerabend, 2000; Wertz & Sayette, 2001) and in adolescent smokers (Zack, et al., 2001), 

although not all studies have successfully replicated this bias (Johnsen, et al., 1997).  
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Inconsistent results have also been found regarding the ability of modified-Stroop 

tasks to differentiate between smokers and non-smokers. Many Stroop smoking studies fail 

to include a non-smoking control group (Drobes, et al., 2006; Gross, et al., 1993; Mogg & 

Bradley, 2002; Waters, et al., 2009; Waters & Feyerabend, 2000; Waters, Shiffman, 

Bradley, et al., 2003; Wertz & Sayette, 2001; Zack, et al., 2001), so they are unable to 

demonstrate that attentional bias effects are specifically attributable to smoking status. 

Some studies that have included smokers and non-smoking controls have found evidence 

of a modified-Stroop effect in both groups (Domier et al., 2007; Johnsen, et al., 1997), 

while others have found no evidence of a smoking-related attentional bias in either (Fehr, 

Wiedenmann, & Herrmann, 2006; Waters & Li, 2008). Only the study by Munafo and 

colleagues (2003) successfully differentiated between smokers and non-smokers, 

illustrating that smokers alone were slower to colour-name smoking words in comparison 

to control words.  

3.1.2.2  Visual dot-probe tasks.  An alternate measure of attentional bias is 

provided by the visual dot-probe task (Posner, 1980), and this focuses on the allocation 

and maintenance of visual attention to experimental cues. Participants are simultaneously 

shown two images on screen, one experimental and the other a control. After a brief 

interval these images disappear and a probe is displayed either where the experimental or 

where the control image previously appeared. Participants respond to the location of the 

probe and attentional bias is measured as a faster response time to a probe that replaces an 

experimental image, relative to one that replaces a control image. Addiction research has 

demonstrated that drug users were faster to detect a probe replacing a drug-specific image 

relative to one replacing a neutral image (M. Field, Mogg, & Bradley, 2004; M. Field, et 

al., 2006; M. Field, Mogg, Zetteler, et al., 2004; Mogg, et al., 2003; Waters, Shiffman, 

Bradley, et al., 2003). In smoking studies, this bias has successfully differentiated between 

smokers and non-smokers (Bradley, et al., 2003; Hogarth, Mogg, et al., 2003). 
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Visual dot-probe tasks also facilitate the investigation of the effect of drug-related 

cues on two different aspects of attention: initial orientating and maintenance (Bradley, 

Field, Mogg, & Houwer, 2004). This is achieved by varying the duration of the image 

display prior to presenting the probe. If attentional bias is driven by initial orientation of 

attention, it should be evident following brief image presentations (100-200ms), whereas 

attentional bias to cues presented for a longer duration (2000ms) is more likely to be the 

result of a slow disengagement of attention. A bias in initial orientation of attention to drug 

cues was found for users of cocaine (Franken, Kroon, & Hendriks, 2000) and alcohol 

(Stormark, Field, Hugdahl, & Horowitz, 1997), although this bias was not capable of 

differentiating between heavy and light drinkers (M. Field, Mogg, Zetteler, et al., 2004). In 

contrast, a smoking study found an attentional bias to smoking-related cues in smokers, 

but not in non-smokers, and this bias was found for both brief (200ms) and longer 

(2000ms) stimulus presentation durations (Bradley, et al., 2004). Extension of the visual 

dot-probe task to include eye-movement tracking has also demonstrated that in addition to 

a bias in initial orienting to a smoking-related image, smokers also tended to gaze at 

smoking-related imagery for longer periods of time (M. Field, Mogg, Zetteler, et al., 2004; 

Mogg, et al., 2003). However, the most consistent attentional bias effects have been found 

at the longer stimulus presentation durations in smokers (Bradley, et al., 2003; M. Field, 

Mogg, & Bradley, 2004; Mogg, et al., 2003) and in alcohol users (M. Field, Mogg, 

Zetteler, et al., 2004). 

3.1.2.3  Valence of smoking-related images.  It has been suggested that 

inconsistent attentional bias findings in smokers and non-smokers could be the result of 

differential responding to the affective characteristics of the smoking images, rather than 

solely to their smoking properties (Carter et al., 2006; W. M. Cox, Fadardi, & Pothos, 

2006). It has been observed that smokers rate the affective characteristics of smoking-

related images more positively than never- and ex-smokers (van Hanswijck de Jonge & 
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Gormley, 2005). A positive memory bias for smoking expectancies in smokers (Leung & 

McCusker, 1999) might also suggest that their attention is biased towards the positive 

aspects of smoking-related stimuli, or it may indicate the existence of an automatic process 

that suppresses negative smoking-related information. In contrast, non-smokers were 

found to hold very negative attitudes towards smoking. These are likely to be reinforced by 

public health policies, smoking bans, and ongoing exposure to negative smoking-related 

information in the media. It is possible that these negative aspects of smoking represent a 

current concern for non-smokers, which may lead to an associated attentional bias for 

negative smoking-related information in this group (W. M. Cox, Fadardi, Klinger, Wiers, 

& Stacy, 2006). Conversely, their attention may be captured by seemingly incongruent 

positive depictions of smoking.  

The influence of the affective properties of drug-related cues was initially 

investigated in alcohol studies, and results were mixed. One study found similar levels of 

attentional bias in both an alcohol-dependent and a control group, and each demonstrated 

greater levels of bias for alcohol-related, in comparison to positive and negative general 

words (Bauer & Cox, 1998). However, a similar study found no evidence of an attentional 

bias for alcohol-related relative to negative emotional words in an alcohol-dependent 

group (Stormark, Laberg, Nordby, & Hugdahl, 2000). A subsequent Stroop smoking study 

found no differences in Stroop effects in recent smokers and non-smokers for positive and 

negative emotional words, relative to neutral words, but they did find that abstinent 

smokers showed less interference for emotional words than those who had just smoked 

(Powell, et al., 2002). Bradley, Field, Healy, and Mogg (2008) also investigated the 

differences in attentional bias to positive and negative portrayals of smoking using both 

short (200ms) and long (2000ms) stimulus presentation durations in a visual dot-probe 

study. Greater attentional bias was found in smokers relative to non-smokers, but only for 
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smoking cues presented for 2000ms, and they found that this attentional bias was not 

impacted by the affective properties of the smoking-related images.  

3.1.3  Aims of the current study 

This study will examine implicit reactions to positive and negative smoking words 

and images, in comparison with general-positive, general-negative, and neutral stimuli. It 

will attempt to determine whether positive smoking-related information is hyper-accessible 

and particularly attention-grabbing for smokers, and whether they appear to employ some 

form of automatic suppression process for negative smoking-related information. It will 

also examine the utility of three implicit cognitive paradigms – the LDT, the modified-

Stroop task, and the visual dot-probe task - as measures of affective salience. A clearer 

understanding of the differences between smoker and non-smoker affective evaluations of 

smoking-related cues will provide further insight into the cognitive biases associated with 

smoking. Given the age-related smoking expectancy differences found in the previous 

study, the influence of age will also be examined in this study. Taken together, the results 

of these analyses will also help to explain some of the inconsistent attentional bias results 

seen across previous research findings. 

This study had three main aims. First, it aimed to measure the accessibility of 

valenced (positive or negative depiction) smoking-related words in comparison to neutral 

words, and to valenced general words, in smokers and non-smokers of different ages. As 

the aim was to investigate naturally occurring memory biases, an unprimed version of the 

LDT was used. This is one of the simplest forms of the LDT and it has been used to 

investigate the natural cognitive processing of salient information (Geer & Bellard, 1996). 

By removing the added complexity of priming stimuli, lexical decisions based on more 

natural thought processes can be examined and potential confounds deriving from 

experimental procedures or experimental demand can be avoided. It was hypothesised that 

smokers, in comparison to non-smokers, would make faster lexical decisions to smoking-
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related words than to general or to neutral words, and in line with the smoking expectancy 

results in Study 1, smokers were predicted to most quickly identify smoking-positive 

words. Additionally, smokers’ response latencies to smoking-negative words were also 

expected to be longer than to all other word categories if automatic smoking-related 

suppression processes were operating. The magnitude of smoking status biases were also 

predicted to vary with age. 

Second, the study aimed to use a pictorial modified-Stroop task as an interference-

based measure of attentional bias for valenced smoking-related images, relative to 

valenced general images, and to neutral images, in smokers and non-smokers of different 

ages. It was predicted that smokers and non-smokers of all ages would demonstrate an 

attentional bias for smoking-related cues in comparison to general and to neutral cues. It 

was further predicted that smokers would display a stronger attentional bias towards 

smoking-positive images, relative to both general-positive and to smoking-negative 

images. In contrast, non-smokers were expected to exhibit a stronger attentional bias to 

smoking-negative images, in comparison to both general-negative and to smoking-positive 

images. It was also expected that these differences would change with age.  

Finally, the study aimed to examine differences in maintenance of attention to 

valenced smoking-related images, relative to valenced general images, and to neutral 

images, in smokers and non-smokers of different ages, using a visual dot-probe task. It was 

hypothesised that smokers and non-smokers of all ages would demonstrate an attentional 

bias for smoking-related cues in comparison to general and to neutral cues. Again, smokers 

were expected to demonstrate greater attentional bias for smoking-positive images, but the 

stronger bias in non-smokers was predicted to be for the smoking-negative images. Again, 

these patterns of bias were expected to differ with age. Given that memory accessibility 

and attentional biases are thought to index drug-use motivation, it was also predicted that 

scores for the LDT, the modified-Stroop, and the dot-probe tasks would cohere.  
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3.2  Method 

3.2.1  Participants 

The 231 participants from Study 1 were invited to take part in this study. One 

hundred and eighty-two participants volunteered, and they were again grouped by smoking 

status (smoker and non-smoker) and age (adolescents: 15 to 18 years, young adults: 19 to 

25, and older adults: 26 to 40). Groups comprised of 86 smokers (30, 27, 29) and 96 non-

smokers (37, 30, 29). A full breakdown of participant characteristics is presented with the 

results. The study was approved by the School of Psychology Research Ethics Committee 

in Trinity College Dublin. Parental consent was provided for participants under the age of 

18. This was sought at the same time as the consent for Study 1. All participants provided 

formal written consent prior to commencing the study (see Appendix 2). All participants 

also had normal or corrected-to-normal eyesight. 

3.2.2  Measures 

Demographic information had been provided in the course of Study 1. Participants 

were asked to confirm their smoking status and no changes were reported. Computerised 

versions of each task were used. They were designed using Super Lab 4 (Cedrus 

Corporation, San Pedro, CA, USA) stimulus-presentation software and were run on a 

laptop computer with a 12-inch screen. Participants were seated approximately 500 mm 

from the screen and responses were made using a standard QWERTY keyboard. 

3.2.2.1  Lexical decision task (LDT).  This study used an unprimed LDT task 

which consisted of 116 trials: 12 practise trials containing six neutral words and six 

matched non-word letter strings; 4 repeat practise trials at the start of the experimental 

block, the responses to which were later discarded; and 100 randomised experimental trials 

containing 50 words (10 smoking-positive, 10 smoking-negative, 10 general-positive, 10 

general-negative, and 10 neutral) and 50 matched non-word letter strings. Each target 

stimulus was presented once. On each trial, a fixation cross was presented in the centre of 
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the screen for 150 ms, immediately followed by the target stimulus. This was presented as 

a white lowercase letter string, 2 cm in height, against a black background. Participants 

were asked to respond as quickly and accurately as possible and to categorize target 

stimuli as words or non-words by pressing the “b” key for word responses and the “m” key 

for non-word responses. “Yes” and “No” stickers ensured that these two keys were clearly 

identified. The stimulus remained on-screen until a response had been entered.  

The positive and negative smoking-related words were taken from those used in 

three previous studies (Mogg & Bradley, 2002; Waters & Feyerabend, 2000; Zack, et al., 

2001).  The general positive and negative words were taken from the affective word lists 

used by Zack and colleagues (1999). Sixteen neutral words were selected from neutral 

categories also used in previous studies (Hester, Dixon, & Garavan, 2006; Mogg & 

Bradley, 2002; Waters & Feyerabend, 2000; Waters, Shiffman, Bradley, et al., 2003); 10 

formed the neutral category, and six were used for practise trials. The words in each of the 

categories are listed in Table 3.1. The procedure used by Zack and colleagues (1999) was 

followed when creating matching non-word letter strings for each category. The aim was 

to generate pronounceable representations of real words, so smoking and general words 

were each matched by frequency and length to another word in print using Leech, Rayson, 

and Wilson’s (2001) word frequency counts. One vowel and one consonant were then 

randomly replaced in each of these words to create the non-word letter string.  

 

Table 3.1 The Smoking, General, and Neutral Words used in the Lexical Decision Task 

Smoking General Neutral Practise 

Negative Positive Negative Positive   

Ash Fags Weak Glad Sand Bus 

Lung Pack Pain Safe Pond Sign 

Urge Drag Sick Warm Barn Silver 

Smell Slim Ugly Enjoy Ocean Curtain 

Bored Smoke Dirty Caring Adapt Welcomed 

Habit Inhale Lonely Embrace Handle Evidence 

Cancer Exhale Stupid Worship Bathroom  

Stressed Matches Failure Glorious Keyboard  

Anxious Cigarette Unhappy Cheerful Telephone  

Desperate Tobacco depressed Affection Invitation  
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3.2.2.2  Modified-Stroop task.  A pictorial modified-Stroop task was used in which 

each stimulus comprised of a colour image (300 x 300 pixels) within a border of a single 

colour (10 pixels). Five categories of experimental stimuli were created: smoking-

negative, smoking-positive, general-negative, general-positive, and neutral. Each category 

contained seven images and each image was displayed in combination with each of four 

border colours: blue, green, red, and yellow. The set of smoking-related images was 

created using 13 previously validated images (van Hanswijck de Jonge & Gormley, 2005) 

and one widely used pictorial health warning (Physicians for a Smoke-Free Canada, 2010). 

The health warning image was included to ensure that a strongly negative smoking-related 

image was represented. The general images were taken from the International Affective 

Picture System (IAPS; Lang, Bradley, & Cuthbert, 2005) and each was selected to match 

the valence, emotional intensity, and complexity  of a particular smoking-related image 

(M. A. Miller & Fillmore, 2010). Seven IAPS pictures with neutral valence ratings were 

selected for the neutral category. An additional four images (two smoking and two 

general) were created specifically for use as practise trials. All images used are available in 

Appendix 4.  

Image categories were presented in blocked format to control for inter-trial carry 

over effects (Waters, Sayette, & Wertz, 2003). A 32-trial practise block was presented first 

to minimise learning effects, followed by the experimental blocks of 28-trials which were 

counterbalanced across participants. Trials were presented randomly within a block. Each 

trial was initiated by the central presentation of a fixation cross for 150 ms followed by the 

image which remained on-screen until a response was given. Participants were instructed 

to identify the border colour and to respond as quickly and accurately as possible. 

Responses were input using the keyboard with coloured stickers used to minimise errors: 

blue on ‘p’, green on ‘]’, yellow on ‘#’, and red on ‘;’. Participants were given a 30-second 

break between experimental blocks. 
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3.2.2.3  Visual dot-probe task.  The visual dot-probe task was based on that used 

by Mogg and colleagues (2003) and it consisted of 115 trials: 16 practise trials and three 

buffer trials each containing paired neutral images, and 96 randomised experimental trials 

consisting of four presentations of each of four smoking-negative/general-negative (SN-

GN) image pairs, four smoking-negative/neutral (SN-NU) pairs, four general-

negative/neutral (GN-NU) pairs, four smoking-positive/general-positive (SP-GP) pairs, 

four smoking-positive/neutral (SP-NU) pairs, and four general-positive/neutral (GP-NU) 

pairs. Each trial was initiated by the central presentation of a black fixation cross against a 

white screen for 150 ms, then two images (850 x 850 mm) were displayed; one vertically 

centred 1700 mm from the left hand side of the screen and the other vertically centred 

1700 mm from the right hand side of the screen. The images remained on the screen for 

2000 ms. A black asterisk symbol (5x 5) was then displayed where one of the two pictures 

had previously been shown. Participants were asked to identify which side of the screen 

the symbol appeared on, and to respond as quickly and as accurately as possible. 

Responses were input using the keyboard with “Left” and “Right” stickers used to 

minimise errors: Left on ‘a’ and Right on ‘s’. The inter-trial interval was 500ms. Each pair 

of images appeared four times: for example, an SN-GN pair would appear (1) SN left GN 

right, symbol replaces SN on the left; (2) SN left GN right, symbol right; (3) GN left SN 

right, symbol left; and (4) GN left SN right, symbol right.  

Images for the dot-probe task were selected using the same procedures as those 

used for the modified-Stroop task. Eight smoking-positive and five smoking-negative 

images were drawn from previous research (van Hanswijck de Jonge & Gormley, 2005). 

An additional three pictorial health warnings (Physicians for a Smoke-Free Canada, 2010) 

were also used in the smoking-negative category. Eight general-positive, eight general-

negative, 16 neutral, and four practise images were selected from the IAPS (Lang, et al., 

2005) system. All images are available in Appendix 5. 
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3.2.2.4  Stimulus ratings.  Participants were required to provide an affect-based 

rating, on a scale from 1 (very negative) to 8 (very positive), for all smoking-related words 

and images used in the above tasks.  

3.2.3  Procedure 

Adolescents were individually tested on school premises. Parental consent was 

sought in advance of the test date and only those volunteers with this consent proceeded to 

testing. Adults were also tested individually, in Trinity College Dublin or, as in Study 1, in 

a quiet room in their home or office
2
. Smokers were instructed to smoke as normal on the 

day of testing. Upon arrival and consent, participants were asked to confirm their smoking 

status. They were also asked if their smoking behaviour had changed since they were 

tested in Study 1. Participants then completed the LDT, the modified-Stroop task, and the 

dot-probe task in a random sequence, and finally the image rating task. On average, 8.30 

days (SD = 19.44) elapsed between Study 1 and Study 2 testing. 

3.2.4  Data analysis 

All data analyses were carried out using SPSS 19 (SPSS Inc., Chicago, Illinois 

60606, US). Raw reaction time (RT) data for the LDT, the modified-Stroop task, and the 

visual dot-probe task were examined for errors and outliers. No participant outliers were 

found. Error trials and trial-level outliers three times the inter-quartile range beyond the 

25
th

 and 75
th

 percentiles were removed prior to further analysis. Participant valence ratings 

for the smoking-related stimuli in each task were then examined to confirm that a 

significant rating difference existed between smoking-positive and smoking-negative 

stimuli in each case, and that this difference was found in the expected direction. 

Following the analysis of each task, LDT, modified-Stroop, and visual dot-probe scores 

were correlated to examine the relationships between the tasks themselves. 

                                                 
2
 Analyses confirmed that no significant differences were found for LDT, modified-Stroop, or dot-probe 

results, between those tested in Trinity College Dublin and those tested elsewhere.  
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3.2.4.1  LDT analysis. . In order to examine differences in lexical decision speed 

for the different word categories, mean LDT RTs were first analysed using a 2 (smoking 

status) x 3 (age) x 3 (word: smoking, general, neutral) mixed factorial ANOVA. The 

influence of word valence in the smoking and general categories was then examined using 

a 2 (smoking status) x 3 (age) x 2 (word) x 2 (valence) mixed factorial ANOVA. The first 

analysis was conducted to specifically determine the effect of the neutral category, as the 

inclusion of valence in the second analysis necessarily required the neutral category to be 

excluded. Given that primed LDT tasks are more usual in addiction research, an a 

posteriori analysis was also carried out to examine the differential influence of valence in 

those participants who completed the LDT first (unprimed) and those who completed the 

LDT last (primed by having completed the modified-Stroop and dot-probe tasks). Pearson 

correlations were run to investigate the relationships between the LDT RTs and smoking 

expectancy and suppression scores (Study 1) for this set of participants. Associations 

between smokers’ LDT RTs and smoking-behaviour variables such as cigarette use and 

smoking intentions were also examined. 

3.2.4.2  Modified-Stroop analysis.  Modified-Stroop attentional bias scores were 

also first analysed using a 2 (smoking status) x 3 (age) x 3 (image: smoking, general, 

neutral) mixed factorial ANOVA. The influence of image valence in the smoking and 

general categories was then examined using a 2 (smoking status) x 3 (age) x 2 (image) x 2 

(valence) mixed factorial ANOVA. Pearson correlations were again used to investigate the 

relationships between modified-Stroop scores, smoking expectancies, suppression, and 

smoking behaviour in smoker groups. 

3.2.4.3  Visual dot-probe analysis.  Six pairs of images were used in this task and 

they have been named such that the ‘target’ image (i.e., the image which is predicted to be 

more likely to grab attention) is listed first, followed by the control image; for example, 

SN is the target image and GN the control image in the SN-GN group. Following the 
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procedures used in previous visual dot-probe studies (Mogg, et al., 2003), mean RT 

congruent scores were calculated by combining all trials where the probe replaced the 

target image; this included the trials where the target and probe appeared on the left and 

those where they appeared on the right. Mean RT incongruent scores were calculated by 

combining all trials where the probe replaced the control image. Finally, mean dot-probe 

attentional bias scores are calculated as Mean RT incongruent minus Mean RT congruent, 

such that positive values indicated vigilance for target images. Mean dot-probe attentional 

bias scores were first analysed using a 2 (smoking status) x 3 (age) x 6 (image pairing) 

mixed factorial ANOVA. The four experimental-neutral image pairs were then analysed 

used a 2 (smoking status) x 3 (age) x 2 (image) x 2 (valence) mixed factorial ANOVA to 

investigate whether valence influenced attentional bias to smoking images differently to 

general images. To test the hypothesis that smoking-related attentional biases may be 

influenced by the control images (general and neutral) used, separate 2 (smoking status) x 

3 (age) x 2 (image pairing) mixed factorial ANOVAs of the SN-GN and SN-NU pairings 

and of the SP-GP and SP-NU pairings were run. Pearson correlations were used to analyse 

the relationships between dot-probe attentional bias, smoking expectancies, suppression, 

and smoking behaviour in smoker groups.  

3.3  Results and Discussion 

 The demographic profiles of the full sample, and of each age group, are presented 

in Table 3.2 along with the average use and dependence characteristics of each smoking 

group.  
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Table 3.2 Demographic profile, Means (Standard Deviations), of Smoker and Non-smoker 

Participants including a Breakdown for each Age Group  

 All Participants Adolescents Young Adults  Older Adults  

 Smoker Non-S Smoker Non-S Smoker Non-S Smoker Non-S 

 n = 86 n = 96 n = 30 n = 37 n = 27 n = 30 n =29 n = 29 

Female 49 63 17 21 17 22 15 20 

Male 37 33 13 16 10 8 14 9 

Age 

 

24.62 

(7.15) 

 

23.37 

(7.16) 

17.44 

(.92) 

16.66 

(.90) 

23.26 

(2.06) 

22.88 

(1.89) 

33.30 

(3.9) 

32.42 

(4.95) 

Smoking History        

Age Start 14.83  (2.66) 13.93    (0.18) 15.63  (2.59) 15.00  (3.11) 

Age Daily 15.79  (4.33) 13.33* (5.51) 17.54  (2.4)  16.91  (2.81) 

Yrs Smoking   9.79  (7.14)   3.51    (1.58)   7.63  (3.66) 18.30  (4.24) 

Years Daily   7.99  (7.09)   1.90    (1.24)   5.82  (3.62) 16.37  (4.46) 

Cig per Day   9.05  (6.27)   6.98    (5.22)   8.39  (6.23) 11.74  (6.51) 

FTND    2.16  (2.32)   2.03    (2.08)   2.04  (2.62)   2.41   (2.29) 

HONC 27.06  (8.21) 26.10  (10.68) 25.85 (7.54) 29.17  (5.18) 

    Note. *Not all smokers are daily smokers but those that are started younger. 

 

3.3.1  LDT task 

3.3.1.1  LDT results.  Mean LDT RTs generated by each group for smoking, 

general, and neutral word categories, and for positive and negative smoking and general 

words, are presented in Table 3.3.  

Table 3.3 Mean (Standard Deviation) LDT RTs (ms) for Smoking (positive and negative), 

General (positive and negative), and Neutral Words by Age and Smoking Status  

 Adolescents Young Adults Older Adults 

 Smoker Non Smoker Smoker Non Smoker Smoker Non Smoker 

 n = 30 n = 37 n = 27 n = 30 n = 29 n = 29 

Smoking 1008.82 

(221.23) 

978.51 

(141.24) 

940.66 

(154.89) 

965.24 

(148.94) 

953.93 

(144.80) 

938.17 

(120.54) 

    Negative 1005.29 

(181.13) 

970.98 

(169.91) 

947.93 

(170.06) 

956.02 

(156.13) 

943.87 

(148.03) 

925.51 

(125.22) 

    Positive 1006.83 

(260.90) 

983.30 

(165.78) 

932.25 

(148.64) 

974.68 

(153.16) 

963.35 

(157.86) 

947.88 

(134.64) 

       

General 1004.39 

(204.31) 

934.78 

(114.96) 

910.62 

(123.23) 

962.41 

(168.41) 

947.93 

(160.21) 

927.60 

(127.19) 

    Negative 953.26 

(189.59) 

917.48 

(107.00) 

912.87 

(150.53) 

935.14 

(137.27) 

936.92 

(146.18) 

918.10 

(138.39) 

    Positive 1053.89 

(238.53) 

950.09  

(136.49) 

905.21 

(124.26) 

989.07 

(208.57) 

957.06 

(199.90) 

934.71 

(124.99) 

       

Neutral 1083.91 

(290.16) 

1010.78 

(171.50) 

961.70 

(146.35) 

990.31 

(177.95) 

956.94 

(144.41) 

923.19 

(102.14) 



94 

 

Prior to carrying out the LDT analysis, participant valence ratings for smoking-

related words were validated using paired-sample t-tests with Bonferroni corrections for 

multiple comparisons. An analysis of the mean participant feeling scores for the positive 

and negative LDT smoking-related words revealed that all participants rated the smoking-

positive words significantly more positively than the smoking-negative words (see Table 

3.4). Furthermore, the same rating pattern was observed in the different smoking status and 

age groups. 

 

Table 3.4 Mean (Standard Deviation) Participant Rating Scores for the LDT Smoking-

Positive and Smoking-Negative words 

Group Smoking-Positive Smoking-Negative t(df) p Cohen’s d 

All Participants 4.72 (1.39) 2.09 (0.98) t(181) = 28.00 <.001 2.08 

      

Smoker 5.58 (1.17) 2.25 (0.75) t(85) = 28.31 <.001 3.05 

Non-Smoker 3.94 (1.09) 1.96 (1.13) t(95) = 18.54 <.001 1.89 

      

Adolescent 4.80 (1.64) 2.26 (1.29) t(66) = 14.10 <.001 1.72 

Young Adult 4.91 (1.06) 2.04 (0.71) t(56) = 19.75 <.001 2.61 

Older Adult 4.43 (1.34) 1.95 (0.75) t(57) = 16.67 <.001 2.19 

 

  

Mean RTs were first analysed using a 2 x 3 x 3 mixed factorial ANOVA  with 

smoker status (smoker and non-smoker) and age (adolescent, young adult, and older adult) 

as the between-group variables, and word type (smoking, general, and neutral) as the 

within-group variable. A main effect of word type, F(2, 352) = 14.54, p < .001, ŋp
2 

= .08, 

and a significant age by word type interaction, F(4, 352) = 4.93, p < .001, ŋp
2 

= .05 were 

found. As illustrated in Figure 3.1, a simple main effect of word was observed in the 

adolescent (F(2,65) = 13.74, p <.001, ŋp
2 

= .30) and in the young adult (F(2,55) = 5.24, p 

<.01, ŋp
2 

= .16) groups. Paired t-tests, with Bonferroni corrections, demonstrated that 

neutral words took significantly longer to ‘pop-out’ than general words, for both 

adolescents (t(66) = 4.93, p < .001, two-tailed, d = .60) and young adults (t(56) = 3.23, p < 

.01, two-tailed, d = .43). Adolescents also recognised neutral words significantly more 

slowly than smoking words (t(5) = 3.08, p < .01, two-tailed, d = .38).   
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Figure 3.1. Mean smoking, general, and neutral LDT RTs (ms) by age group. Error bars 

represent standard errors. 

 

In order to further investigate the influence of valence within the smoking and 

general word categories, Mean RTs were analysed using a 2 x 3 x 2 x 2 mixed factorial 

ANOVA with smoker status and age as the between-group variables, and word type 

(smoking and general) and valence (negative and positive) as the within-group variables. A 

main effect of word type, F(1, 176) = 7.80, p < .01, ŋp
2 

= .04, a main effect of valence, F(1, 

176) = 2.98, p < .01, ŋp
2 
= .07, and a significant word type by valence interaction, F(1, 

176) = 4.30, p < .05, ŋp
2 
= .02 were found. As illustrated in Figure 3.2, general-negative 

words were identified significantly faster than smoking-negative words (t(181) = 3.90, p < 

.001, two-tailed, d = .29) and general-positive words (t(181) = 4.14, p < .001, two-tailed, d 

= .31). No significant 4-way interaction was observed, although both the word type by 

smoker by age interaction (F(2, 176) = 3.01, p = .052, ŋp
2 

= .03) and the valence by smoker 

by age interaction (F(2, 176) = 2.98, p = .054, ŋp
2 
= .03) approached significance.  

Finally, no significant correlations were found between LDT scores and either 

smoking expectancy or suppression scores as measured in Study 1. Nor were any 

significant correlations found between LDT scores and smoking-behaviour variables in 

smokers of any age.  
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Figure 3.2. Mean smoking and general LDT RTs (ms) by word valence. Error bars 

represent standard errors. 

 

 ‘A posteriori’ analysis of a potential priming effect.  As primed versions of the 

LDT are more widely used than those with no priming mechanism, an analysis was carried 

out to determine if the observed results for the subset of participants who completed the 

LDT first (n = 61), would differ from those who completed it last (n = 62). It is possible 

that completing the modified-Stroop and dot-probe tasks could have had some priming 

impact for the latter group. Mean RTs were analysed separately for each group using a 2 

(smoking status) x 3 (age) x 2 (word type) x 2 (valence) mixed factorial ANOVA. In the 

LDT-first group, a significant main effect of valence, F(1, 55) = 5.36, p < .05, ŋp
2 

= .09 

was found, and the word type by valence interaction (F(1, 55) = 3.98, p = .051, ŋp
2 

= .07) 

approached significance. These results were qualified by a significant smoking status by 

age by valence interaction, F(2, 55) = 4.48, p < .05, ŋp
2 

= .14. In order to identify the 

source of the 3-way interaction, separate 2 (smoking status) x 2 (valence) ANOVAs were 

carried out for each age group. A significant main effect of valence, F(1, 18) = 6.55, p < 

.05, ŋp
2 

= .27 was found for older adults; they were slower to recognise positive words (M 

= 969.34, SD = 106.02) than negative words (M = 934.69, SD = 130.25). No other effects 

remained significant when adjustments were made for multiple comparisons.  
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In the LDT-last group, a main effect of valence, F(1, 56) = 6.43, p < .05, ŋp
2 

= .10, 

and a significant 4-way interaction, F(2, 56) = 3.67, p < .05, ŋp
2 

= .12 were found. In order 

to identify the source of the 4-way interaction, separate 2 (smoking status) x 2 (word) x2 

(valence) ANOVAs were carried out for each age group. A significant main effect of 

valence, F(1, 21) = 4.46, p < .05, ŋp
2 

= .18, and a significant word by valence by smoking 

status interaction, F(1, 21) = 5.02, p < .05, ŋp
2 

= .19, was found for adolescents. Post-hoc 

analysis revealed a word by valence interaction for adolescent smokers, F(1, 10) = 13.18, p 

< .01, ŋp
2 

= .57 (see Figure 3.3). Paired sample t-tests found that adolescent smokers were 

significantly faster at recognising smoking-negative words relative to smoking-positive 

words, t(10) = 2.55, p = .029, two-tailed, d = .77, smoking-positive words relative to 

general-positive words t(10) = 2.43, p = .036, two-tailed, d = .73, and general-negative 

words relative to general-positive words, t(10) = 4.11, p = .002, two-tailed, d = 1.24. Only 

last difference remained significant when results were adjusted for multiple comparisons. 

No significant differences were found for adolescent non-smokers. 

 

 

 

Figure 3.3. Adolescent smoker mean LDT RTs for negative and positive, smoking and 

general words. Error bars represent standard errors. 
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No significant results were found for young adults, while a significant valence by 

smoking status interaction was found for older adults, F(1, 18) = 4.58, p < .05, ŋp
2 

= .20. 

However, these differences did not remain significant when Bonferroni corrections were 

made (see Figure 3.4). 

 

 
 

Figure 3.4. Older adult mean valence LDT RTs (ms) by smoking status. Error bars 

represent standard errors. 

 

Finally, correlations were rerun for the LDT-last group to investigate whether 
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found were in the non-smoker group; significant medium-sized negative correlations were 

found between the strength of explicit SCQ endorsement of negative smoking expectancies 

and LDT RTs for smoking-negative (r = -.37, p < .05), and for general-positive (r = -.44, p 

< .05).  
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expectations, no significant difference was found between the speed of lexical decisions to 

smoking and to general words in any group, but all participants were faster at recognising 

both smoking and general words, relative to neutral words. This suggests that any form of 
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affective content will speed up word recognition, which is unsurprising given that affective 

stimuli have been shown to capture attention and to produce interference to a greater 

extent than neutral stimuli (J. M. G. Williams, et al., 1996). As a result, when addiction-

related words are examined relative to neutral words, some element of the difference found 

between participant responses to each will be accounted for by the mere fact that the 

addiction-related words are likely to incorporate affective properties.  

To investigate the influence of affect more specifically, this study measured the 

accessibility of positive and negative smoking-related words, in comparison to positive 

and negative general words, across the smoking-status and age groups. Contrary to 

expectations, smokers did not make faster lexical decisions to smoking-positive words 

relative to non-smokers, nor were they faster at identifying smoking-positive words 

relative to the other word categories. Smokers were also expected to demonstrate longer 

response times to smoking-negative words if automatic smoking-related suppression 

processes were operating, but this prediction was not supported. Instead, all participants 

were found to make faster lexical decisions for general-negative words relative to general-

positive and to smoking-negative words. This difference was not found between smoking-

negative and smoking-positive words. Taken together, these observations challenge 

previous research which found slower lexical decisions for negative words (Estes & 

Adelman, 2008; Wentura, et al., 2000), and that which found no difference between lexical 

responses to positive and to negative words (Larsen, et al., 2006). The fact that general-

negative words are identified faster on an unprimed LDT for all participants, regardless of 

age or smoking status, suggests the existence of a natural automatic vigilance for these 

words which improves lexical decision speed (Houwer & Hermans, 1994). It should be 

noted that no age-related differences were found in LDT responding. 

The lack of expected findings may also have been due to the unprimed nature of 

the LDT. Although an unprimed task has successfully been used to investigate naturally 
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occurring memory biases (Geer & Bellard, 1996), and it has demonstrated a natural 

vigilance for general-negative words in this study, the task may be limited in terms of its 

ability to differentiate between smoker and non-smoker responses to the affective 

characteristics of smoking and general words. Primed LDT tasks are more common in 

addiction research and they have successfully demonstrated faster lexical decisions for 

addiction-related words (Hill & Paynter, 1992; Jarvik, et al., 1995; Weingardt, et al., 

1996). To investigate further, participants who completed the LDT first (unprimed) were 

compared to those who completed it last (primed by the modified-Stroop and visual dot-

probe tasks). Word valence remained the only means of differentiating between LDT 

responses in the unprimed group, but different patterns of responding emerged across the 

smoking-status and age groups when primed.  

Non-smokers continued to display faster lexical decisions for negative words, 

relative to positive words. In contrast, age-related differences were found in the smoking 

group. General-negative words were more easily identified than both general-positive and 

smoking-negative words by adolescents. No differences were found among adult smokers. 

These results could be interpreted as younger smokers managing to suppress or inhibit 

negative information that specifically relates to smoking (Slovic, et al., 2004), even though 

they show vigilance for general-negative information. Of additional importance was the 

finding that smoking-positive words were more accessible than general-positive words for 

adolescent smokers in this primed group, whereas older adults were faster at recognising 

the general-positive words. This finding supports the Study 1 observation of a positivity 

bias for smoking-related information in smokers, but one that declines with age.  

Although the unprimed LDT did not prove to be successful in detecting differences 

in the memory accessibility of positive and negative smoking-related information across 

the groups, results from the primed LDT demonstrated the merit of continuing to examine 

the affective characteristics of smoking-related cues. Furthermore, the nature of this 
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particular priming effect is likely to have been more subtle than measuring lexical decision 

speed immediately following a prime, and it can therefore be argued that it provides a 

measure of a more natural bias towards positive smoking-related information, and the 

suppression of negative smoking-related information, in adolescent smokers.  

Some methodological limitations should also be taken into account in the 

interpretation of the LDT findings. The examination of the LDT-last group demonstrated 

some smoking status and age-related differences in responding, but not all of these 

remained significant when results were adjusted for multiple comparisons. As this analysis 

could only be carried out with one third of the total participants, individual group sizes 

were very small and it is likely that the analyses were under-powered as a result. It would 

be important to replicate these findings with a more suitable sample size.  

Also, the LDT used smoking-related words from published smoking-Stroop 

studies, so the valance classifications made for these words were based on the categories to 

which the words belonged in the original study. Participant ratings for smoking-negative 

words were significantly lower than for smoking-positive words, although the words 

themselves varied in affective strength which may have influenced lexical decision speed 

when compared to strongly positive and negative general words. It is also possible that 

participants would have had difficulty in identifying some of the words as being related to 

smoking; for example, bored, anxious, slim, and pack. It would be interesting for future 

research to investigate lexical decision speed to different word categories using a blocked 

design, so that it would be more evident which category each of the words belonged to. It 

is also possible that the priming effect seen in the LDT-last group is due to the fact that 

participants were more aware of the different stimulus categories and thus words related to 

smoking were more readily interpreted as such when the LDT task came last. It would 

have been preferable to be able to select these words from a single validated set of 

valenced smoking-related words, but no systematic review has been carried out to examine 
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the saliency and emotional ratings of the smoking-related words used in so many addiction 

studies. Given that images used in similar addiction studies are subject to rigorous 

salience, feeling, and arousal rating examination, research is required to establish a 

similarly validated list of smoking-related words.  

3.3.2  Modified-Stroop task  

3.3.2.1  Modified-Stroop results.  Mean modified-Stroop RTs generated by each 

group for smoking, general, and neutral images, and for positive and negative smoking and 

general images, are provided in Table 3.5.  

 

Table 3.5 Mean (Standard Deviation) Stroop RTs for Smoking (positive and negative), 

General (positive and negative), and Neutral Images by Age and Smoking Status  

 Adolescents Young Adults Older Adults 

 Smoker Non Smoker Smoker Non Smoker Smoker Non Smoker 

 n = 30 n = 37 n = 27 n = 30 n = 29 n = 29 

Smoking 903.33 

(223.26) 

819.35 

(111.07) 

800.02 

(113.39) 

803.49 

(109.33) 

813.90 

(103.21) 

825.73 

(110.97) 

    Negative 914.57 

(229.71) 

840.98 

(136.29) 

812.19 

(121.28) 

824.70 

(120.49) 

828.06 

(126.65) 

833.25 

(114.97 

    Positive 885.99 

(233.77) 

795.10 

(99.21) 

786.65 

(116.89) 

781.54 

(106.27) 

799.74 

(96.73) 

819.52 

(117.17) 

       

General 842.59 

(103.75) 

806.54 

(110.01) 

791.26 

(109.84) 

777.44 

(99.92) 

801.27 

(101.97) 

814.57 

(114.80) 

    Negative 852.53 

(119.08) 

809.15 

(107.08) 

810.29 

(133.60) 

789.34 

(114.10) 

811.66 

(122.62) 

836.05 

(117.57) 

    Positive 839.33 

(116.37) 

809.71 

(150.23) 

766.45 

(98.16) 

768.10 

(100.64) 

790.69 

(103.05) 

793.97 

(124.50) 

       

    Neutral 816.55 

(105.99) 

804.49 

(102.40) 

779.13 

(100.57) 

776.39 

(108.82) 

777.51 

(100.48) 

787.86 

(101.56) 

 

Mean Stroop RTs were first analysed using a 2 x 3 x 3 mixed factorial ANOVA 

with smoker status and age as the between-group variables, and image (smoking, general, 

and neutral) as the within-group variable. A main effect of image, F(2, 352) = 18.93, p < 

.001, ŋp
2 

= .10, and a significant image by age by smoking status interaction, F(4, 352) = 

2.52, p < .05, ŋp
2 

= .03 were found. In order to identify the source of the 3-way interaction, 

separate 2 (smoking status) x 3 (image) ANOVAs were carried out for each age group. A 
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significant smoking status by image interaction was found for adolescents, F(2,130) = 

3.77, p < .05, ŋp
2 

= .06. As illustrated in Figure 3.5, post-hoc analysis revealed a 

significant main effect of image in the adolescent smoking group, F(2,58) = 6.69, p < .01, 

ŋp
2 

= .19. A Stroop effect was found for the smoking-related images, in comparison to 

neutral (p < .05). No other significant results were found.  

 
 

Figure 3.5. Mean Stroop RTs for each main image category in the adolescent smoking and 

non-smoking groups. Error bars represent standard errors. 

 

 

 
 

Figure 3.6. Mean Stroop RTs for each image category in each age group. Error bars 

represent standard errors. 
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Significant main effects of image were also found for young adults, F(2,110) = 

3.87, p < .05, ŋp
2 

= .07, and for older adults, F(2,112) = 14.09, p < .001, ŋp
2 
= .20. As 

depicted in Figure 3.6, young adults demonstrated a Stroop effect for smoking-related 

images, in comparison to neutral, although this effect did not remain significant when 

adjusted for multiple comparisons. Older adults also demonstrated a Stroop effect for 

smoking-related in comparison to neutral, images (p < .001).  

Given the observation of a Stroop effect for smoking-related images in smoker and 

non-smokers, an analysis of image valence was carried out in order to determine if each 

group was reacting to different affective properties of the smoking image. Prior to carrying 

out this analysis, participant valence ratings for smoking-related images were validated 

using paired-sample t-tests with Bonferroni corrections for multiple comparisons. An 

analysis of the mean participant feeling scores for the positive and negative Stroop 

smoking-related images revealed that all participants rated the smoking-positive images 

significantly more positively than the smoking-negative images (see Table 3.6). 

Furthermore, the same rating pattern was observed in the different smoking status and age 

groups. The largest effect size was found in the smoking group, which is consistent with 

the literature. 

 

Table 3.6 Mean (Standard Deviation) Participant Rating Scores for the Smoking-Positive 

and Smoking-Negative modified-Stroop Images 

Group Smoking-Positive Smoking-Negative t(df) p Cohen’s d 

All Participants 4.71 (0.11) 2.15 (0.99) t(181) = 26.77 <.001 1.98 

      

Smoker 5.60 (1.22) 2.24 (0.77) t(85) = 28.84 <.001 3.11 

Non-Smoker 3.90 (1.10) 2.06 (1.15) t(95) = 18.88 <.001 1.82 

      

Adolescent 4.75 (1.68) 2.33 (1.29) t(66) = 13.71 <.001 1.67 

Young Adult 4.92 (1.12) 2.09 (0.68) t(56) = 18.66 <.001 2.47 

Older Adult 4.44 (1.38) 2.00 (0.82) t(57) = 15.45 <.001 2.03 

 

In order to determine if image valence differentially contributes to the Stroop effect 

across the groups, mean Stroop RTs were analysed using a 2 x 3 x 2 x 2 mixed factorial 
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ANOVA with smoker status and age as the between-group variables, and image (smoking 

and general) and valence (negative and positive) as the within-group variables. A main 

effect of image, F(1, 176) = 11.92, p < .01, ŋp
2 

= .06, and a main effect of valence, F(1, 

176) = 34.71, p < .001, ŋp
2 
= .17 were found. No other significant results were found. All 

participants responded more slowly to smoking images (M = 826.86, SD = 135.31) than to 

general (M = 806.44, SD = 111.44), t(181) = 3.66, p < .001, two-tailed, d = .27. They also 

responded more slowly to negative images (M = 830.38, SD = 125.34) than to positive (M 

= 803.50, SD = 118.00), t(181) = 5.92, p < .001, two-tailed, d = .44.   

Finally, no significant correlations were found between modified-Stroop scores and 

any of the smoking expectancy scores, or any of the suppression scores, gathered in Study 

1 in the full smoker and non-smoker groups. Higher SCQ negative smoking expectancy 

scores in young adult smokers were significantly correlated with general-negative Stroop 

bias (r = -.50, p < .01), while in older adult non-smokers, TCQ-D scores were correlated 

with general-positive (r = .42, p < .01) bias. No significant correlations were found 

between any of the smoking-behaviour variables and modified-Stroop scores in smokers of 

any age.  

3.3.2.2  Modified-Stroop discussion. The second aim of the study was to examine 

modified-Stroop attentional bias for valenced smoking-related information in smokers and 

non-smokers of different ages. It was first predicted that smokers and non-smokers would 

demonstrate an attentional bias for smoking-related cues in comparison to general and to 

neutral cues. This hypothesis was partially supported as a Stroop effect was found for 

smoking-related images, in comparison to neutral, in both the younger adult and older 

adult groups. Interestingly, this smoking Stroop effect was found in adolescent smokers, 

but not in non-smokers, which supports the prediction that age-related changes in 

attentional bias would be observed. In all cases, the smoking Stroop effect was only found 

relative to the neutral controls. Valence was subsequently investigated for both smoking-
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related and general images to ensure that any differences in smoking Stroop effects could 

not be attributable to image valence. All participants responded more slowly to smoking 

images in comparison to general images, and they responded more slowly to negative 

images than to positive images, but contrary to expectations, no combined valence and 

image-type effects were found. These results were consistent across all age groups. 

Finding a smoking Stroop effect in both adult smokers and non-smokers supports 

similar findings in previous adult research (Domier, et al., 2007; Johnsen, et al., 1997), and 

challenges those which found no smoking-related attentional bias in either group (Fehr, et 

al., 2006; Waters & Li, 2008), and that which successfully utilised the modified-Stroop 

task to differentiate between smoking-related attentional bias in adult smokers and non-

smokers (Munafo, et al., 2003). It has been suggested that non-smokers may demonstrate a 

smoking-related attentional bias because of the negative properties of the smoking 

stimulus (W. M. Cox, Fadardi, Klinger, et al., 2006). The results of the valence analysis, 

however, do not support this view or the findings of some previous alcohol-related studies 

(Bauer & Cox, 1998). Instead, they support research which did not find any valence-

related differences (Powell, et al., 2002; Stormark, et al., 1997) in attentional bias. On the 

basis of these results, it cannot be argued that smokers and non-smokers are responding to 

different affective characteristics of the smoking images (W. M. Cox, Fadardi, & Pothos, 

2006). 

The novel finding from this study was the age-related difference in the modified-

Stroop effects found; specifically the observation of a smoking Stroop effect in adolescent 

smokers but not in adolescent non-smokers. This suggests that smoking information is 

processed differently by disparate age groups. The lack of a modified-Stroop effect in 

adolescent non-smokers may simply reflect the fact that their attention is less drawn by 

smoking-related imagery, or it may reflect a situation where the bias to positive and 

negative smoking images are in different directions, and thus essentially balance each 
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other out. As no significant differences were found between responses to positive and 

negative imagery in this study, more research is required to determine the specific 

characteristics of the images that adolescent smokers and non-smokers are drawn to. It will 

then be important to clarify how and when attention becomes biased towards the smoking 

images as non-smokers age.   

One of the strengths of the image-based tasks in this study was the fact that they 

used images which had been previously validated for affective content, and in the case of 

smoking-images, for saliency. Although the emotional intensity and complexity of positive 

and negative images were matched, the picture content was not precisely the same in each 

in each version; for example, a positive depiction of three people smoking did not have a 

corresponding negative depiction of the same three people smoking. Negative categories 

also included one more people-oriented image than object-oriented image, whereas the 

opposite was the case for positive categories. Similarly, the precise picture content differed 

between smoking and general images (i.e., three people in a smoking context was not 

matched with the same three people in a non-smoking context). These findings should 

therefore be interpreted in light of these limitations, and future research should consider 

the systematic production of positive and negative smoking and general images based on 

the same underlying picture content, and taking image complexity and people versus 

object content into consideration. 

3.3.3  Visual dot-probe task 

3.3.3.1  Visual dot-probe results.  Mean dot-probe attentional bias scores for each 

set of paired images are provided in Table 3.7 below, for smokers and non-smokers in each 

age group. Prior to carrying out the dot-probe analysis, participant valence ratings for 

smoking-related images were validated using paired-sample t-tests with Bonferroni 

corrections for multiple comparisons. An analysis of the mean participant feeling scores 

for the positive and negative dot-probe smoking-related images revealed that all 
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participants rated the smoking-positive images significantly more positively than the 

smoking-negative images (see Table 3.8). Furthermore, the same rating pattern was 

observed in the different smoking status and age groups. Again, the largest effect size was 

found in the smoking group, which remains consistent with the literature. 

 

Table 3.7 Mean (standard deviation) Visual Dot-probe Attentional Bias Scores for Paired 

Image Sets by Age and Smoking Status  

 Adolescents Young Adults Older Adults 

 Smoker Non Smoker Smoker Non Smoker Smoker Non Smoker 

 n = 30 n = 37 n = 27 n = 30 n = 29 n = 29 

SN-GN -17.50 

(97.00) 

-1.34 

(71.46) 

-3.83 

(26.12) 

5.22 

(41.77) 

0.59 

(32.71) 

16.22 

(33.72) 

SN–NU -18.22 

(84.75) 

3.20 

(84.26) 

-2.12 

(36.80) 

2.46 

(51.13) 

-0.14 

(46.41) 

-6.15 

(45.99) 

GN-NU -12.58 

(50.32) 

19.97 

(71.37) 

4.50 

(36.14) 

1.82 

(45.37) 

-0.15 

(43.33) 

-4.70 

(42.25) 

SP-GP 2.25 

(156.27) 

12.50 

(78.66) 

-7.03 

(39.06) 

-20.88 

(37.37) 

-12.20 

(43.05) 

-4.71 

(37.66) 

SP-NU -29.66 

(130.77) 

25.64 

(85.67) 

12.36 

(35.86) 

-5.48 

(47.95) 

-0.59 

(45.22) 

-6.29 

(60.90) 

GP-NU 60.07 

(285.60) 

6.96 

(43.97) 

6.67 

(38.15) 

8.74 

(41.69) 

12.45 

(64.52) 

-5.02 

(41.89) 

  Note. SN, smoking-negative; GN, general-negative; NU, neutral; SP, smoking-positive; GP, general-

positive 

 

Table 3.8 Mean (Standard Deviation) Participant Rating Scores for the Smoking-Positive 

and Smoking-Negative Visual Dot-probe Images 

Group Smoking-Positive Smoking-Negative t(df) p Cohen’s d 

All Participants 4.73 (1.39) 2.05 (1.01) t(181) = 27.62 <.001 2.05 

      

Smoker 5.57 (1.18) 2.25 (0.79) t(85) = 25.79 <.001 2.78 

Non-Smoker 3.97 (1.11) 1.86 (1.15) t(95) = 18.15 <.001 1.85 

      

Adolescent 4.84 (1.65) 2.19 (1.34) t(66) = 13.75 <.001 1.68 

Young Adult 4.89 (1.03) 2.01 (0.76) t(56) = 19.79 <.001 2.62 

Older Adult 4.43 (1.34) 1.19 (0.75) t(57) = 16.79 <.001 2.21 

 

  

Mean dot-probe scores for each of the image pairings were first analysed using a 2 

x 3 x 6 mixed factorial ANOVA with smoker status (smoker and non-smoker) and age 

(adolescent, young adult, and older adult) as the between-group variables, and image-pair 
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(SN-GN, SN-NU, GN-NU, SP-GP, SP-NU, and GP-NU) as the within-group variable. No 

significant results were found. Secondly, an analysis of the experimental-neutral image 

pairings was carried out to investigate if valence differentially influenced attentional bias 

to smoking images in comparison to general images. A 2 (smoking status) x 3 (age) x 2 

(image: smoking and general) x 2 (valence) mixed factorial ANOVA did not find any 

significant results. Thirdly, the mean score for the two image pairs containing smoking-

negative images was compared to the mean score for the two image pairs containing 

smoking-positive images as it had been predicted that smokers would be more drawn to 

the smoking-positive images. A 2 (smoking status) x 3 (age) x 2 (valence) ANOVA did 

not find any significant results.  

To test the hypothesis that smoking-related attentional biases may be influenced by 

the control images (general and neutral) used, separate 2 (smoking status) x 3 (age) x 2 

(image-pair) mixed factorial ANOVAs of the SN-GN and SN-NU pairings and of the SP-

GP and SP-NU pairings were run. No significant results were found for the SN-GN and 

SN-NU pairs, but the analysis of the SP-GP and SP-NU pairs found a significant smoking 

status by age interaction, F(2, 176) = 3.78, p < .05, ŋp
2 

= .04. As illustrated in Figure 3.7, 

post-hoc analysis revealed a significant main effect of age in the non-smoking group, 

F(2,93) = 3.39, p < .05, ŋp
2 
= .07. A significantly larger dot-probe attentional bias was 

found for adolescent non-smokers when compared with young adult non-smokers (p < 

.05). Given that positive dot-probe scores indicate vigilance for target images, this 

demonstrates that adolescent non-smokers were significantly faster at locating probes that 

replaced smoking-positive images than those replacing control images, regardless of 

whether the control images were general-positive or neutral.
3
 No other significant results 

were found. 

 

                                                 
3
 No significant smoking status or age differences were found for the GP-NU image category indicating that 

this effect was specific to smoking-positive images. 
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Figure 3.7. Mean dot-probe attentional bias scores for smokers and non-smokers in each 

age group. Error bars represent standard errors. 

 

Few significant correlations of any size were found when the full smoker and non-

smoker groups were analysed, but some relationships between dot-probe bias scores and 

Study 1 variables emerged in the older adult groups. Higher endorsement of SCQ negative 

smoking expectancies was significantly negatively correlated with GP-NU bias (r = -.50, p 

< .01) in older adult smokers, while higher ratings for the smoking-positive images were 

significantly correlated with GN-NU bias (r = .42, p < .05), and more positive ratings for 

the smoking-negative images were correlated with SN-NU images (r = -.48, p < .01). In 

older adult non-smokers, more positive FA T1 difference scores were significantly 

negatively correlated with GP-NU bias (r = -.50, p < .01). No other significant correlations 

were found. 

3.3.3.2  Visual dot-probe discussion. Finally, the study aimed to use a visual dot-

probe task to examine differences in the maintenance of attention to smoking-related 

information in the same sample. Specifically, attentional bias was examined across six 

different image pairs; three investigated negative affect: SN-GN, SN-NU, and GN-NU, 

and three investigated positive affect: SP-GP, SP-NU, and GP-NU. Contrary to 
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expectations, no attentional bias was evident for any of the image pairs. A subsequent 

analysis of the SN-GN and SN-NU pairs determined that, unlike modified-Stroop findings, 

no attentional bias was evident for smoking-negative information regardless of the type of 

control image used. In contrast, an analysis of the SP-GP and SP-NU pairs illustrated that 

adolescent non-smokers’ attention was drawn to smoking-positive images to a greater 

extent that in any other group. It is interesting that this effect was not found for adolescent 

smokers, so it is unlikely to reflect a general attractiveness of smoking-positive images in 

this age group. It is possible that the images are incongruent to non-smokers’ expectations 

of smoking and it is this contradiction that maintains their attention (W. M. Cox, Fadardi, 

Klinger, et al., 2006). No attentional bias was found to smoking-positive images in 

adolescent non-smokers on the Stroop task, however, so this reinforces the need for further 

research to determine the characteristics of attentional bias to smoking-related information 

in this age group.   

Despite previous findings that smokers were faster to locate a probe replacing a 

smoking-related image than one replacing a neutral image (Bradley, et al., 2004; Bradley, 

et al., 2003; Hogarth, Mogg, et al., 2003), these results have not been replicated here. The 

previous studies did not consider the valence of the smoking images, and all smoking 

comparisons were made relative to a neutral image category; nevertheless the SN-NU and 

SP-NU image pairs would have replicated those conditions. If smokers’ attention was 

likely to be captured by smoking-related cues of any kind, an attentional bias would have 

been expected in these pairs. The calculation of the visual dot-probe attentional bias score 

was the same in this as it was in previous studies, and errors and outliers were also 

removed before all analyses were carried out. It is unlikely, therefore, that differences in 

analytical procedures can account for the resulting difference in the findings. It is possible, 

however, that methodological differences in the design of the dot-probe task may have 

influenced results.  
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Some methodological limitations should also be taken into account in the 

interpretation of the visual dot-probe findings. Each of the dot-probe studies described in 

the introduction, which found an attentional bias for smoking-related information in 

smokers, came from a single research group and so used similar visual dot-probe tasks and 

the same set of smoking-related images. Although the task used in this study was based on 

their design (Mogg, et al., 2003), some differences were required given the apparatus 

available for use here. The dimensions of the images used varied in previous studies; 

image sizes ranged between 800 x 600 mm, 1100 x 700 mm, and 950 x 1300 mm. The 

images used in this dot-probe task were 850 x 850 mm, so they fell within this range. 

Vertical image screen placement was also the same as in previous studies, but horizontal 

screen placement differed. The distance between the inner edges of the images in the 

previous studies was 300 mm, whereas the distance between the inner edges of the two 

images in this task was 800 mm. In addition, participants in the previous studies used a 

separate response box so they were seated further away from the screen (between 1100 

mm and 1200 mm) than they were in this study (500 mm), where they used the keyboard 

to enter their responses.  

The implication of these differences is that the visual angle was larger in this task; 

the edge of the image is likely to have appeared in foveal vision in previous studies, 

whereas it is likely to have appeared in parafoveal vision in this study (Calvo & Lang, 

2005). It is possible that this task variation accounted for the lack of bias found in this 

study since the images may not have been inspected in enough detail to detect key 

differences, although Calvo and Lang (2005) demonstrated that the processing of 

emotional images can begin in advance of foveal fixation. Furthermore, as the probe can 

only appear in one of two potential spatial locations, it is likely that participants constantly 

shift the spatial focus of their attention between these positions while the images remain on 

screen. This study requires replication using a similar set of apparatus to that used in 
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previous research. If attentional bias is not found with similar presentation settings, the 

next step would be to consider the detailed content of the image sets used in each study.  

3.3.4  Relationship between the tasks 

3.3.4.1  Inter-task correlation results.  Few significant correlations were found 

between the three implicit tasks, although some group-specific patterns did emerge. In 

adolescent smokers, attentional bias to smoking-negative images in the visual dot-probe 

SN-NU image pair, was significantly negatively correlated with each of the Stroop image 

categories: smoking-negative (r = -.80, p < .001), smoking-positive (r = -.67, p < .001), 

general-negative (r = -.56, p < .01), general-positive (r = -.49, p < .01), neutral (r = -.50, p 

< .01). This pattern of responding was not seen in any other group. No significant 

correlations were found in the adolescent non-smoking group. 

No significant visual dot-probe correlations were found in the young adult smoking 

group. In contrast, significant positive correlations were found between LDT GN word 

recognition and four of the modified-Stroop image categories: smoking-negative (r = .62, 

p < .001), smoking-positive (r = .53, p < .01), general-negative (r = .53, p < .01), and 

general-positive (r = .60, p < .01). For young adult non-smokers, significant negative 

correlations were found between SN-NU scores and LDT SN word recognition (r = -.51, p 

< .01), and between GP-NU scores and LDT SP word recognition (r = -.48, p < .01), but 

no significant correlations were found between Stroop and LDT scores in this group. 

In the older adult smoking group, LDT RTs for general-negative words were 

significantly positively correlated with GN-NU dot-probe scores (r = .55, p < .01). No 

other significant correlations were found. In older adult non-smokers, attentional bias to 

smoking-positive images in the SP-NU image pair, was negatively correlated with LDT 

RTs for smoking-positive words (r = -.52, p < .01), so as smoking-positive images 

attracted attention in the dot-probe task, they were recognised more quickly in the LDT 

task. LDT general-positive word recognition was significantly positively correlated with 
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modified-Stroop bias for general-negative images (r = .50, p < .01). Finally, LDT neutral 

word recognition was significantly positively correlated with modified-Stroop bias for 

smoking-positive images (r = .64, p < .001), smoking-negative images (r = .50, p < .01), 

and general-positive-images (r = .66, p < .001).  

3.3.4.2  Inter-task correlation discussion.  Few consistent relationships were 

found between the three tasks in this study. As the modified-Stroop and visual dot-probe 

tasks both measure attentional bias, and image versions of both tasks were used, a 

relationship would have been expected between their results. No such relationship was 

found in either adult group or among adolescent non-smokers. Furthermore, the more 

vigilant adolescent smokers were to smoking-negative images on the dot-probe task, the 

less attention was grabbed by any category on the modified-Stroop task; this negative 

relationship was particularly strong for the smoking-negative images themselves. Many 

previous studies have also failed to find a relationship between these two tasks (Mogg & 

Bradley, 2002; Sherman, et al., 2003). As a result, it has been argued that the cognitive 

processes involved in the early, pre-conscious, selective-attention measured by the 

modified-Stroop task (W. M. Cox, Fadardi, & Pothos, 2006), differ from those involved in 

visuo-spatial orienting and maintenance of attention as measured by the visual dot-probe 

task (Mogg & Bradley, 2002). The findings from this study provide further support that 

these two tasks are likely to be engaging different cognitive processes. 

Two interesting relationships were seen between the visual dot-probe and the LDT 

tasks. Firstly, the more vigilant young adult non-smokers were to smoking-negative 

images, the faster they were to recognise smoking-negative words. This suggests that this 

group did not suppress smoking-negative information in any way. The tasks were not 

capable, however, of identifying any inhibitory processes in smokers. Secondly, although 

no relationships were found for smoking-content between the two tasks in the older adult 

smoking group, the faster they recognised general-negative words on the LDT, the less 
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vigilant they were to general-negative imagery on the dot-probe task. This could 

potentially be interpreted as demonstrating vigilance for threat-related information in the 

first task, but showing an inhibitory effect for the same threatening information on the 

second. In addition, this pattern of responding did not extend to smoking-negative stimuli. 

A relationship was also found between the modified-Stroop and LDT tasks for older adult 

non-smokers; greater attentional bias was found towards smoking-positive images on the 

former as smoking-positive words were recognised more quickly on the latter. However, 

the stimulus types differed between the LDT and the attentional bias tasks. Although 

consistent attentional bias has been demonstrated across word and image versions of the 

modified-Stroop task (Hester, et al., 2006), it is possible that these findings reflect a 

difference in responding to different stimulus types when used in two different tasks. 

3.4  Conclusion 

This study explored implicit reactions to positive and negative smoking-related 

stimuli, in relation to general valenced and to neutral stimuli, in three implicit cognitive 

tasks. Cognitive models would suggest that attentional bias to smoking-related information 

should be observed in smokers but not in non-smokers. Additionally, CSLT and 

associative memory theories predict that smokers would respond more quickly to positive 

smoking-related stimuli, in comparison to other stimulus categories. In this study, both 

smokers and non-smokers, with the exception of adolescent non-smokers, displayed a 

modified-Stroop attentional bias to smoking-related images, relative to neutral images. 

This general bias was not found for either the LDT or the visual dot-probe task. 

Adolescent smokers were shown to suppress smoking-negative words on a LDT task, and 

adolescent non-smokers were found to have an attentional bias to smoking-positive images 

on the dot-probe task. Only two consistent relationships were found between the tasks 

themselves. The vigilance for general-negative words on the LDT was associated with 

attentional bias scores to general-negative images on the dot-probe task in the adolescent 
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and older adult groups, and it was associated with modified-Stroop attentional bias scores 

to all valenced images in younger adults.  

While a clearer understanding of the differences between smoker and non-smoker 

affective evaluations of smoking-related, general, and neutral cues would provide further 

insight into the cognitive biases associated with smoking, the lack of consistency between 

the findings for the three tasks in this study, and between the study results and those of 

previous research, prevents any clear conclusions from being drawn. It is possible that a 

primed LDT may prove useful in measuring naturally occurring suppression of smoking-

negative information, and modified-Stroop studies seem the most effective at uncovering 

attentional bias to smoking-related information, although further research is required in 

both cases to gain a better understanding of the influence of affect. 
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Chapter 4: Development of an Explicit Smoking Expectancy Measure for use with 

Heterogeneous Smoking Status and Age Groups 

4.1  Introduction 

Studies are increasingly investigating smoking measures in narrowly defined 

populations, yet there is a need to identify measures that can successfully be used with 

heterogeneous populations. In this chapter, data from two studies are used to develop and 

validate a revised explicit smoking expectancy measure, based on the original Smoking 

Consequences Questionnaire (SCQ; Brandon & Baker, 1991), that would be suitable for 

use in research with participants of diverse age and smoking behaviour. The SCQ data 

previously presented in Chapter 2 (Study 1) formed the development sample and an 

exploratory factor analysis (EFA) of these data was used to create the revised SCQ. Data 

from a new participant sample (Study 3) was then subjected to a confirmatory factor 

analysis (CFA) to validate the results of the factor structure derived in the development 

phase.  

4.1.1  Development of commonly used SCQ scales 

As illustrated in Chapter 2, explicit smoking expectancies have been shown to 

predict smoking behaviour among adolescents (Bauman, et al., 1984; Wahl, et al., 2005), 

young adults (Downey & Kilbey, 1995), and older adults (Copeland, et al., 1995). The 

SCQ (Brandon & Baker, 1991) was one of the first scales developed to explicitly measure 

smoking expectancies and it contains 50 statements of positive and negative proximal and 

distal consequences typically associated with smoking. Participants are asked to provide 

two different ordinal ratings for each item on the list: first an indication of the desirability 

of the outcome described in the statement using a scale from extremely undesirable (-5) to 

extremely desirable (+5); and second the likelihood of each consequence using a scale 

from 0 to 9. For example, participants would consider a smoking expectancy such as 

“Cigarettes help me deal with anxiety or worry” and they would rate how desirable they 
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would find this consequence of smoking. They would then rate how likely they thought 

this outcome would be. The two rates for each item are multiplied to obtain a subjective 

expectancy utility (SEU) score. Brandon and Baker (1991) suggested that this SEU index 

provided a better predictor of behaviour than desirability or likelihood ratings alone, 

although they acknowledged that negative expectancies were related to smoking status on 

the likelihood scale only, and subsequent research supports the view that likelihood ratings 

alone are more successful at differentiating between smoking status groups (Myers, et al., 

2003; Rash & Copeland, 2008).   

Brandon and Baker (1991) developed their SCQ scale using a college sample of 

382 daily, occasional, and ex-smokers (mean age was 18.7 years). Daily smokers smoked 

an average of 11.2 CPD and had a mean FTND dependence score of 2.8. A principal 

components analysis (PCA) suggested the 50 items loaded onto four reliable factors: 

negative consequences (NC, 18 items, α = .95) which included items related to health risk, 

addiction risk, negative physical consequences such as throat irritation and coughing, and 

negative social risks such as looking ridiculous and being less attractive; positive 

reinforcement (PR, 15 items, α = .91) which included items related to taste, boredom 

reduction, social facilitation, and urge reduction; negative reinforcement (NR, 12 items, α 

= .94) which included items related to decreasing anxiety, anger, and depression, and 

improving concentration; and appetite and weight control (WC, 5 items, α = .96) which 

appeared to form a distinct factor separate to other positive expectancies.  The three factors 

containing positive expectancies of smoking (PR, NR, and WC) were significantly inter-

correlated (r ranged from .41 to .64) but they were uncorrelated with NC. The full scale 

demonstrated strong internal consistency (α = .94) and good validity; SCQ smoking 

expectancies successfully differentiated between smokers of different experience levels, 

demonstrating that daily smokers held stronger levels of positive reinforcement and 

negative reinforcement expectancies than occasional and ex-smokers. Women were also 
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found to give higher expectancy ratings on the WC and NR subscales, regardless of 

smoking status. The only interaction between gender and smoking status was observed in 

ex-smokers where females rated NR expectancies as highly as female smokers, but males 

produced extremely low rating scores for that subscale.  

Wetter and colleagues (1994) subsequently established that the 4-factor model 

suggested by Brandon and Baker (1991) fits SCQ data more accurately than smaller 

models, although some researchers have since argued that there is potential for larger and 

better fitting models within specific populations (Copeland, et al., 1995; Schleicher, et al., 

2008). Others have queried the applicability of some scale items in specific populations, 

such as with adolescents (Lewis-Esquerre, et al., 2005; Wahl, et al., 2005), and it has been 

suggested that the use of college samples limited the generalisability of early SCQ results 

(Copeland, et al., 1995).   

Copeland and colleagues (1995) examined responses to the original pool of 80 

SCQ development items (Brandon & Baker, 1991), in 227 heavy current smokers (mean 

age = 35.5, CPD = 26.6), 126 heavy smokers commencing cessation treatment (mean age 

= 46.7, CPD = 28), and 54 ex-smokers (mean age = 44.5). They determined that a 55-item 

10-factor model best described the data. The ten factors suggested by this solution, which 

they refer to as the SCQ-Adult, are negative affect reduction (NAR, 9 items, α = .96), 

health risk (HR, 4 items, α = .92), social facilitation (SF, 5 items, α = .86), appetite and 

weight control (WC, 5 items, α = .96), addiction risk (ADD, 6 items, α = .83), negative 

physical feelings (NPF, 3 items, α = .83),  negative social impressions (NSI, 3 items, α = 

.83), stimulation/state enhancement (SE, 7 items, α = .89), taste/sensorimotor manipulation 

(TSM, 9 items, α = .88), and boredom reduction (BR, 4 items, α = .87). The SCQ-Adult 

had good internal consistency (α = .87), and good validity. Although desirability, 

likelihood, and therefore SEU responses were obtained in this study, the results 

demonstrated that the likelihood ratings best discriminated between smoking status groups 
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for both positive and negative expectancies. The NAR and BR subscales were also found 

to predict smoking rates at different points in time. Some gender differences were 

observed, although again there was no interaction with smoking status; women were found 

to give higher ratings on the HR, WC, and NSI subscales, while men produced higher 

ratings on the TSM subscale. Nicotine dependence was measured by an adjusted version of 

the Fagerström Tolerance Questionnaire (FTQ; Fagerström, 1978) and although it was 

positively correlated with six subscales (NAR, SE, SF, WC, ADD and BR), these 

relationships were small (r ranged from .12 to .20). 

Rash and Copeland (2008) subsequently created a brief version of the SCQ-Adult 

which they called the BSCQ-Adult, and they found that this 25-item version was also best 

described by a 10-factor model within a population of adult heavy smokers (mean age = 

36.49, CPD = 24.88, FTND = 5.96). Again, the measure demonstrated good internal 

consistency (α = .79) and good convergent validity. The noteworthy finding from these 

adult smoker studies is that they recommend SCQ models with larger numbers of factors 

than the original which supports the claim that expectancies become more refined with age 

and experience (S. A. Brown, 1993). A separate short version of the SCQ was created 

specifically for use with an adolescent substance abuse population (Myers, et al., 2003). 

This sample had a mean age of 19.1, consumed an average of 14.7 CPD, and were 

moderately dependent on nicotine (mean FTND = 4.4). The original Brandon and Baker 

(1991) 4-factor model fitted these data well which supports the idea that smoking 

expectancies in younger age groups are more global in nature. This study made no attempt 

to fit larger models, however, and evidence for a 9-factor smoking expectancy model was 

found by Schleicher and colleagues (2008) in an undergraduate sample with similar age (M 

= 19.06) and CPD (M = 11.8), but lower FTND scores (M = 2.6).  

In addition to uncertainty regarding the best SCQ factor model for use with 

adolescents, Lewis-Esquerre and colleagues (2005) have argued that a more fundamental 



121 

 

problem exists regarding the age- and experience-related validity of some of the SCQ 

items for this age group. Several smoking expectancies considered important for 

adolescents, such as peer relationships and image (Hine, Tilleczek, Lewko, McKenzie-

Richer, & Perreault, 2005; Lewis-Esquerre, et al., 2005), were under-represented in the 

original scale. The Adolescent-SCQ was developed by Lewis-Esquerre and colleagues 

(2005) as a 38-item smoking expectancy measure that could be used in an adolescent 

sample heterogeneous in smoking experience. Again, the items were drawn from the 

original 80 SCQ items (Brandon & Baker, 1991). Even among these relatively 

inexperienced smokers, a 7-factor structure was found to best fit the data. Five factors 

represented positive smoking expectancies: NAR (8 items, α = .88); TSM (2 items, α = 

.78); SF (8 items, α = .77); WC (5 items, α = .79); and BR (2 items, α = .63). Two factors 

represented negative expectancies: NPF (3 items, α = .66) and NSI (3 items, α = .56). No 

expectancies associated with health risk, addiction risk, or with stimulation/state 

enhancement remained in the final scale. Non-smokers endorsed significantly less positive 

expectancies than smokers on all scales other than WC. Both groups held similar 

expectancies regarding NAR but non-smokers rated NSI significantly higher than smokers. 

Gender differences were not examined as part of this study. 

4.1.2  Limitations of the current scales 

Research supports the validity of the SCQ scale as an explicit smoking expectancy 

measure. Findings in a number of age groups suggest that smoking expectancies can differ 

with age and experience, so population-specific measures, with larger factor structures 

than the original 4-factor model, may offer more comprehensive detail regarding smoking 

expectancies in specific age-groups. This can be helpful when revising prevention and 

treatment programmes appropriate to these age groups (Schleicher, et al., 2008). The 

difficulty with this approach is that if the SCQ continues to develop within increasingly 

narrower populations, the resulting measures will become so specialised that their results 
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are no longer generalisable to a wider population. Also problematic is the fact that 

although age-specific versions of the SCQ contain items particularly relevant to an age 

group, they also omit important consequences that merit further investigation; for example, 

including popularity expectancies in the adolescent version while omitting serious health 

risks and addiction-related items (Lewis-Esquerre, et al., 2005). Recent evidence suggests 

that adolescents are aware of these negative consequences (Brady, et al., 2008) and this 

view is supported by the findings of Study 1 of this thesis, as presented in Chapter 2. 

Research investigating the developmental aspects of smoking behaviour requires 

measures that are valid within more heterogeneous populations. The main purpose of the 

two studies presented in this chapter was to develop and validate a revised SCQ scale for 

use in diverse age and smoking experience groups. Study 1 participants, previously 

described in Chapter 2, constituted the developmental sample which was used to determine 

the most appropriate items and factor structure for measuring smoking expectancies in a 

diverse group. The recommended measure was then validated using a new larger sample of 

both adolescent and adult smokers, non-smokers, and ex-smokers (Study 3). The 

psychometric properties of the new scale were examined in both studies and it was 

expected that a factor structure, larger than the original 4-factor Brandon and Baker (1991) 

model, would best fit the data. Between-group differences were examined to establish 

scale validity and it was hypothesised that the new scale would be capable of 

distinguishing between participants of varied smoking status. Although previous studies 

did not examine developmental differences in smoking expectancies, given the findings in 

Chapter 2, it was expected positive smoking expectancies would be associated with current 

smoking and younger age, but also with increased levels of use and dependence, whereas 

negative expectancies were expected to be associated with non-smoking status, older age, 

and also increased levels of use and dependence. Finally, it was hypothesised that women 

would more readily endorse negative smoking expectancies, and those specifically related 
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to weight control, than men, although it was felt unlikely that gender would interact with 

either smoking status or age. 

4.2  Development of a revised SCQ scale 

Data collected as part of Study 1 was used to develop a version of the SCQ scale 

that could be used in a sample of different ages and varied smoking status. 

4.2.1  Method 

4.2.1.1  Participants.   The 231 participants described in Chapter 2 took part in this 

study. Again they were grouped by smoking status (smoker and non-smoker) and age 

(adolescents: 15 to 18 years, young adults: 19 to 25, and older adults: 26 to 40). Groups 

comprised of 89 smokers (32, 27, 29) and 142 non-smokers (83, 30, 29). 

4.2.1.2  Measures.    

Revised Smoking Consequences Questionnaire.  A 38-item revised-SCQ was 

created which included 29 of the original SCQ items (Brandon & Baker, 1991) that were 

common to the Adolescent-SCQ (Lewis-Esquerre, et al., 2005) and the SCQ-Adult 

(Copeland, et al., 1995), and an additional nine expectancies selected from the age-specific 

SCQ versions. Given the importance of SF expectancies to adolescents (Lewis-Esquerre, et 

al., 2005), five additional items were selected from the Adolescent-SCQ SF scale; two 

items related to image, two to popularity, and one to being generally more friendly and 

outgoing. Two other items were chosen from the Adolescent-SCQ scale. The first related 

to the look and feel of a cigarette in the mouth and it was chosen as it was one of only two 

taste-related items in the Adolescent-SCQ and it had a very high factor loading (.93). The 

second related to the expectancy that smoking would help people stay slim. It was chosen 

due to the clarity of its wording, in comparison to similar items already in the scale, as the 

association between weight management and smoking seems particularly strong in 

adolescents and in young adults (Camp, Klesges, & Relyea, 1993; Harakeh, Engels, 

Monshouwer, & Hanssen, 2010). The final two items included in the scale were taken 
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from the SCQ-Adult (Copeland, et al., 1995); the first related specifically to the handling 

of a cigarette and the second to group belonging, two expectancies not specifically covered 

by any other scale item.  

Some minor wording adjustments were needed to ensure consistency in the 

revised-SCQ scale. For the most part, the original SCQ wording was maintained. Items 

taken directly from the Adolescent-SCQ were reworded to use the 1
st
 person singular, and 

in three cases the simplified adolescent wording was retained. The 38 items, their sources, 

and any wording changes made, are presented in Table 4.1. Participants responded to each 

item using a Likert scale running from 1 (Extremely unlikely) to 6 (Extremely likely). 

Desirability ratings were not assessed given the poorer validity associated with this 

measure. 

Demographics and smoking history.  Participants completed demographic, 

smoking history, and nicotine dependence measures as described in Chapter 2. 

4.2.1.3  Procedure.  The procedure for this study has been outlined in Chapter 2. 

Participants completed the full set of SCQ items immediately after the free association 

task, and before any other tasks. 

4.2.1.4  Data Analysis.  All data analyses were carried out using SPSS 19 (SPSS 

Inc., Chicago, Illinois 60606, US). An EFA was conducted to determine the most 

appropriate item and factor structure for the revised-SCQ. Based on previous research that 

demonstrates a relationship between SCQ factors themselves, an oblique (direct oblimin) 

rotation method was applied to permit multi-factorial solutions with correlated factors. The 

Kaiser-Meyer-Olin measure was used to assess sampling adequacy, and Bartlett’s test of 

sphericity evaluated data adequacy. Cattell’s (1966) scree test was used to determine the 

number of factors to extract. A factor loading of 0.4 on the pattern matrix was used as the 

criterion for   
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Table 4.1 List of Revised-SCQ Items with their Original Sources, Factor Assignments, and 

an Indication of Wording Changes Made Where Applicable. 

Item Valence Brandon and 

Baker (1991) 

Copeland et 

al. (1995) 

Lewis-Equerre 

et al. (2005) 

1 When I’m angry, a cigarette can calm me down. Pos 
 NR  NAR 

a
 NAR 

2 By smoking I risk heart disease and lung cancer. Neg  NC  HR   

3 Cigarettes taste good. Pos  PR  TSM  TSM 

4 If I’m tense, a cigarette helps me to relax. Pos  NR  NAR   

5 Cigarettes help me deal with anxiety or worry. Pos 
 NR  NAR 

 b 
 NAR 

6 Smoking makes me look ridiculous or silly. Neg 
c
 NC 

 c
 NSI 

 a
 NSI 

7 The more I smoke, the more I risk my health. Neg  NC 
 
 HR   

8 I enjoy parties more when I am smoking. Pos 
 PR  SF 

 a
 SF 

9 Just handling a cigarette is pleasurable. Pos    TSM   

10 If I have nothing to do, a smoke can help kill time. Pos 
 PR  BR 

 ab
 BR 

11 I feel more at ease with other people if I have a cigarette. Pos 
 PR  SF 

 ab
 SF 

12 Smoking makes me look tough or cool. Pos     
 a
 SF 

13 Smoking makes me feel older or more mature. Pos     
 a
 SF 

14 Cigarettes help me concentrate. Pos 
 NR   

 a
 NAR 

15 Cigarettes keep me from overeating. Pos 
 WC  WC 

 a
 WC 

16 Smoking makes me seem less attractive. Neg 
 NC  NSI 

 a
 NSI 

17 I will become more dependent on nicotine if I continue smoking. Neg  NC  Add   

18 When I am worrying about something, a cigarette is helpful. Pos    NAR 
 ab

 NAR 

19 Cigarettes make my lungs hurt. Neg 
 NC  NPF 

 a
 NPF 

20 The look and feel of a cigarette in my mouth is good. Pos     
 a
 TSM 

21 My throat burns after smoking. Neg 
 NC  NPF 

 a
 NPF 

22 People look up to those who smoke. Pos     

 SF 

23 Cigarettes are good for dealing with boredom. Pos  PR  BR   

24 People think less of me if they see me smoking. Neg  NC  NSI   

25 I feel like part of a group when I’m around other smokers. Pos    SF   

26 Smoking helps if I feel bad about myself. Pos 
 c
 NR   

 a
 NAR 

27 Smoking calms me down when I’m feeling nervous. Pos  NR  NAR   

28 Smoking helps me stay slim. Pos     
 a
 WC 

29 Smoking gives me something to do with my hands. Pos 
 b
 PR   

 a
 BR 

30 Smoking will make me cough. Neg 
 NC   

 a
 NPF 

31 People gain weight when they stop smoking. Pos 
 c
 WC 

 c
 WC  WC 

32 I think most popular people smoke cigarettes. Pos     
 a
 SF 

33 Smoking irritates my mouth and throat. Neg 
 NC  NPF 

 ab
 NPF 

34 Smoking helps me control my weight. Pos 
 WC  WC 

 ab
 WC 

35 When I’m upset with someone, a cigarette helps me cope. Pos 
 NR  NAR 

 ab
 NAR 

36 I become more addicted the more I smoke. Neg  NC  Add   

37 Smoking controls my appetite. Pos 
 WC  WC 

 ab
 WC 

38 Smoking makes me feel more friendly or outgoing. Pos      SF 

Note. Pos, Positive; Neg, Negative  

a 
The source item was written in the 3rd person; 1st person wording from the original SCQ item was retained.  

b 
This item covers a similar expectancy to that covered in the original albeit with slightly different wording; original SCQ 

item retained. 

c 
This item covers a similar expectancy to that covered in the original; the Adolescent-SCQ wording retained as more 

suited to younger participants. 
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establishing if the item loaded significantly onto any given factor (Tabachnick & Fidell, 

2007) and the internal consistency of the scale was measured using Cronbach’s alpha. 

Subscale scores were calculated as the average score for items loading onto that factor.  

Concurrent validity was examined using a 2 (smoking status) x 3 (age) x 2 (gender) 

multivariate analysis of variance (MANOVA) to assess the association of each of the 

subscale scores with smoking status, age, and gender groups. All p-values presented in 

between-group post-hoc analyses are Bonferroni corrected using the SPSS general linear 

model post-hoc Bonferroni correction function. Subscale scores were then correlated with 

nicotine dependence (FTND), use (CPD), and age smoking and daily smoking 

commenced.  

4.2.2  Results  

 Missing data were found for 17 participants who were removed from the analysis, 

leaving a total of 214. Groups comprised of 85 smokers (30, 26, 29), and 129 non-smokers 

(71, 30, 28). Characteristics of these participants are displayed in Table 4.2, along with 

average use and dependence characteristics for each smoking group.  

 

Table 4.2 Mean Demographic Profile (Standard Deviations) of Smoker and Non-smoker 

Participants in each Age Group.  

 Adolescents Young Adults  Older Adults  

 Smoker Non-S Smoker Non-S Smoker Non-S 

 n = 30 n = 71 n = 26 n = 30 n = 29 n = 28 

Female 16 30 17 22 15 20 

Male 14 41 9 8 14 8 

Age 

 

17.42 

 (0.92) 

16.66 

 (0.83) 

23.20 

 (2.08) 

22.88  

(1.89) 

33.30 

(3.90) 

32.34  

(0.95) 

Smoking History      

Age Start 14.02 (1.94) 15.58 (2.63) 15.00 (3.11) 

Age Daily 15.38 (1.55) 17.48 (2.43) 16.91 (2.81) 

CPD 7.57 (5.14) 8.25 (6.31) 11.74 (6.51) 

FTND 2.33 (2.02) 1.96 (2.66) 2.41 (2.29) 

      Note. Non-S, non-smoker; CPD, number of cigarettes smoked per day. 
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 A principal component analysis (PCA) was carried out on the 38 scale items. The 

Kaiser-Meyer-Olin measure found excellent sampling adequacy for the analysis, KMO = 

.91 (Hutcheson & Sofroniou, 1999), and all KMO values for individual items were greater 

than the recommended value of 0.5 (A. Field, 2009). Bartlett’s test of sphericity, χ
2
 (703) = 

5546.5, p < .001, also indicated that between-item correlations were sufficiently large for 

PCA. Potential 7-factor and 8-factor models were suggested by the scree plot. Both models 

were subjected to direct oblimin rotations (∆ = 0) and examined for suitability and ease of 

interpretation.  The 7-factor model explained 66% of the total variance in smoking 

expectancy items, while the 8-factor model explained 68.63% of total variance. 

Difficulties with factor loadings emerged on closer inspection of both models. Six items 

were found to have similar loadings onto more than one factor, and for five of these items, 

all loadings were less than 0.5. The six items were numbers 3, 11, 20, 25, 32 and 38 (see 

Table 4.1). Of the initial 38 items, 32 were retained and all had pattern matrix loadings 

greater than .47. 

A PCA with direct oblimin rotations (∆ = 0) was carried out on the remaining 32 

items. Both the Kaiser-Meyer-Olin measure (KMO = .9) and Bartlett’s test of sphericity 

(χ
2
 (496) = 4570.24, p < .001) indicated that the data remained suitable for analysis. The 

scree plot again suggested possible 7-factor and 8-factor solutions. The 7-factor model 

explained 68.78% of the total variance, however the 8-factor model was deemed to be 

more suitable as it accounted for 71.73% of total variance and good simple structure had 

been achieved with all factor loadings within the model exceeding 0.4.  

Items with factor loadings greater than 0.7 were used to define the factors which 

were labelled in accordance with expectancy factor labels commonly used across SCQ 

scale versions (Brandon & Baker, 1991; Copeland, et al., 1995; Lewis-Esquerre, et al., 

2005). Four factors described negative smoking expectancies: negative physical feelings 

(NPF, 4 items), addiction risk (ADD, 2 items), health risks (HR, 2 items), and negative 
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social impressions created by smoking (NSI, 3 items). The remaining four factors 

described positive smoking expectancies: negative affect reduction (NAR, 9 items), social 

facilitation (SF, 3 items), the weight control (WC, 5 items), and positive reinforcement 

expectancies (PR, 4 items). The item loadings and internal consistency measures 

associated with each of the eight factors are presented in Table 4.3. Values below 0.4 have 

been suppressed for clarity. The 32 retained items combined to form the new 

heterogeneous smoking consequences questionnaire which will subsequently be referred to 

as the H-SCQ.  

4.2.2.1  Reliability and factor inter-correlations Coefficient (Cronbach’s) alpha 

reliabilities were calculated for the H-SCQ as a whole (0.88) and for each of the factors. 

High reliability values were found for the NAR ( = .95), WC ( = .87), PR ( = .82), SF 

( = .81), and NPF ( = .80) subscales which are comparable to previously reported adult 

(Copeland, et al., 1995), young adult (Brandon & Baker, 1991), and adolescent (Lewis-

Esquerre, et al., 2005) values. While reliability for the NSI subscale ( = .67) is lower than 

found in previous adult samples, is it higher than that found for adolescents (Lewis-

Esquerre, et al., 2005). Reliability was also lower for the HR ( = .56) and ADD ( = .59) 

subscales, although comparison could only be made with previous adult samples as these 

factors were not included in the adolescent SCQ. Examination of the correlations between 

subscales demonstrated that the NAR scale was negatively correlated with PR (-.28), and 

also with WC (-.34) and NSI (-.28), but positively correlated with SF (.28); the WC and 

PR subscales were themselves negatively correlated (.33). In each case the correlations 

were small-to-medium. The NPF subscale was positively correlated with NSI (.25) and HR 

(-.21), which were themselves positively correlated (.17), but again the correlations were 

small. 
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Table 4.3 Direct Oblimin (∆ = 0) Rotated Factor Loadings for the 32 Retained H-SCQ 

Items. 

  Rotated Factor Loadings 

 Item NAR NPF SF WC Add HR PR NSI 

4 If I’m tense, a cigarette helps me to relax.   .89        

1 When I’m angry, a cigarette can calm me 

down. 

  .88        

5 Cigarettes help me deal with anxiety or 

worry. 

  .87        

18 When I am worrying about something, a 

cigarette is helpful. 

  .86        

27 Smoking calms me down when I’m feeling 

nervous. 

  .80        

35 When I’m upset with someone, a cigarette 

helps me cope. 

  .74        

14 Cigarettes help me concentrate.   .67        

8 I enjoy parties more when I am smoking.   .60        .47  

26 Smoking helps if I feel bad about myself.   .57        

33 Smoking irritates my mouth and throat.    .73       

21 My throat burns after smoking.    .70       

30 Smoking will make me cough.    .70       

19 Cigarettes make my lungs hurt.    .65       

12 Smoking makes me look tough or cool.     .89      

13 Smoking makes me feel older or more mature.     .84      

22 People look up to those who smoke.     .67      

34 Smoking helps me control my weight.    -.91     

37 Smoking controls my appetite.    -.87     

28 Smoking helps me stay slim.    -.81     

31 People gain weight when they stop 

smoking. 

   -.60     

15 Cigarettes keep me from overeating.    -.60     

17 I will become more dependent on nicotine 

if I continue smoking. 

    -.90    

36 I become more addicted the more I smoke.    .46   -.57    

2 By smoking I risk heart disease and lung 

cancer. 

       .89   

7 The more I smoke, the more I risk my 

health. 

       .69   

10 If I have nothing to do, a smoke can help kill 

time. 

  .48        .49  

29 Smoking gives me something to do with 

my hands. 

   -.41     .48  

23 Cigarettes are good for dealing with 

boredom. 

  .45        .46  

9 Just handling a cigarette is pleasurable.         .40  

16 Smoking makes me seem less attractive.          .78 

6 Smoking makes me look ridiculous or 

silly. 

         .68 

24 People think less of me if they see me 

smoking. 

         .50 

          

 Eigenvalues (following rotation) 9.23 3.43 3.72 5.13 1.58 1.87 3.05 3.26 

Note.   Pattern matrix loadings are reported ; items in bold represent retained factor items; values below 0.4 

have been suppressed; NAR, negative affect reduction; NPF, negative physical feeling; SF, social 

facilitation; WC, weight control; Add, addiction risk; HR, health risk; PR, positive reinforcement; NSI, 

negative social impression. 
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4.2.2.2  Between-group differences.  Concurrent validity was examined by looking 

at smoking status, age, and gender differences in H-SCQ scores. A 2 (smoking status) X 3 

(age group) X 2 (gender) MANOVA of subscale scores found a significant smoking status 

by age interaction using Pillai’s trace; V = 0.17, F(16,392) = 2.27, p < .01, ηp
2 

=.09, and a 

significant smoking status by gender interaction using Pillai’s trace; V = 0.11, F(8,195) = 

3.07, p < .01, ηp
2 

=.11. For clarity, the post-hoc analysis for each interaction will be 

presented separately. 

Smoking status and age group differences. Mean subscale scores for smokers and 

non-smokers in each age group were calculated for each of the factors in the H-SCQ scale 

and these are presented in Table 4.4.  

 

Table 4.4 Mean H-SCQ Subscale Scores (Standard Deviation), by Smoking Status and 

Age.  

 Adolescents Young Adults  Older Adults  

 Smoker Non-S Smoker Non-S Smoker Non-S 

 n = 33 n =71 n =26 n = 30 n =29 n =28 

NAR 4.67 (0.79) 2.52 (1.35) 4.37 (0.81) 3.36 (1.49) 3.94 (0.99) 2.96 (1.75) 

NPF 3.12 (1.11) 4.63 (1.06) 3.69 (0.89) 4.32 (1.17) 3.82 (0.96) 4.47 (1.02) 

SF 2.24 (1.67) 2.24 (1.30) 2.21 (1.20) 2.57 (1.14) 1.67 (0.73) 2.24 (1.14) 

WC 2.99 (1.54) 2.99 (1.16) 3.57 (1.30) 3.35 (1.20) 3.28 (1.23) 3.49 (1.23) 

Add 5.12 (1.10) 5.00 (1.19) 4.88 (1.22) 5.22 (1.32) 4.60 (1.11) 5.14 (0.94) 

HR 5.37 (1.05) 5.68 (0.55) 5.42 (0.63) 5.63 (0.60) 5.50 (0.55) 5.61 (0.66) 

PR 3.68 (1.16) 2.52 (1.19) 4.44 (1.05) 2.94 (1.45) 3.91 (1.09) 3.29 (1.39) 

NSI 2.99 (1.16) 4.16 (1.11) 3.45 (1.02) 3.77 (0.98) 3.94 (0.95) 3.83 (1.01) 

   Note. Non-S, non-smoker; NAR, negative affect reduction; NPF, negative physical feeling; SF, social       

   facilitation; WC, weight control; Add, addiction risk; HR, health risk; PR, positive reinforcement; NSI,  

   negative social impression. 

 

In order to identify the source of the smoking status by age interaction, separate 2 

(smoking status) X 3 (age) ANOVAs were run on each of the subscales. Significant 

smoking status by age interactions were found on the three of the revised SCQ subscales: 

NAR, F(2,208) = 5.0, p < .01, ηp
2 

= .05.; NPF, F(2,208) = 4.16, p < .05, ηp
2 

= .04.; and NSI 

F(2,208) = 6.77, p < .01, ηp
2 

= .06 (see Figure 4.1).  
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(a) NAR 

 

(b) NPF 

 

(c) NSI 

 

Figure 4.1 Mean smoking status by age H-SCQ subscale scores for NAR, NPF, and NSI 

expectancies. Error bars represent standard errors. 
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Post-hoc analysis of the NAR subscale demonstrated that smokers rated NAR 

expectancies significantly higher than non-smokers in each age group: adolescents, t(99) = 

8.15, p < .001, d = 1.78; young adults, t(54) = 3.06, p < .01, d = 83; and older adults, t(55) 

= 2.62, p < .05, d = .70.  Within the smoking group, adolescents rated NAR expectancies 

significantly higher than older adults (p < .01) whereas in the non-smoking group, 

adolescents rated these expectancies significantly lower than young adults (p < .05). No 

other significant differences were found. Post-hoc analysis of the NPF subscale 

demonstrated that smokers rated NPF expectancies significantly lower than non-smokers 

in each age group: adolescents, t(99) = 6.43, p < .001, d = 1.41; young adults, t(54) = 2.22, 

p < .05, d = .61; and older adults, t(55) = 2.49, p < .05, d = .66.  Within the smoking group, 

adolescents rated NPF expectancies significantly lower than older adults (p < .05); no 

other significant differences were found. Post-hoc analysis of the NSI subscale 

demonstrated that adolescent smokers rated NSI expectancies significantly lower than 

adolescent non-smokers, t(99) = 4.80, p < .001, d = 1.05. Within the smoking group, 

adolescents rated NSI expectancies significantly lower than older adults (p < .01); no other 

significant differences were found 

The 2 (smoking status) X 3 (age) ANOVA analysis of the PR scale revealed both a 

main effect of smoking status, F(1,208) = 37.92, p < .001, ηp
2 

= .15, and a main effect of 

age, F(1,208) = 4.81, p < .01, ηp
2 

= .04, but no significant interaction. Post-hoc t-tests 

revealed that smokers rated PR expectancies significantly higher than non-smokers, t(212) 

= 6.89, p < .001, d = .97. Post-hoc analysis also revealed that adolescents rated PR 

expectancies as significantly less likely than both young adults (p < .01) and older adults 

(p < .01). Only a significant main effect of smoking status was found in the analysis of the 

HR scale, F(1,208) = 4.71, p < .05, ηp
2 

= .02, and post-hoc t-tests revealed that smokers 

rated HR expectancies significantly lower than non-smokers, t(212) = 2.43, p < .05, d = 

.34. No significant differences were found on the SF, WC or ADD scales.  
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Gender differences. In order to further examine the smoking status by gender 

interaction, separate analyses of each subscale revealed a smoking status by gender 

interaction for the NSI scale only, F(1,210) = 13.31, p < .01, ηp
2 

= .05. Female smokers 

gave significantly higher NSI ratings (M = 3.72, SD = 1.22) than male smokers (M = 3.11, 

SD = 0.84), t(83) = 2.61, p < .05, d = .58. The opposite pattern was seen among non-

smokers with males (M = 4.23, SD = 1.2) giving higher NSI ratings than females (M = 

3.81, SD = 0.92), although this difference was not significant when adjusted for multiple 

comparisons. A main effect of gender was also found for the WC subscale, F(1,210) = 

22.26, p < .001, ηp
2 

= .10, where females (M = 3.54, SD = 1.25) gave significantly higher 

ratings than males (M = 2.8, SD = 1.16). No other significant effects of gender were found.  

4.2.2.3  Correlations with tobacco use. Within the smoking group, Pearson 

correlations were examined between H-SCQ-subscale scores and four measures of tobacco 

use; nicotine dependence (FTND), cigarette use (CPD), age smoking started, and age daily 

smoking commenced. As presented in Table 4.5, a number of significant but small to 

moderate correlations were found with FTND, CPD, and the age when smoking started. 

The strongest correlations were found between the age at which daily smoking 

commenced and the NAR and PR subscales. 

 

Table 4.5 H-SCQ Factor Correlations with Nicotine Dependence, Cigarette Use, and Age 

Smoking and Daily Smoking Commenced. 

H-SCQ Scale NAR SF WC PR NPF HR NSI ADD 

FTND   .39** -.18**    .33** -.28** -.25** -.19**  

CPD   .28** -.24*    .23*     

Age Start   .36** -.35**    .32** -.42**    

Age Daily   .51** -.33**   .21*   .50** -.30**    

         Note. NAR, negative affect reduction; SF, social facilitation; WC, weight control; PR, positive  

         reinforcement; NPF, negative physical feeling; HR, health risk; NSI, negative social impression; ADD,       

         addiction risk;  ** p < .01; * p < .05 
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4.3  Validation of the H-SCQ scale 

Data from a larger and more diverse sample, gathered as part of Study 3, were used 

to validate the H-SCQ. An 8-factor baseline model was created from the results of the EFA 

analysis and Confirmatory Factor Analysis (CFA) was used to assess model fit. The factor 

structure, reliability and concurrent validity of the new scale were compared to that found 

in the developmental sample. 

4.3.1  Method 

4.3.1.1  Participants.  A total of 1074 participants, grouped by smoking status 

(smoker, ex-smoker, and non-smoker) and age (adolescents: 15 to 18 years, young adults: 

19 to 25, and older adults: 26 to 45), took part in this research as part of a larger study. 

Twenty-eight participants had large amounts of missing SCQ data and were therefore 

excluded from the analysis, leaving a total of 1046. Groups comprised of 328 smokers 

(170, 106, 52), 122 ex-smokers (34, 20, 68), and 596 non-smokers (375, 146, 75). A full 

breakdown of participant characteristics is presented with the results. Adult participants 

were recruited via posters and emails. Some were undergraduate students who participated 

in exchange for research credits, others for entry into a draw for €50. Adolescents were 

recruited from four post-primary schools, where the principal had given prior consent for 

the school to participate in the research. A combination of adolescent and young adult 

participants were also recruited from eight youth reach groups, again with prior group 

leader consent. The study was approved by the School of Psychology Research Ethics 

Committee in Trinity College Dublin (see Appendix 6). All participants provided formal 

written consent prior to commencing the study and parental consent was also provided for 

those under the age of 18 (see Appendix 7).  

4.3.1.2  Measures.   The measures analysed in this study formed part of a larger 

survey. The other elements of this survey will be presented in the next chapter.    
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Revised Smoking Consequences Questionnaire.  As in Study 1, participants 

completed the revised 38-item SCQ. This was completed as the second element of the 

survey, following a free association task (as in Study 1). Participants also completed the 

same demographic, smoking history, and FTND measures as before. These formed that 

last section of the survey (as in Study 1).   

4.3.1.3  Procedure.  This study followed the same procedure used in Study 1 when 

testing adolescents in the four post-primary schools and in seven of the eight youth reach 

groups. In all cases, these participants completed one of six paper versions of the 

questionnaire; multiple versions were used to alternate the sequence of later elements in 

the survey which are not applicable for analysis here. Participants in one youth reach 

group, and all other adult participants, completed the survey online via SurveyGizmo 

(Widgix, LLC, Boulder, CO, USA).  

4.3.1.4  Data Analysis.  A missing values analysis was first carried out using SPSS 

19 (SPSS Inc., Chicago, Illinois 60606, US). Confirmatory Factor Analysis (CFA), using 

the maximum-likelihood method (ML) was then conducted in AMOS 19 (SPSS Inc., 

Chicago, Illinois 60606, US) to determine the suitability of the 8-factor H-SCQ structure 

suggested in Study 1. Consistency across multiple indices is suggested to be most 

indicative of model fit (Mulaik et al., 1989) so a variety of goodness-of-fit indices are 

reviewed for each analysis; the chi-square goodness-of-fit statistic (χ
2
), the Comparative 

Fit Index (CFI), the Tucker-Lewis Index (TLI), the Normed Fit Index (NFI), and the root-

mean-square error of approximation (RMSEA). A non-significant chi-square test indicates 

good model fit, but the chi-square test is sensitive to sample size which can result in the 

rejection of reasonable models when the sample size is large (Bryant & Yarnold, 1995). 

CFI, TLI, and NFI indices have values ranging from 0 to 1 and good model fit is indicated 

by a value greater than .90 (Bentler & Bonett, 1980), with values near or greater than .95 

indicating excellent model fit (Hu & Bentler, 1999). RMSEA values of .10 or below are 
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required; well-fitting models will range from .05 to .08 (Vandenberg & Lance, 2000) and 

models with moderate fit from .08 to .10 (MacCallum, Browne, & Sugawara, 1996). 

Modification indices were reviewed for factor cross-loadings and error covariances. Where 

substantive rationale existed for re-specifying the model, an adjusted version was created. 

These adjusted models were reviewed in a nested fashion which facilitated the use of chi-

squared difference tests to examine improved model fit; a significant difference indicates 

that the model associated with the smaller chi-square value demonstrates a better fit to the 

data (Kline, 2010).  

The resulting model was then examined for multi-group invariance which 

essentially compares the factor structure of the H-SCQ across participant groups. Given 

the size of the sample, it was not possible to evaluate model invariance across nine 

combined smoking status and age groups. Instead, multi-group invariance tests were 

carried out first by smoking status, and then by age, using the AMOS multi-group 

functionality (Byrne, 2008). Factorial invariance is tested by comparing a model that 

constrains the factor loadings (measurement model) with a model that has no constraints 

(configural model). The classical approach to arguing for evidence of invariance is to 

demonstrate a non-significant change in the chi-square value (Byrne, 2008), although 

recent researchers suggest that this is a very stringent test and that it may be more 

reasonable to base invariance decisions on a difference in CFI values (Cheung & 

Rensvold, 2002), where evidence of non-invariance is based on a CFI difference exhibiting 

a probability of < 0.01. Structural equivalence is assessed in the same way by comparing a 

model that additionally constrains the factor covariances (structural model) with the 

configural model. Equivalence across groups would mean that the H-SCQ scale was 

capable of assessing the same smoking expectancy constructs for people with varied 

smoking status, and across people of different ages. Analysis of scale reliability, inter-scale 
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correlations, between-group differences, and correlations between smoking expectancies 

and smoking behaviour were conducted as in Study 1 (see section 4.2.1.4).   

4.3.2  Results 

4.3.2.1  Participant characteristics. Nine participants had more than 5% missing 

data and were excluded from further analysis. Only 19 of the remaining 1,065 participants 

had incomplete data and these were also removed from the analysis
4
. Data from the 

remaining 1,046 participants were analysed. Their demographic profile and the average 

use and dependence characteristics of each smoking group are presented Table 4.6.  

Table 4.6 Demographic Profile, Means (Standard Deviations), of Smoker, Ex- and Non-

smoker Participants Including a Breakdown of Demographic Characteristics by Age.  

 Adolescents Young Adults  Older Adults  

 Smoker Ex-S Non-S Smoker Ex-S Non-S Smoker Ex-S Non-S 

 n = 170 n = 34 n = 375 n = 106 n = 20 n = 146 n = 52 n = 68 n = 75 

Female 79 19 229 60 18 118 31 47 60 

Male 91 15 146 46   2 28 21 21 15 

Age 

 

16.84 

 (0.94) 

16.94 

 (0.98) 

16.46  

(0.96) 

20.65 

 (1.78) 

21.50 

 (2.07) 

21.06  

(1.94) 

33.27 

(6.06) 

37.96 

 (9.08) 

35.15 

 (6.99) 

Smoking History         

Age Start 13.38  

(2.24) 

13.81 

 (1.44) 

 14.69  

(2.73) 

14.85  

(2.19) 

 15.12  

(2.48) 

15.57  

(3.72) 

 

Age Daily 13.97  

(3.19) 

14.19  

(3.14) 

 12.56*  

(6.94) 

12.79*  

(6.37) 

 14.49*  

(7.00) 

17.61 

 (5.19) 

 

CP D 9.61  

(6.71) 

  9.41 

 (8.00) 

  18.39  

(35.53) 

  

FTND 2.52  

(2.43) 

  2.03  

(2.33) 

  2.08  

(2.16) 

  

Note. Ex-S, ex-smoker; Non-S, non-smoker; CPD,  number of cigarettes smoked per day.  

*Not all smokers are daily smokers but those that are started younger. 

 

Some age differences were observed in comparison to participants in the 

development sample. Adolescent smokers in this validation sample were significantly 

younger, t(198) = 3.11, p < .01, d = .61. Young adult smokers and non-smokers were also 

                                                 
4
 When these 19 participants were retained, and missing values imputed using SPSS Expectation 

maximization functionality, the overall model fit and item level assessment remained the same. It was 

therefore viewed to be more correct to remove these participants from the data analysis.  
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significantly younger, t(130) = 6.33, p < .001, d = 1.39 and t(174) = 4.70, p < .001, d = .94 

respectively. No other significant age differences were found. Young adult smokers also 

commenced daily smoking at a younger age than those in the developmental sample, 

t(114) = 3.34, p < .01, d = .78, but no differences were found for use or dependence 

measures in this age group, nor were any significant differences found for smoking-related 

variables in the other age groups. Gender distribution within the groups was also examined 

and only one significant difference was found. This was observed in the adolescent non-

smoking groups, U = 10808, p < .01, r = -0.14, but the effect size was very small.  

4.3.2.2  CFA of the H-SCQ scale.  An assessment of multivariate normality 

indicated that the H-SCQ data were suitable for CFA analysis. Although no clear 

consensus exists in terms of the size of problematic kurtosis values (Kline, 2010), a 

standardised kurtosis index (β2) greater than or equal to 7 is typically used a guide to 

indicate early departure from normality (Finch, West, & MacKinnon, 1997). Only two H-

SCQ items were identified as being potentially problematic, item two (β2 = 7.84) and item 

seven (β2 = 7.99). Both dealt with expectancies of smoking-related health risk and both 

loaded on the same factor, which in turn had no other item loadings. Kurtosis values for 

the remaining items ranged from -1.47 to +2.61. Overall, the data were deemed to be 

sufficiently normal to proceed with the CFA analysis. 

Model fit was assessed for the 8-factor H-SCQ model suggested by the EFA 

analysis in Study 1. In the baseline CFA model (A), items were only allowed to load onto 

one factor. The factors themselves were allowed to freely correlate. The analysis of model 

A indicated that it achieved good fit as measured by the RMSEA index, but only moderate 

fit based on the CFI, TLI, and NFI indices (see Table 4.7). The chi-square test resulted in a 

significant p value, χ2 = 2108.42, df = 436, p < .001, which does not automatically indicate 

a poor model fit given the sensitivity of the CFA to sample size (Bryant & Yarnold, 1995). 

No significant factor cross-loadings were found on examination of the modification 
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indices, however, significant error covariances were found for four item pairs. These will 

be examined in descending order of the modification index (MI) strength.  

Items 1 and 4 (MI = 135.59) both referred to NAR expectancies, were phrased in a 

similar way “When I’m angry ...” and “If I’m tense ...”, and the partial correlation for their 

error variances was 0.34. Items 4 and 5 (MI = 95.15) also referred to NAR expectancies, 

dealt with tension reduction outcomes of smoking, and error variances were partially 

correlated with a value of 0.25. In both cases, the presence of a common secondary 

influence is suggested. Items 8 and 9 (MI = 92.61) demonstrated the largest partial error 

variance correlation of 0.56. Although item 8 referred to increased enjoyment of social 

situations when smoking and item 9 referred to the pleasurable sensation felt when 

handling a cigarette, both items deal with positive expectancies of smoking and a 

prevailing feeling of enjoyment. Finally, a partial correlation of 0.31 was found for the 

error variances of items 14 and 15 (MI = 50.20). Item 14 dealt with the ability of cigarettes 

to improve concentration and item 15 with the ability of smoking to restrain over-eating. 

Both could be said to relate to outcomes of improved focus.  

Taken together, these MIs suggest that a better model fit could be achieved by 

allowing some error variances to freely correlate. As a result amended models were 

created, in a nested fashion, such that error covariances for item pairs with the largest MI 

were tested first. Model fit and modification indices were examined for each new model in 

order to determine (a) if model fit improved from previous versions and (b) if any 

additional modifications required consideration. A total of four amended models (B 

through E) were analysed. Chi-Square difference tests indicated that each new model 

achieved a better fit than the previous version such that the best-fitting model was model 

E. This model included each of the problematic error covariances identified in the initial 

analysis and no further modifications were required. Table 4.7 presents a summary of the 
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adjustments made and the model-fit statistics for each model. The RMSEA index for 

model E indicates excellent fit, while the CFI, TLI, and NFI indices demonstrate good fit.   

 

Table 4.7 Summary CFA Model-fit Statistics. 

Model χ
2
 df (p) RMSEA CFI TLI NFI Δχ

2
 

A. 8-factor H-SCQ  2108.42 436* .061 .909 .897 .889  

B. e1 – e4 correlation (r = .39) 1960.55 435* .058 .917 .906 .897 147.87* 

C. e4 – e5 correlation (r = .25) 1852.05 434* .056 .923 .912 .902 108.5* 

D. e8 – e9 correlation (r = .57) 1750.61 433* .054 .929 .918 .908 101.44* 

E. e14 – e15 correlation (r = .31) 1694.83 432* .053 .932 .922 .911 55.78* 

Note. N = 1046; χ
2
, chi-square goodness-of fit index; RMSEA,  root-mean-square error of approximation; 

CFI, comparative fit index; TLI, Tucker-Lewis index; NFI, normed fit index; Δχ
2
, chi-square difference test;

 

* p < .001. 

 

Inspection of the factor loadings confirmed that model E was most suited to the 

data and it was retained as the final model (see  

Table 4.8). All but two of the items in the model had factor loadings greater than 

0.57 and no cross loadings greater than 0.29. The two remaining items had factor loadings 

of .45 and .32 respectively, but despite these low values, they had no cross loadings greater 

than 0.2. Stronger factor loadings had also been found for these items in the development 

sample so they were retained in the final model.  

4.3.2.3  Suitability of factor structure for different groups. An additional concern 

in this study was whether the H-SCQ scale functioned in the same way for people with 

different levels of smoking experience, and those of different ages. Participants were first 

split into three smoking status groups: non-smokers (n = 596), smokers (n = 328), and ex-

smokers (n = 122). AMOS multi-group (Byrne, 2008) was used to test whether the 8-factor 

structure validated above (model E) applied equally well to each smoking status group.  
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Table 4.8 H-SCQ Item-factor Loadings Following CFA Analysis 

Scale Loading 

Negative Affect Reduction (NAR)  

27 Smoking calms me down when I’m feeling nervous. .90 

18 When I am worrying about something, a cigarette is helpful. .89 

35 When I’m upset with someone, a cigarette helps me cope. .88 

4 If I’m tense, a cigarette helps me to relax. .86 

5 Cigarettes help me deal with anxiety or worry. .86 

1 When I’m angry, a cigarette can calm me down. .82 

26 Smoking helps if I feel bad about myself. .70 

14 Cigarettes help me concentrate. .63 

8 I enjoy parties more when I am smoking. .61 

Negative Physical Feelings (NPF)  

33 Smoking irritates my mouth and throat. .81 

21 My throat burns after smoking. .72 

19 Cigarettes make my lungs hurt. .68 

30 Smoking will make me cough. .62 

Social Facilitation (SF)  

13 Smoking makes me feel older or more mature. .86 

12 Smoking makes me look tough or cool. .82 

22 People look up to those who smoke. .32 

Weight Control (WC)  

34 Smoking helps me control my weight. .86 

28 Smoking helps me stay slim. .83 

37 Smoking controls my appetite. .80 

15 Cigarettes keep me from overeating. .72 

31 People gain weight when they stop smoking. .45 

Addiction Risk (ADD)  

36 I become more addicted the more I smoke. .75 

17 I will become more dependent on nicotine if I continue smoking. .60 

Health Risk (HR)  

7 The more I smoke, the more I risk my health. .76 

2 By smoking I risk heart disease and lung cancer. .58 

Positive Reinforcement (PR)  

10 If I have nothing to do, a smoke can help kill time. .86 

23 Cigarettes are good for dealing with boredom. .77 

29 Smoking gives me something to do with my hands. .65 

9 Just handling a cigarette is pleasurable. .59 

Negative Social Impression (NSI)  

16 Smoking makes me seem less attractive. .70 

6 Smoking makes me look ridiculous or silly. .65 

24 People think less of me if they see me smoking. .59 

 

 

This involved a three step testing process, the results of which are summarised in 

Table 4.9. Step one involved the creation of a configural model, which imposed no 

equality constraints, to determine if the same number of factors and factor-loading pattern 

existed for each group. The goodness-of-fit characteristics for this model confirmed a good 
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fit to the data across groups. The configural model was then used as the baseline against 

which subsequent multi-group invariance models were tested.  

A measurement model was created in step two in which all factor loadings were 

constrained to be equal. The goodness-of-fit characteristics for this model continued to 

illustrate a good fit to the data across groups. Of more interest was the finding of non-

significant results for both the χ2 and the CFI difference tests, demonstrating that the 

measurement components of the model are equivalent across groups. Finally, a structural 

model was created in which all of the covariances were constrained to be equal. Again 

good model fit to the data was demonstrated across groups. The χ2 difference test 

remained non-significant, but the ΔCFI slightly exceeded the cut-off value of .01 

suggested by Cheung and Rensvold (2002). Given the stringent nature of the former, it was 

deemed that the structural components of the model were found to be equivalent across 

groups. The overall results suggest that the factor structure derived for the full sample 

represented the data reasonably well in each smoking status group. 

A similar three step process was used to examine invariance of the H-SCQ model 

across the three age groups: adolescents (n = 579), young adults (n = 272), and older adults 

(n = 195). The goodness-of-fit characteristics for the configural model confirmed a good 

fit to the data across groups, as did the goodness-of-fit characteristics for the measurement 

model (see Table 4.9). Non-significant results were found for both the χ2 and the CFI 

difference tests, demonstrating that the measurement components of the model are 

equivalent across age groups. Good model fit to the data across groups was also found for 

the structural model and both the χ2 and the CFI difference tests were non-significant, 

demonstrating equivalence of the structural components of the model across groups. The 

overall results suggest that the factor structure derived for the full sample also represented 

the data reasonably well in each age group. 
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Table 4.9 Summary Goodness-of-fit Statistics for Tests of Multi-group Invariance for 

Smoking Status and for Age Groups. 

 

Model Description 

 

χ
2
 

 

df  

 

Δχ
2
 

 

Δdf (p) 

 

RMSEA 

 

TLI 

 

CFI 

 

ΔCFI 

Smoking Status Groups         

1. Configural Model 2648.60 1296   .032 .91 .922  

2. Measurement Model 2757.87 1352 109.27   56 (ns) .032 .91 .918 .004 

3. Structural Model 2971.51 1408 322.91 112 (ns) .033 .90 .909 .013 

         

Age Groups         

1. Configural Model 2852.21 1296   .034 .91 .918  

2. Measurement Model 2930.13 1352 77.92   56 (ns) .033 .91 .915 .003 

3. Structural Model 3031.65 1408 179.44 112 (ns) .033 .91 .913 .005 

Note. χ
2
, chi-square goodness-of fit index; Δχ

2
, chi-square difference between models;

 
Δdf, degrees of 

freedom difference between models;
 
RMSEA,  root-mean-square error of approximation; TLI, Tucker-Lewis 

index; CFI, comparative fit index; ΔCFI, CFI difference between models; ns, not significant;  

Configural model, no equality constraints imposed; Measurement model, all factor loadings constrained 

equal; Structural model, all covariances constrained equal. 

 

4.3.2.4  Reliability and factor inter-correlations. Coefficient (Cronbach’s) alpha 

reliabilities were calculated for the H-SCQ as a whole (0.89) and for each of its subscales. 

These are presented in bold on the diagonal of Table 4.10. High reliability values were 

found for the NAR, WC, PR, and NPF subscales and moderate reliability was 

demonstrated for the NSI subscale, each of which is comparable to reliability values found 

in the development sample, and in the literature. Reliability for the SF scale was lower in 

this sample than in the development sample ( = .81) but comparable to that found by 

(Rash & Copeland, 2008). In relation to the development sample, reliability improved for 

the ADD (compared with .59), and the HR (compared with .56) subscales, although it 

remains lower than that found in previous adult samples; these factors were not included in 

the adolescent-SCQ so no comparisons can be made with this age group. 

Examination of the correlations between subscales demonstrated significant 

moderate positive correlations between all of the negative expectancy factors (NPF, HR, 
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NSI, and ADD), and significant moderate to strong positive correlations between all of the 

positive expectancy factors (NAR, SF, WC, and PR). Some significant negative 

correlations were observed between negative and positive expectancy factors but these 

were small in comparison (see Table 4.10). 

 

Table 4.10 H-SCQ Factor Inter-correlations and Cronbach’s Alpha Reliability Estimates 

(presented in bold on the diagonal). 

H-SCQ Scale NPF HR NSI ADD NAR SF WC PR 

NPF   .80        

HR   .42 ***   .61       

NSI   .61 ***   .41 ***   .68      

ADD   .50 ***   .51 ***   .39 ***   .62     

NAR -.23 ***   .05 -.34 ***   .27 ***   .94    

SF   .07   .05 -.17 ***   .20 ***   .42 ***   .69   

WC   .10   .09 * -. 05   .35 ***   .60 ***   .45 ***   .85  

PR - .17 ***   .03 -.33 ***   .27 ***   .83 ***   .48 ***   .60 ***   .81 

Note. NAR, negative affect reduction; NPF, negative physical feeling; SF, social facilitation; WC, weight 

control; Add, addiction risk; HR, health risk; PR, positive reinforcement; NSI, negative social impression. 

*** p < .001; * p < .05 

 

4.3.2.5  Between-group differences 

Concurrent validity was examined by looking at smoking status, age, and gender 

differences in H-SCQ scores. A 3 (smoking status) X 3 (age group) X 2 (gender) 

MANOVA of subscale scores found a significant smoking status by age interaction using 

Pillai’s trace; V = 0.09, F(32, 4096) = 2.83, p < .001, ηp
2 

=.02. No significant gender 

interactions were observed, although a main effect of gender was found using Pillai’s 

trace; V = 0.02, F(8,1021) = 3.04, p < .01, ηp
2 

=.02. The post-hoc analysis for the smoking 

status by age interaction will be presented first, followed by the analysis of the main effect 

of gender. 

Smoking status and age group differences. Mean subscale scores for smokers, ex-

smokers, and non-smokers in each age group were calculated for each of the factors in the 

H-SCQ scale and are presented in Table 4.11.  
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Table 4.11 Mean H-SCQ Subscale Scores (Standard Deviations) by Smoking Status and 

Age 

 Adolescents Young Adults  Older Adults  

 Smoker Ex-S Non-S Smoker Ex-S Non-S Smoker Ex-S Non-S 

 n = 170 n = 34 n = 375 n =106 n = 20 n = 146 n =52 n = 

68 

n = 75 

NAR 4.09 

(1.04) 

2.72 

(1.15) 

243 

(1.27) 

3.91 

(1.05) 

3.46 

(1.04) 

2.83 

(1.50) 

4.32 

(0.93) 

3.31 

(1.32) 

3.23 

(1.62) 

NPF 3.19 

(1.18) 

3.28 

(1.25) 

4.59 

(1.05) 

3.44 

(1.13) 

3.85 

(1.25) 

4.62 

(1.18) 

4.02 

(1.12) 

4.60 

(0.90) 

4.56 

(.98) 

SF 1.92 

(0.91) 

1.72 

(0.87) 

2.06 

(1.09) 

2.08 

(1.08) 

1.98 

(1.05) 

2.21 

(1.20) 

1.66 

(0.66) 

2.09 

(1.14) 

2.34 

(1.32) 

WC 3.16 

(1.27) 

2.45 

(0.92) 

2.74 

(1.15) 

2.85 

(1.08) 

3.40 

(1.03) 

3.15 

(1.31) 

3.51 

(1.29) 

3.64 

(1.32) 

3.73 

(1.40) 

Add 4.72 

(1.27) 

4.00 

(1.61) 

4.92 

(1.33) 

4.43 

(1.41) 

4.60 

(1.64) 

4.82 

(1.46) 

4.90 

(1.28) 

5.24 

(1.09) 

5.23 

(0.99) 

HR 5.29 

(0.86) 

5.12 

(1.13) 

5.53 

(0.99) 

5.20 

(1.01) 

5.38 

(0.90) 

5.62 

(0.85) 

5.54 

(0.72) 

5.82 

(0.40) 

5.81 

(0.47) 

PR 3.52 

(1.13) 

2.18 

(1.17) 

2.26 

(1.13) 

3.54 

(1.22) 

3.36 

(1.33) 

2.93 

(1.42) 

3.88 

(1.11) 

3.31 

(1.35) 

3.18 

(1.55) 

NSI 3.23 

(1.06) 

3.89 

(1.41) 

4.41 

(1.17) 

2.97 

(1.04) 

3.78 

(1.23) 

4.04 

(1.20) 

3.69 

(1.17) 

4.08 

(1.06) 

4.00 

(1.16) 

Note. Ex-S, ex-smoker; Non-S, non-smoker;  

 

 

Separate 3 (smoking status) X 3 (age) ANOVAs were then run on each of the 

subscales. Significant smoking status by age interactions were found on six of the revised 

SCQ subscales: three negative expectancy factors, NPF, F(4,1037) = 7.82, p < .001, ηp
2 

= 

.03; NSI, F(4,1037) = 3.72, p < .01, ηp
2 

= .01; ADD, F(4,1037) = 2.87, p < .05, ηp
2 

= .01; 

and three positive expectancy factors, NAR, F(4,1037) = 3.38, p < .01, ηp
2 

= .01; WC, 

F(4,1037) = 5.57, p < .001, ηp
2 

= .02; and PR, F(4,1037) = 4.43, p < .01, ηp
2 

= .02.  

As illustrated in Figure 4.2, post-hoc analysis of the NPF subscale demonstrated 

that smokers rated NPF expectancies significantly lower than non-smokers in each age 

group: adolescents (p < .001); young adults (p < .001); and older adults (p = .01). Smokers 

also rated NPF expectancies as significantly lower than ex-smokers in the older adult 

group (p < .01), whereas ex-smokers in the other two age groups were more similar to 

smokers, giving significantly lower NPF ratings than non-smokers in both cases; 
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adolescents (p < .001), young adults (p < .05). No significant age differences were found 

for non-smokers, but older adults rated NPF expectancies significantly higher than 

adolescents and younger adults in the smoking (p < .001 and p < .01) and ex-smoking (p < 

.001 and p < .05) groups. 

Post-hoc analysis of the NSI subscale demonstrated that smokers rated NSI 

expectancies significantly lower than non-smokers and ex-smokers in the adolescent (p < 

.001 and p < .01) and young adults (p < .001 and p < .05) groups. Adolescent ex-smokers 

also rated NSI expectancies significantly lower than adolescent non-smokers (p < .05).  

Within the smoking group, older adults gave significantly higher NSI ratings than 

adolescents (p < .001) and young adults (p < .01), but among non-smokers adolescents 

gave significantly higher NSI ratings than young (p < .01) and older adults (p < .05). No 

significant age-related differences were found for ex-smokers. 

Few significant differences were found in the post-hoc analysis of the ADD 

subscale. The only smoking status differences were found in the adolescent group where 

ex-smokers gave significantly lower ADD expectancy ratings than both smokers (p < .05) 

and non-smokers (p < .001). A clear linear increase in ADD ratings with increasing age 

was also revealed in the ex-smoking group where older adults gave significantly higher 

ratings than adolescents (p < .001). No other significant differences were found. 
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(a) NPF 

 

(b) NSI 

 

(c) ADD 

 

Figure 4.2 Mean smoking status by age H-SCQ subscale scores for the negative NPF, NSI, 

and ADD factors. Error bars represent standard errors. 
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As illustrated in Figure 4.3, post-hoc analysis of the NAR subscale demonstrated 

that smokers rated NAR expectancies significantly higher than non-smokers in each age 

group - adolescents (p < .001), young adults (p < .001), and older adults (p < .001) - and 

significantly higher than ex-smokers in the adolescent group (p < .001). No significant age 

differences were observed among smokers or ex-smokers, but within the non-smoking 

group, older adults rated NAR expectancies significantly higher than adolescents (p < .01) 

and younger adults (p < .001).  

Post-hoc analysis of the WC subscale demonstrated that adolescent smokers rated 

WC expectancies significantly higher than adolescent non-smokers (p < .001) but 

significantly lower than adolescent ex-smokers (p < .01), whereas no significant smoking 

status differences were seen in other age groups. An age-related increase in WC ratings is 

seen in non-smokers where older adult ratings are significantly higher than young adults (p 

< .01) and adolescents (p < .001), and younger adult ratings significantly exceed those of 

adolescents (p < .01). A similar pattern is seen for ex-smokers where adolescent WC 

ratings are also significantly lower than both young (p < .05) and older adults (p < .001), 

although in this case the adult groups do not differ significantly. Among smokers, the only 

significant difference was found between the adult groups where older adults rate WC 

expectancies as significantly higher than younger adults (p < .01). 

Post-hoc analysis of the PR subscale demonstrated that smokers rated PR 

expectancies significantly higher than non-smokers in each age group: adolescents (p < 

.001), young adults (p < .01), and older adults (p < .05). Adolescent smokers also gave 

significantly higher ratings than ex-smokers (p < .001). No age-related differences were 

found among smokers, but adolescents rated PR expectancies significantly lower than 

young and older adults in the non-smoking (p < .001 and p < .001) and ex-smoking (p < 

.01 and p < .001) groups. 



149 

 

(a) NAR 

 

(b) WC 

 

(c) PR 

 

Figure 4.3 Mean smoking status by age H-SCQ subscale scores for the positive NAR, 

WC, and PR factors. Error bars represent standard errors. 
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Although no significant interactions were found on the HR and SF scales, some 

smoking status and age-related differences were observed. The 3 (smoking status) X 3 

(age) ANOVA analysis of the HR scale revealed both a main effect of smoking status, 

F(2,1037) = 10.11, p < .001, ηp
2 

= .02, and a main effect of age, F(2,1037) = 11.93, p < 

.001, ηp
2 

= .02. Post-hoc analysis revealed that smokers (M = 5.3, SD = 0.9) rated HR 

expectancies significantly lower than both non-smokers (p < .001, M = 5.59, SD = 0.91) 

and ex-smokers (p < .05, M = 5.55, SD = 0.82). In addition, older adults (M = 5.74, SD = 

0.54) gave significantly higher HR ratings than both adolescents (p < .001, M = 5.44, SD = 

0.97) and young adults (p < .01, M = 5.44, SD = 0.94). Only a significant main effect of 

smoking status was found in the 3 (smoking status) X 3 (age) ANOVA analysis of the SF 

scale, F(2,1037) = 7.76, p < .001, ηp
2 

= .02, and post-hoc analysis revealed that non-

smokers (M = 2.13, SD = 1.15) rated SF expectancies significantly higher than smokers (p 

< .05, M = 1.93, SD = 0.94). No significant differences were found in relation to ex-

smokers (M = 1.97, SD = 1.06). 

Gender differences. Separate analyses of each subscale found this main effect for 

NPF and WC expectancies only. Females gave significantly higher NPF ratings (M = 4.27, 

SD = 1.22) than males (M = 3.98, SD = 1.27), t(1044) = 3.6, p < .001, d = .27. They also 

gave significantly higher WC ratings (M = 3.19, SD = 1.29) than males (M = 2.81, SD = 

1.17), t(1044) = 4.71, p < .001, d = .30. As no interactions were found with either smoking 

status or age, no further analysis of gender will be carried out.  

4.3.2.6  Correlations with tobacco use Within the smoking group, correlations 

were examined between H-SCQ subscale scores and four measures of tobacco use. 

Significant but small positive correlations were found between nicotine dependence 

(FTND) and NAR (r = .31, p < .001), PR (r = .23, p < .001), ADD (r = .18, p < .001), and 

WC (r = .15, p < .001). CPD was positively correlated with NAR (r = .14, p < .001). No 

significant correlations were found between the H-SCQ and the age someone started 
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smoking, but a number of small correlations were found with the age at which daily 

smoking commenced: NAR (r = .24, p < .001), WC (r = .18, p < .001), PR (r = .17, p < 

.001), ADD (r = .14, p < .001), and SF (r = .12, p < .05). 

4.4  Discussion  

The studies presented in this chapter aimed to develop and validate an explicit 

measure of smoking expectancies that would be suitable for use with participants of 

different ages and varied smoking experience. Study 1 sourced items for a revised SCQ 

measure from the original SCQ (Brandon & Baker, 1991), the SCQ-Adult (Copeland, et 

al., 1995), and the Adolescent-SCQ (Lewis-Esquerre, et al., 2005) scales. An 8-factor 

model was found to best fit the data for the resulting 32-item H-SCQ scale. As 

hypothesised, this model was larger than the original 4-factor SCQ model (Brandon & 

Baker, 1991) and it was shown to be reliable and valid across the different groups. The 

eight factors were also consistent with the types of expectancy clusters found in the SCQ 

literature and they were labelled accordingly (Copeland, et al., 1995; Lewis-Esquerre, et 

al., 2005; Rash & Copeland, 2008; Schleicher, et al., 2008). Four factors represented 

negative smoking expectancies: NPF (4 items), ADD (2 items), HR (2 items), and NSI (3 

items), and four described positive smoking expectancies: NAR (9 items), SF (3 items), 

WC (5 items), and PR (4 items). The model was subsequently validated in a larger and 

more diverse sample and factorial invariance analyses revealed that the 8-factor structure 

was suited to participants of varied smoking status, and to those of different ages. 

Items in each factor had reasonably high loadings, and generally did not cross-load 

onto other factors. Internal consistency estimates for the overall scale were high in both 

samples, and factor reliabilities were consistent with those found in the literature, in 

particular for the NAR, WC, PR, NPF and SF subscales. Reliability estimates for the HR 

and ADD subscales were somewhat lower that those found in adult studies but were 

moderately high, particularly in the larger validation sample. As these risk expectancies 
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have been removed from adolescent versions of the SCQ, there are no comparative values 

for these subscales. Additional research in adolescent populations is needed in order to 

establish consistent reliability estimates for these two subscales. It would also be 

interesting to determine if a difference exists between those individuals with low HR and 

ADD ratings and those who initiate or maintain smoking despite an awareness of the 

likelihood of these risky outcomes. Hence, it is important to retain these subscales and 

attempt to improve their consistency in younger age-groups, rather than removing them 

completely from the measurement scale. 

The relationships between the H-SCQ factors themselves were inconsistent across 

the two samples. Stronger correlations were found in the larger validation sample. As 

expected, the negative expectancy factors (NPF, NSI, HR, and ADD) had strong positive 

associations with each other, as did the positive expectancy factors (NAR, PR, WC, and 

SF), and the negative and positive factors are generally negatively correlated with each 

other, albeit that these relationships were a lot weaker than those seen among expectancy 

factors of the same valence. This pattern of associations supports findings from previous 

adolescent (Lewis-Esquerre, et al., 2005) and adult (Copeland, et al., 1995) research. 

Finding that an 8-factor model fits these diverse data well contrasts with previous 

research that uses evidence of larger adult SCQ models, in comparison to those for 

younger participants, to support the view that outcome expectancies become more refined 

with age and experience (S. A. Brown, 1993); for example, Copeland and colleagues 

(2007) argue that the evidence for 3-factor models in children but models with nine or ten 

factors in heavy adult smokers clearly indicates that a combination of age and increased 

smoking clarifies expectancies. Yet expectancy theory also suggests that an individual 

does not require direct experience of a particular behaviour to associate it with certain 

outcomes (Bandura, 1977; Petraitis, et al., 1995) and larger models of smoking 

expectancies have been found for both smokers and non-smokers in studies of adolescents 
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(seven factors; Lewis-Esquerre, et al., 2005) and young adults (nine factors; Schleicher, et 

al., 2008). These studies suggest that the organisation of smoking expectancies may be 

similar across different age groups, and across those with different levels of direct smoking 

experience, which in turn supports the claim that smoking-related associations can be 

developed vicariously as well as with direct smoking experience. Adolescents increasingly 

encounter smoking-related information, whether this is through smoking prevention 

programmes in schools or the smoking-related opinions and behaviours of influential 

others. They are also likely to find themselves in social situations where smoking-related 

decisions are required, perhaps to a greater extent than would be the case for younger 

children whose expectancies do seem to be consistently more global in nature (Copeland, 

et al., 2007).  

Furthermore, evidence from alcohol research suggests that even though 

expectancies become better defined with increased alcohol experience, the factor content 

of outcome expectancy scales remains relatively stable across experience and age 

(Christiansen, Goldman, & Inn, 1982; Wiers, Van Woerden, Smulders, & De Jong, 2002), 

but that the patterns of expectancy endorsement can differ between groups. A very clear 

pattern of results emerged from the studies conducted here that demonstrates the ability of 

the H-SCQ to differentiate between groups in this way, supporting the view that it is the 

type of endorsements made within each expectancy category that is more likely to change 

with age and smoking experience.  

As expected, smokers endorsed more positive outcome expectancies and less 

negative outcome expectancies than non-smokers, which is consistent with previous 

findings in the literature (Copeland, et al., 1995; Lewis-Esquerre, et al., 2005; Rash & 

Copeland, 2008). Specifically, smokers of all ages rated NPF, NSI, and HR expectancies 

significantly lower than non-smokers, but they rated NAR, PR, and in the case of 

adolescents, WC expectancies, significantly higher than non-smokers. Both smokers and 
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non-smokers gave similar ratings for ADD expectancies, so there seems to be a general 

acceptance that smoking carries a risk of addiction. Interestingly it was non-smokers of all 

ages who gave the highest ratings for SF expectancies. This suggests that they perceive 

that individuals can start smoking for social reasons whereas in fact this is an expectancy 

that smokers don’t rate as particularly relevant to their smoking decisions.  

 Positive smoking consequences were also expected to be associated with 

younger age, and negative consequences with older age groups. Results only partially 

supported this hypothesis as the age effects tended to be influenced by smoking status to a 

greater degree than the reverse. No impact of age was found for SF expectancies, and 

despite significant associations between smoking-related weight control beliefs and 

adolescent smoking (Hine, McKenzie-Richer, Lewko, Tilleczek, & Perreault, 2002), 

especially among young girls (Boles & Johnson, 2001), a roughly linear increase in WC 

ratings was found in this study. Age influenced PR ratings in a similar way, but it only 

impacted NAR ratings in the non-smoking group where older adults gave the highest 

ratings. This again could be interpreted as a perception held by older adults as to why 

people choose to smoke; in other words they see smoking primarily as a coping 

mechanism (Shiffman, et al., 1996). 

 As expected, older adults rated HR expectancies as more likely than adolescents or 

young adults, and those older adults who were smokers or ex-smokers rated NPF 

expectancies higher than their younger counterparts. This would support the view that as a 

person ages, they become more aware of the health and physical consequences of smoking. 

A different pattern is seen for negative social consequences. Older adults gave the highest 

NSI rating among smokers which suggests that they feel most ostracised, but it was 

adolescents who gave the highest NSI ratings among non-smokers. This result clearly has 

implications for the type of negative expectancies that may prevent an adolescent from 

starting to smoke, especially as it is this same group that perceived SF expectancies to be 
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more important to a smoking decision than adolescent smokers did themselves. Finally, the 

only difference in ADD expectancy ratings was found in the ex-smoking group where 

adult ex-smokers rated addiction risk much higher than adolescent ex-smokers. It is 

possible that this effect reflects a longer history of trying to quit among the adult 

population, whereas it may just reflect the fact that adolescent smokers, given their age, 

have successfully quit in the relatively recent past.  

As the new scale should be capable of being used with participants of varied 

smoking status, the inclusion of the ex-smoker group in the validation sample is important, 

and a novel finding was the differences in the patterns of expectancy endorsement seen in 

ex-smokers across the different age groups. In some instances they appeared to be 

behaving in a similar way to smokers; for example they rated HR and NPF expectancies 

significantly lower than non-smokers, although older adult ex-smokers did have higher 

NPF ratings than older adult smokers. This supports the view that NPF expectancies can 

be predictive of cessation success in adult smokers (Copeland, et al., 1995; Wetter, et al., 

1994). In other cases ex-smokers gave similar expectancy ratings to non-smokers; for 

example, on NAR, NSI, and WC subscales. Again there was one exception; adolescent ex-

smokers gave the highest WC ratings. Given their age they are likely to have quit smoking 

recently, and it has been demonstrated that WC ratings rise with age over the whole 

sample, so this particular finding may illustrate an association that people have between 

smoking cessation and weight gain, which could undermine cessation attempts. It is very 

likely that a combination of the ease with which the individual quit smoking, and the 

length of time since cessation, influences the smoking expectancies held by ex-smokers. 

This would be a productive area for future research. 

Several studies have also demonstrated that positive smoking but not negative 

smoking expectancies are significantly associated with nicotine dependence and cigarette 

use (Copeland, et al., 1995; Lewis-Esquerre, et al., 2005; Rash & Copeland, 2008; 
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Schleicher, et al., 2008). The data from these two studies provides further support for these 

findings. Positive expectancy subscales, other than SF, were significantly correlated with 

FTND scores, and NAR and PR expectancies with CPD. Although these correlations were 

relatively small, they are of the same order of magnitude as those found in previous 

research (Schleicher, et al., 2008), but the lack of strong behavioural correlations could 

further support the contention that direct smoking experience is not the only mechanism 

through which smoking expectancies develop and become more refined. Contrary to 

previous studies, one consistent relationship was found between smoking behaviour and 

negative smoking expectancies. Small but significant positive correlations were found 

between addiction risk and both FTND and the age at which daily smoking commenced. It 

is likely that those who are more dependent and those who are older when they begin 

regular smoking are more aware of and concerned about becoming addicted. Given the 

lack of a relationship between smoking behaviour and the other H-SCQ negative factors, 

smokers may not perceive the negative consequences and risks of smoking as personally 

meaningful.  This suggestion of an optimistic risk bias in relation to smoking will be 

explored further in the next chapter. 

Contrary to previous research, very little impact of gender was found. Lewis-

Esquerre and colleagues (2005) suggested that gender differences may not emerge until 

older adolescence or young adulthood, or until the individual becomes a long-term daily 

smoker, but no evidence was found to support this claim in these data.  

4.4.1  Limitations.   

Some methodological limitations should be taken into account in the interpretation 

of these results. The overall sample size for Study 3 was moderately large but the relative 

sample size of each of the groups varied considerably. There were substantially more 

adolescent non-smokers than smokers, and ex-smoker numbers were particularly low in 

this and in the young adult group. Older adult groups were more balanced. These unequal 
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sample sizes may have influenced results found here, yet the overall pattern of findings for 

the three smoking status groups and for the three age groups suggests that the H-SCQ 

performs well in each sample. While few gender differences were found it must be 

acknowledged that gender was not balanced across groups and the 3-way ANOVA 

analysis in Study 1 in particular, was likely to be underpowered. Additional research is 

needed to confirm the psychometric properties of the H-SCQ in more balanced samples. 

Smokers’ dependence scores were also quite low which may limit the generalisability of 

these results to more heavily dependent groups. It would also be valuable for future 

research to demonstrate the utility of the H-SCQ across groups with varied levels of 

nicotine dependence, from purely experimental smokers to more heavily dependent 

groups.  

Different response methods (i.e., completing paper versus online questionnaires) 

were required for adolescent and adult participants in Study 3 in order to facilitate access 

to a wider range of ages and smoking behaviours, but it is not expected that these 

methodological variations influenced the results. Previous research found no significant 

differences between paper-based and web-based assessments of a similar nature (E. T. 

Miller et al., 2002). Finally, the construction of the H-SCQ was based on 29 items that 

were common across SCQ versions, with the addition of nine under-represented 

expectancies from age-specific scales, rather than the full set of 80 items used to develop 

the original SCQ. Although this decision was taken primarily for practical reasons, in 

particular to facilitate adolescent testing within a single class time-period, it is consistent 

with the goal of identifying a relatively short heterogeneous scale from a baseline of well 

validated versions of the same scale. As findings are analysed across studies at a factor 

level, differences in structure and format between the various SCQ versions precludes a 

pure comparison of results. Despite these limitations, these studies provide preliminary 
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evidence of the reliability and validity of the H-SCQ scale and of its utility in samples 

heterogeneous in age and smoking experience. 

4.5  Conclusion 

To the best of the author’s knowledge these studies represent the first examination 

of the SCQ in a sample heterogeneous in smoking status and age, and their findings 

indicate that the H-SCQ is appropriate for use in such a sample. Some smoking 

expectancies were shown to be common across all participants, but results also illustrated 

the unique and combined influence of both smoking status and age. Some of the perceived 

outcomes endorsed by non-smokers seemed unrelated to the expectancies that smokers had 

of their own behaviour, and ex-smokers were not found to be uniformly similar to either 

smoking or non-smoking groups. Although endorsement patterns differed across groups, 

the underlying smoking expectancies seemed to operate in similar ways in each group, so 

it is possible to evaluate a wider range of expectancy factors in heterogeneous populations 

than some previous research suggests. The HR and ADD scales should be used with 

caution given their lower coefficient reliabilities, and future studies are needed to establish 

better psychometric properties for these two scales.  

Overall, the results suggest that positive expectancies of smoking more greatly 

influence the initiation and maintenance of smoking behaviour than negative expectancies. 

The ability to measure a wider range of expectancies facilitates their integration into larger 

and more complex predictive models; an idea suggested when the original SCQ was 

created (Brandon & Baker, 1991) but one which has received little attention to date, 

particularly in a developmental context. Chapter 6 will examine the ability of the H-SCQ 

to predict smoking status alone, and in conjunction with implicitly measured expectancies, 

and it will investigate the merit of incorporating smoking expectancies into predictive 

models. 
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Chapter 5: Positivity, False Consensus, and Optimistic Risk Biases (Study 3) 

5.1  Introduction 

The results from Study 1, in conjunction with findings from previous research, 

indicate that although smokers endorse a range of negative smoking expectancies when 

these are measured explicitly, they self-generate less negative and more positive smoking 

outcomes when an implicit measure is used. Furthermore, it was evident that smoking-

related associations in memory changed with both age and experience. Identifying a 

positivity bias in smoking-related memory associations is meaningful in that it 

demonstrates the importance of assessing the relative strength of positive and negative 

smoking outcomes. The age-related differences in this bias are also important as they 

suggest that the pattern of other smoking-related biases, such as consensus or optimistic 

risk bias, may also differ as a function of both smoking status and age.  

The purpose of the current study – Study 3 - was threefold: it first aimed to 

replicate the smoking expectancy findings of Study 1 in a larger participant group which 

was more diverse in age and smoking behaviour; it then sought to determine if normative 

or risk-related biases were detectable in relation to smoking behaviour and how they 

differed with age and smoking experience; and finally it sought to gather additional socio-

cognitive smoking-related information to facilitate the development of a smoking 

behaviour model which would incorporate measures of smoking-related cognitive biases. 

This chapter will present the findings of the first two objectives of this study, while the 

creation and evaluation of the model will be presented in Chapter 6. 

5.1.1  The false consensus effect for peer smoking prevalence 

As discussed in Chapter 1, the Theory of Planned Behaviour (TPB; Ajzen, 1988) 

suggests that behaviour is determined by behavioural intent which in turn is influenced by 

attitudes, subjective norms, and perceived control over the behaviour in question. 

Individuals are therefore motivated to conform to the perceived frequency of the behaviour 
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in their peer group and the relationship between peer prevalence and smoking behaviour 

has been well established, especially in adolescents (Botvin, et al., 1992). Several lines of 

research have illustrated that individuals tend to overestimate the proportion of people who 

hold attitudes that are similar to their own thus demonstrating a consensus bias or a false 

consensus effect (FCE) for this information (Ross, et al., 1977).  

Overestimating peer prevalence has been more closely associated with smoking 

status than actual peer smoking prevalence (Reid, et al., 2008; Sussman, et al., 1988). 

Despite the fact that everyone seems to overestimate population prevalence to some extent, 

regardless of their own level of smoking (Sherman, 1983), smokers have been found to 

give higher perceived prevalence estimates than non-smokers (Hoffman, Sussman, Unger, 

& Valente, 2006; Otten, et al., 2009; Sutton & Bolling, 2003), and several studies have 

found the FCE to be predictive of adolescent smoking onset (Botvin, et al., 1992; Conrad, 

et al., 1992; Sherman, 1983). Changes in prevalence estimates have also been positively 

associated with changes in behaviour (Gibbons & Gerrard, 1995). More consistent FCE 

results have been found for adolescents than for adults (Sherman, 1983), although the 

effect has been successfully reproduced in college students (Pollard, et al., 2000) and 

middle-aged daily smokers (Cunningham & Selby, 2007). Developmental differences may 

be related to the fact that adolescents, in comparison to adults, are more sensitive to the 

conformity pressures associated with real and perceived social norms (Hoffman, et al., 

2006). Nevertheless, it would seem that by overestimating peer prevalence, people are 

indirectly overestimating the social benefits associated with smoking thereby increasing 

their risk of initiating or maintaining this behaviour (Botvin, et al., 1992; Conrad, et al., 

1992). In other words, people are motivated to conform to peer norms that are themselves 

overestimated (Sussman, et al., 1988). 

Several explanations have been made in terms of the cognitive and motivational 

processes that drive this overestimation. Ross and colleagues (1977) first proposed that 



161 

 

individuals who engaged in, or were frequently exposed to, a specific behaviour were 

likely to overestimate the prevalence of that same behaviour among others. This selective 

exposure hypothesis suggests that smokers would tend to associate with other smokers as 

they share their attitudes and perform similar behaviours (Marks & Miller, 1987; Sherman, 

1983). If this is the case, prevalence estimates should be related to the number of 

significant smokers in an individual’s immediate environment and to their relationship 

with their peer group. Otten and colleagues (2009) found that adolescent overestimation 

was predicted by being a member of predominately smoking peer groups, best friend 

smoking, and having at least one parent who smoked. Reid and colleagues (2008) 

demonstrated that in addition to gender, grade, and own smoking status, close friend’s 

smoking, family members’ smoking, and seeing smoking at school and in the home, were 

clearly associated with overestimation of peer smoking prevalence in adolescents. They 

found only a tentative relationship with the school smoking rate and with an individual’s 

susceptibility to smoking. This both supports (Unger & Rohrbach, 2002) and challenges 

(Sussman, et al., 1988) previous research findings. Those most likely to overestimate were 

found to be younger (grade 9 to 11), female, experimental smokers themselves, to have 

more friends who smoked, to see smoking at school, to go to a school with a low smoking 

rate, to have family members who smoked, and to be exposed to select levels of smoking 

within the home.  

Evidence for the predictive value of the participants’ own smoking behaviour is 

inconsistent across studies. Unger and Rohrbach (2002) found no relationship between 

smoking status and FCE. Reid and colleagues (2008) found that regular smokers were less 

likely to overestimate than experimental smokers, but Sussman and colleagues (1988) 

found that smokers overestimate but non-smokers underestimate peer prevalence and they 

used these findings to proffer a motivational self-reference explanation of FCE. This 

hypothesis suggests that individuals engage in social comparison with similar others. They 
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then assume that all others are alike in cognitions and behaviour, and as a result they use 

their own behaviour as a yardstick for judging the behaviour of others.  

An alternate explanation, particularly in relation to deviant behaviours, is that 

people exhibit an egocentric attributional bias and distort the consensus to make their own 

behaviour seem more common and more favourable (Marks & Miller, 1987). As well as 

accounting for overestimation in smoking groups, the self-enhancement motives suggested 

by this explanation can also account for overestimation by non-smokers (Gibbons & 

Gerrard, 1995). Suls, Wan, and Saunders (1988) suggest that this is a type of false-

uniqueness effect; people who do not engage in a behaviour that is considered to be deviant 

can “feel distinctive in a positive way” (p. 76) by overestimating the prevalence of the 

behaviour. Sherman (1983) argues that for self-enhancement hypotheses to be valid there 

should be a pronounced developmental trend in overestimation such that the extent of the 

FCE declines with age. Although he does caution that any such trend could also be 

explained by the selective exposure hypothesis. An important assumption underlies the 

idea of a developmental difference in self-enhancement, namely that smoking is 

considered a more deviant behaviour for adolescents than for adults. This leads to the 

expectation that adolescents would distort prevalence estimates to the greatest extent. 

Given the proliferation of anti-smoking information and the introduction of smoking bans 

over recent years, this assumption may no longer be valid and adults might now be 

expected to demonstrate a similar self-enhancement bias.  

Finally, salience and cognitive availability explanations of FCE are based on the 

idea that the more salient the behaviour is for the individual, the more likely they are to 

perceive greater consensus for that behaviour (Marks & Miller, 1987). This explanation 

can again account for higher prevalence estimates among smokers than non-smokers, and 

it overlaps with the selective exposure hypothesis as people would be more inclined to 

attend to others performing salient behaviours which itself leads to overestimation 
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(Sherman, Presson, & Chassin, 1984). Many of the current hypotheses regarding the FCE 

overlap with each other to some extent and the mechanisms they describe seem to be 

triggered in different circumstances, yet they are likely to work together in some way to 

produce the overestimation (Marks & Miller, 1987), which makes isolating FCE processes 

difficult but does explain the inconsistency in research findings. This lack of clarity is 

problematic and it has led some to question the value of peer prevalence estimates in terms 

of their ability to explain smoking decisions (Juvonen, Martino, Ellickson, & Longshore, 

2007). Research studies are often restricted to one age group, mainly adolescents, whereas 

it would be important to determine how the rate of overestimation changes with age and 

smoking experience, and the factors which best predict the extent of the overestimation in 

these diverse groups.  

5.1.2  Optimistic perceptions of smoking risk 

Rather than disregarding the relationship between behaviour and its associated 

risks, it has been demonstrated that individuals engage in cognitive strategies that help 

maintain their current behaviour. In relation to smoking, these strategies include deciding 

that the positive consequences of smoking outweigh the negative (positive expectancy 

bias) and determining that many similar others are also taking these risks (FCE). It has also 

been suggested that smokers reduce the estimation of the risk personally applicable to 

themselves (Gerrard, et al., 1996) as it has been generally observed that the less 

conditional vulnerability felt by an individual, the more willing they are to engage in risky 

behaviour (Gerrard, Gibbons, Houlihan, Stock, & Pomery, 2008). Furthermore, people 

who see less risk of addiction are also more likely to use (Goldberg & Fischhoff, 2000). 

Historically, it was suggested that smokers rationally weighed up the risks against 

the benefits of smoking (Viscusi, 1992), but more recently Slovic (2001) suggested that 

smokers, and in particular young smokers, were driven by the affective context of smoking 

decisions and that they give little or no conscious thought to the risks involved. Evidence 
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has been found that supports the view that adolescents display greater risk-taking for 

affective decisions in comparison to more deliberative ones (Figner, Mackinlay, 

Wilkening, & Weber, 2009), but Gerrard and colleagues (1996) argue that cognitive 

avoidance of behavioural risk moves from motivated to unmotivated and habitual with 

increased exposure and experience, and that it likely to be triggered automatically when 

faced with smoking decisions. As such, there is value in understanding if smokers are 

therefore unaware of, under assess, or suppress smoking-related risk, and if they exhibit an 

optimistic bias when assessing personal levels of risk.  

Relative risk perceptions can be measured in a number of different ways. Many 

adult studies look for a numerical risk estimate which is then compared to epidemiological 

or actuarial risk tables (Schoenbaum, 1997; Sutton, 1999), but this approach has been 

criticised as it assumes that people have the ability to assign a numerical value to the risk 

(Borland, 1997). An alternate method involves asking people to compare their own risk 

with that of the average person, thus avoiding the issues that are associated with numerical 

measures (Sutton & Bolling, 2003). This comparative approach also facilitates measuring 

the extent to which perceived personal risk may be biased. For example, if an individual 

views their personal risk as lower than the average person of the same sex and age, it could 

be argued that they are demonstrating an optimistic, or unrealistic, risk bias in that 

particular situation and that they therefore fail to perceive personal vulnerability (N. D. 

Weinstein, 1987). Extensive research has found that smokers consistently demonstrate an 

optimistic risk bias in terms of their chances of dying from a smoking-related condition, or 

of becoming addicted to cigarettes (Cohn, et al., 1995; Hansen & Malotte, 1986; Klein & 

Weinstein, 1997; Quadrel, Fischhoff, & Davis, 1993).  

Given that adolescents have a tendency to engage in risky behaviour, and in doing 

so seem to ignore associated risks and negative consequences (Colder, et al., 2010), it 

would be expected that they would demonstrate the highest levels of optimistic bias. Yet, 
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the evidence for age differences in risk perception is inconsistent. Gardner and Steinberg 

(2005) found that risk taking and risky decision making declined between adolescence and 

adulthood. They also established that in some situations riskier decisions were made when 

individuals were with their peers than when they are alone; an effect that again varied as a 

function of age. Explanations for potential age-related changes include differences in 

impulse control and sensation seeking (Cauffman & Steinberg, 2001), but also an increase 

in need for positive arousal in adolescence that is coupled with as yet underdeveloped 

executive behavioural control mechanisms (Spear, 2000; Steinberg, 2008). Recent studies 

of brain development have illustrated that adolescents are relatively more approach 

oriented in response to positive feedback, and less avoidant in response to negative 

feedback, when compared with adults (Cauffman et al., 2010). It can therefore be argued 

that developmental changes leave the adolescent looking for ways to enhance positive 

affect and/or cope with negative affect. 

In contrast, Slovic (1998) argues that adolescents seem to be aware of, and freely 

endorse the long-term risky consequences of smoking, but that they tend to underestimate 

or downplay the short-term risks, and in particular, they underestimate the risk of 

becoming addicted to smoking (N. D. Weinstein, 2001). This evidence is stronger for 

smokers than ex- or non-smokers, and for heavy smokers in comparison to light. Previous 

research evidence (Brady, et al., 2008; Friedman, et al., 1985) and the findings presented 

in this thesis thus far, support the claim that regardless of smoking status, adolescents do 

endorse negative smoking outcomes, especially when measured explicitly using statements 

such as “By smoking I risk heart disease and lung cancer” and “I become more addicted 

the more I smoke”. Moreover, Romer and Jamieson (2001) found evidence that 

perceptions of short-term immediate harm from smoking, influences adolescent smoking 

behaviour to a greater extent than longer term smoking risk. This suggests that if perceived 
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levels of immediate harm are low, it is more likely that an individual will experimental 

with, or engage in, a risky behaviour that they are favourable towards.  

Yet, with the exception of Sutton and Bolling (2003), little research has been 

carried out that examines adolescents’ views of the personal risks of smoking. 

Furthermore, very few studies investigate age-related changes in personal risk perceptions 

from adolescence to older adulthood. Those that do, find evidence that suggest that 

adolescents and adults display similar bias (Cohn, et al., 1995; Quadrel, et al., 1993; T. 

Williams & Clarke, 1997). There is also a suggestion that if smokers see themselves as 

different to the average or typical smoker, they can more easily discount smoking risk. 

Finally, regardless of age, it is important to understand differences between perceptions of 

general in comparison to more immediate smoking risks. 

5.1.3  Aims of the current study 

The evidence suggests that there is a relationship between risky behaviours such as 

smoking and biased processing of the cognitions associated with those behaviours. The 

purpose of this study was to gather expectancy, normative, and risk information related to 

smoking, such that positivity, false consensus, and optimistic risk could be evaluated 

across participants heterogeneous in age and smoking status. Accordingly, the study 

extends previous FCE and optimistic risk research by examining potential age- and 

experience-related influence on peer prevalence and risk perceptions of smoking. 

The study first aimed to replicate the positive smoking expectancy bias previously 

found in Study 1. It was hypothesised that this larger and more diverse group would 

exhibit the same patterns of positivity bias found in the smaller sample; that is, a decrease 

in positivity would be seen with smoking experience and with age. Secondly, the study 

sought to examine how overestimation of peer smoking prevalence varied as a result of 

age and smoking status, and to determine which factors best predicted the FCE in these 

groups. On the basis of previous research, it was expected that the extent of overestimation 
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would decline with age, but that it would increase with smoking experience. It was also 

expected that clear overestimation would be best predicted by the number of friends who 

smoke, seeing and being around smoking, and participants’ own smoking behaviour, thus 

supporting a selective exposure explanation of the FCE. Thirdly, the study aimed to detect 

how optimistic smoking risk bias is influenced by age and experience. To achieve this, it 

examined differences in participant risk perceptions relative to both an average person and 

to a typical smoker their own age. It also investigated differences in perceptions of general 

smoking harm in comparison to immediate harm. Some degree of optimistic risk bias was 

predicted in smokers of all ages, in comparison to non-smokers, but the size of this bias 

was expected to be largest in the adolescent smoking group.  

As mentioned at the start of the introduction, the final aim of this study was the 

development of a smoking behaviour model incorporating measures of smoking-related 

cognitive biases. This aspect of Study 3 will be presented in the next chapter. 

5.2  Method 

5.2.1  Participants   

A total of 1074 participants, grouped by smoking status (daily, weekly, ex-, 

experimental, and never smoker) and age (adolescents: 15 to 18 years, young adults: 19 to 

25, and older adults: 26 to 60), took part in this research. This same group of participants 

formed the validation sample in the last chapter, so their recruitment has been described in 

section 4.3.2.1 above. Sixty-three of these participants had more than 15% missing data 

and were therefore excluded from the analysis, leaving a total of 1011. Groups comprised 

of 240 daily (140, 66, 34), 78 weekly (34, 33 11), 117 ex- (34, 21, 62), 232 experimental 

(127, 76, 29), and 344 never smokers (253, 55, 36). Participants were classified as 

experimental smokers if they had smoked a cigarette, or a few cigarettes, just to try it out, 

but they had not smoked in the past two months (Cohn, et al., 1995). A full breakdown of 

participant characteristics is presented with the results.  



168 

 

5.2.2  Measures   

In this study, two smoking expectancy measures, questions related to smoking 

norms, risks, other common TPB constructs, nicotine dependence, smoking history, and 

demographic information were combined into a single survey. An online version was 

created using SurveyGizmo (Widgix, LLC, Boulder, CO, USA). Paper-based versions of 

the survey were also used. Smoking expectancies were always evaluated first, immediately 

followed by the demographic questions and an assessment of smoking status. The norms, 

risks, and other TPB questions formed the main body of the survey. These questions were 

presented randomly in the online survey. Six different question sequences were also 

randomly generated at the design stage allowing six versions of the paper-based survey to 

be created; an example has been included in Appendix 8. The nicotine dependence and 

smoking history questions were always presented last. Never-smokers completing a paper-

based survey were instructed to skip this final section. It was automatically skipped for 

never-smokers completing the online version. 

5.2.2.1  Smoking expectancies.  As in Study 1, participants first completed a 3 

minute free association task followed by the revised 38-item SCQ.  

5.2.2.2  Smoking norms.  Descriptive Norms were measured using three items 

similar to those used by Reid and colleagues (Reid, et al., 2008): (1) “What percentage of 

your friends smoke?”; (2) “How many people your age do you think smoke?”; (3) “Think 

about the people in your school, college or work place. How many do you think smoke?” 

In each case, participants could choose from 10 categories ranging from 0-10% to 91-

100%. 

Subjective Norms were measured using two set of five items which measured the 

social influence of a best friend, friends in general, family, important others, and the wider 

society. These were based on similar sets of items used in previous research (Gibbons, 

Gerrard, Blanton, & Russell, 1998; Higgins & Conner, 2003; McMillan, et al., 2005). 
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Items in the first set were: “My friends think I should ___”, “My best friend thinks I 

should ___”, “My family think I should ___”, “People who are important to me think I 

should ___”, and “Society as a whole thinks I should ___”. The response scale ranged 

from -2 (should not smoke) to +2 (should smoke) such that zero indicated a neutral 

position. In the second set, participants were directed to “Think about each of the 

following people or groups of people. How much does their attitude to smoking influence 

your own smoking behaviour? My friends; My best friend; My family; People who are 

important to me; and Society. The response scale ranged from -2 (no effect at all) to +2 

(effects it a lot). An index for each category of social influence was calculated as the sum 

of the corresponding items in each set such that lower scores indicated a non-smoking 

preference; for example, the response given for “My friends think I should ___” was added 

to the response to the level of influence friends’ attitudes to smoking had on the 

participants own smoking behaviour.  

Own-view, represents a participant’s view of others’ smoking behaviour and as 

such it provides a measure of the perceived favourability, or otherwise, of smoking. It was 

measured using three items: “I think my best friend should ___”, “I think my family 

should ___”, and “I think people who are important to me should ___”. The response scale 

ranged from -2 (should not smoke) to +2 (should smoke) such that zero indicated a neutral 

position, and the three items were averaged to produce one own-view score. 

Moral Norms (MN) were measured by one item, “I personally think that smoking 

is ___” (McMillan, et al., 2005) which was measured using a scale ranging from 1 (wrong) 

to 5 (right). 

5.2.2.3  Smoking risk.  Relative risk was measured in two ways: first “Compared 

with other people your age, ___” which will be referred to as relative general risk (RG), 

and second “Compared with a typical smoker your age” which will be referred to as 

relative smoker risk (RS). Two health risk items (Gerrard, et al., 1996) and one addiction 
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risk item (Sutton & Bolling, 2003) were included in both measurements. In each case, 

participants responded to the question “Compared with … how likely do you think you are 

to: get lung cancer in the future; have a heart attack in the future; and be hooked on 

cigarettes in five years time?” using a 5-point response scale: 1 (much less likely) … 3 

(about the same) … 5 (much more likely). RG and RS indices were created by adding the 

three risk item responses for each category such that a higher value indicated greater 

perceived risk. 

Perceived harm from smoking was measured using three items (Jamieson & 

Romer, 2001). The first two items, “How risky do you think smoking is for your health?” 

and “How risky do you think smoking every day would be for your health?” were 

measured using a response scale ranging from 1 (very risky) to 4 (not at all risky). 

Responses to the third item: “The harmful effects of cigarettes have been exaggerated. Do 

you ___?” ranged from 1 (strongly disagree) to 4 (strongly agree). Individual item scores 

were reversed and then averaged to obtain a perceived-harm index on which higher values 

indicated greater perceived harm. 

Immediate harm from smoking was measured using two items (Slovic, 1998, 2000). 

Participants were asked to “Imagine someone who starts to smoke a packet of cigarettes a 

day at age 16. How much do you agree with the following statements about this person? 

There is usually no risk to the person at all for the first few years” and “Although smoking 

may eventually harm this person’s health, there is really no harm to him or her from 

smoking the very next cigarette.” Responses ranged from 1 (strongly agree) to 4 (strongly 

disagree). An immediate-harm index was created by averaging the responses such that a 

higher value indicated greater perceived harm. 

Avoidance of thoughts about health risks was assessed with one item similar to that 

used by Gerrard and colleagues (1996), “How likely is concern for your health to influence 
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your decision to smoke or not to smoke?” This was measured using a scale ranging from 7 

(very unlikely) to 1 (very likely).  

General attitudes towards risk were measured using three subscales from the 

DOSPERT measure (Blais & Weber, 2006): health and safety risk, social risk, and 

recreational risk. For each subscale, participants were asked to indicate: (1) how likely it 

was that they would do what was being described (risk taking) using a scale from 1 

(extremely unlikely) to 7 (extremely likely); (2) how risky they thought each of the 

activities were (perceived risk) using a scale from 1 (not at all risky) to 7 (extremely 

risky); and (3) if they thought they would get any benefits from doing each of the activities 

(expected benefit) using a scale from 1 (no benefits at all) to 7 (great benefits). 

5.2.2.4  Extended TPB constructs.  A series of questions were included to measure 

other common TPB model constructs not specifically covered by the previous sets of 

questions.  

Attitudes towards smoking were measured by one item, “Do you like smoking?” 

which was measured using a scale ranging from +2 (very much) to -2 (definitely not), 

which was created in order to capture apathetic feelings towards the behaviour that might 

not be apparent from the differences scores calculated for the FA and H-SCQ tasks.  

Self-Identity was measured using three items (Moan & Rise, 2006): “I look at 

myself as a person who smokes”, “I’m a good example of a person who smokes”, and “I 

would feel that I missed out on something if I didn’t smoke”. The response scale ranged 

from 1 (full disagree) to 7 (fully agree). An overall self-identity score was calculated as the 

sum of the three items such that higher scores indicate stronger identification with 

smoking.  

Group Identity was also measured using three items. The first two items were taken 

from previous research (Moan & Rise, 2006): “To what extent are your friends important 

to you?”, and “To what extent do you feel that you belong to your group of friends?” The 
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third item was added to encourage participants to think specifically about how they 

identified with the group with which they spent most of their week days; “Think about 

your wider school, college, or work group. To what extent do you feel that you belong to 

this group?” The response scale ranged from 1 (low degree) to 7 (high degree). An overall 

group identity score was calculated as the sum of the three items such that higher scores 

indicate stronger peer group identification.  

Anticipated Regret was measured using two items (McMillan, et al., 2005): “If I 

had smoked in the past two months, I would wish I had not” and “I would feel depressed if 

I had smoked in the past two months”. The response scale ranged from 1 (unlikely) to 5 

(likely). An index of was calculated as the average score for these two items. 

Perceived Behavioural Control (PBC) was measured using nine items (McMillan, 

et al., 2005): “I am confident I could resist smoking over the next three months” with 

responses ranging from 1 (strongly disagree) to 5 (strongly agree); “For me to NOT smoke 

would be ___” with responses ranging from 1 (difficult) to 2 (easy); “How much control 

do you feel you have over not smoking?” with responses ranging from 1 (no control) to 5 

(complete control); “I can say no to smoking, even at work / college / school”; “I can say 

no to smoking, even if offered a cigarette”; “I can say no to smoking, even if my friends 

want me to smoke”; “I can say no to smoking, even if I am the only one in the group not 

smoking”; “I can say no to smoking, even if I feel left out of the group”; and “I can say no 

to smoking, even if I feel like smoking”; responses for each of the last six items ranged 

from 1 (certain I cannot) to 5 (certain I can). A PBC score was calculated as the average of 

the nine items such that higher scores indicate more control. 

Smoking Intentions were measured using two items similar to those used in 

previous research (Gibbons, et al., 1998; ter Doest, Dijkstra, Gebhardt, & Vitale, 2009): 

“How strong is your intention to smoke in the next six months?” with responses ranging 

from 7 (definitely) to 1 (definitely not); and “How strong is your intention not to smoke in 



173 

 

the next six months?” with responses ranging from 1 (definitely won’t smoke) to 7 

(definitely will smoke). A smoking intention score was calculated as the product of the two 

item responses such that a higher score indicated stronger smoking intentions. 

Behavioural Willingness was separated from smoking intentions in this study, 

although it was measured using items previously combined with smoking intention 

questions (ter Doest, et al., 2009): “How likely is it that you will smoke in the next six 

months?” with responses ranging from 7 (very likely) to 1 (very unlikely); and “How 

likely is it that you will not to smoke in the next six months?” with responses ranging from 

1 (very likely) to 7 (very unlikely). A smoking willingness score was calculated as the 

product of the two item responses such that a higher score indicated stronger behavioural 

willingness to smoke. 

Environmental influences were measured using two items: “I often see others 

smoking in or outside school / college / work every day, or almost every day” (Reid, et al., 

2008) which was measured using a four point scale running from 1 (strongly disagree) to 4 

(strongly agree); and “How often are you around people your age who smoke?” (Juvonen, 

et al., 2007) which was measured using the scale: 0 (never), 1 (hardly ever), 2 

(sometimes), and 3 (often). 

5.2.2.5  Demographics and smoking history.  Participants completed 

demographic, smoking history, and FTND measures as described in Chapter 2. 

5.2.3  Procedure   

Adolescents were tested on school or Youth Reach group premises. Parental 

consent was sought in advance of the test date and only those volunteers with this consent 

proceeded to testing. All adolescents, and those young adults attending all but one of the 

Youth Reach groups, individually completed one of the six paper versions of the survey. 

These were distributed randomly in each test session and participants were tested in class 



174 

 

groups. Participants in one youth reach group (all young adults) and all other adult 

participants completed the survey online.  

5.2.4  Data analysis  

Statistical analyses were conducted in SPSS 19 (SPSS Inc., Chicago, Illinois 

60606, US) and p-vales presented in post-hoc analyses are Bonferroni corrected using the 

SPSS general linear model post-hoc Bonferroni correction function, unless otherwise 

stated. 

5.2.4.1  Missing data.  While it can be acceptable to manage missing data using 

listwise or pairwise deletion in between-group difference analyses, this is not a sensible 

approach to take when analysing models containing a variety of different variables as it 

can result in the removal of many participants, and the loss of valuable data. An alternate 

approach is to estimate, or impute, the missing data values, and use these along with the 

rest of the data in further analyses. Various methods of data imputation have been 

developed and these range from simple single imputation (SI) models to more complex 

multiple imputation (MI) approaches (Tabachnick & Fidell, 2007). Mean substitution is 

the simplest form of SI and, as the name suggests, it involves replacing the missing data 

with the mean score for that variable. As this is a very crude approach which necessarily 

reduces the variance of the data item, it is seldom used (Tabachnick & Fidell, 2007). The 

most sophisticated form of SI, Estimation Maximisation (EM), creates a correlation matrix 

for the missing data, given a requested distribution (e.g., normal), and subsequently makes 

inferences about the missing values based on their likelihood under that distribution. It is 

an iterative process with two steps per iteration: determining an “expectation” or best 

guess for the missing data given the current information, and then performing maximum 

likelihood estimation as if the missing value had been filled in. Once convergence is 

reached, the observed and the filled in data are saved in the data set (Dempster, Laird, & 

Rubin, 1977; Tabachnick & Fidell, 2007). As error is not added to the imputed data, EM 
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results in a bias that can be problematic for inferential statistics based on these data 

(Graham, 2009), although it would be expected that data remain appropriate for inferential 

analysis when the number of missing values is low; Tabachnick and Fidell (2007) suggest 

less than 5%. 

MI involves a Monte Carlo approach which replaces missing data with plausible 

values in several simulated versions of the dataset (Rubin & Little, 2002; Schafer & 

Graham, 2002). Further statistical analyses are then performed on multiple random 

samples each containing an estimate for the missing data from the distribution of plausible 

estimates. Average parameter statistics from these statistical analyses are reported 

(Tabachnick & Fidell, 2007). MI estimates are less biased than those produced by SI, yet 

from a theoretical and practical perspective, MI is not automatically the recommended way 

to deal with missing data. Instead, Schafer and Graham (2002) propose that decisions on 

how to deal with missing data should be based on the characteristics of the missing data, 

and on the costs and benefits associated with each technique in the particular research 

circumstances. For example, they suggest that SI methods are acceptable for situations 

where the data are missing at random, but only when less than 10% of the data are missing. 

MI is suitable for use with up to 25% missing data.  

As the intention was to use the same sample to examine between group differences 

in cognitive biases in this chapter, and to develop an extended TPB model in the next 

chapter, the extent and pattern of missing data were analysed across all variables in the 

dataset in order to determine the appropriate strategy for dealing with these missing values. 

High levels of missing data were found for the DOSPERT scales, particularly among 

adolescents. These scales were lengthy and repetitive, and a number of participants 

appeared to skip these and work through the rest of the survey. The pattern of responding 

is also suspect for a number of other participants (all 1s, all 7s, or cyclical 1 to 7 

responding). Excluding these participants would result in the unnecessary loss of valid 
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expectancy, normative, and perceived risk data. As a result, the decision was made to 

exclude the DOSPERT items from further analysis. 

An additional 63 participants were found to have large amounts of missing data 

across all survey items (over 15%), these individuals were removed and a separate SPSS 

Missing Values Analysis was carried out for each variable in the study across the 

remaining 1011 participants. Missing data volumes ranged from less than 1% to 2.3% per 

item and in each case the data were missing completely at random. It is likely that some 

questions were accidently missed; it is also possible that some individuals were unwilling 

to answer a particular question which they then simply skipped. Given the overall size of 

the dataset, and the very low volumes of missing data, SI using EM was deemed the most 

effective and cost efficient method of estimating missing values. Separate EM analyses 

were carried out for each data item.  

5.2.4.2  Smoking expectancy analysis. The same classifications used to code FA 

items in Study 1 were applied here. Word categorisation for 20% of the sample, and for 

new words not encountered in Study 1, were reviewed by an additional smoker and non-

smoker. Classifications with full inter-rater agreement (94.23%) were retained. This figure 

was a little lower than in Study 1 as proportionally more of the words reviewed were 

difficult to interpret or to code as either positive or negative. The key elements of the 

Study 1 smoking expectancy analysis were replicated here and extended to incorporate the 

5-level smoking status variable. First, the relative strength of positive and negative 

expectancies endorsed on the H-SCQ scale (H-SCQ difference score) was examined using 

a 5 (smoking status) x 3 (age) ANOVA. Second, the FA difference scores for each time 

period were analysed using a 5 (smoking status) x 3 (age) x 2 (time) mixed factorial 

ANOVA. The H-SCQ and the FA T1 difference scores were then standardised (z-scores) 

and directly compared using a 5 (smoking status) x 3 (age) x 2 (measure: FA T1, SCQ) 

mixed factorial ANOVA. Given gender differences in smoking, additional analyses were 
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carried out with gender as a between-groups factor. A very small effect of gender was 

found in each analysis (ηp
2 
= .018, ηp

2 
= .012, and ηp

2 
= .005 respectively). As these effect 

sizes are extremely small, these results will not be reported in detail in order to preserve 

clarity; females provided more negative evaluations in each case. 

5.2.4.3  Peer smoking prevalence.  Smoking prevalence estimates for “people your 

own age” were compared with actual Irish smoking prevalence rates (Office of Tobacco 

Control, 2010). An estimation difference score was calculated by subtracting the band 

within which the actual prevalence rate fell from the estimated prevalence band. Clear 

overestimation was defined as an estimate that exceeded the actual prevalence rate for that 

age group by more than one band (Reid, et al., 2008); an approach which minimises the 

effect of marginal overestimations. For example, if a peer prevalence estimate was in the 

51-60% band and actual prevalence for that participant’s age group was 23%, the 

estimation difference score was calculated as 51-60% minus 21-30% resulting in a value of 

3. This in turn was categorised as a clear overestimation. Between group differences in 

estimation difference scores were analysed using a 5 (smoking status) x 3 (age) ANOVA 

and multiple logistic regression analysis was used to identify predictors of clear 

overestimation. No significant between-group gender differences were found so this 

analysis will not be reported Gender will be included as a potential predictor of 

overestimation in the regression analysis. Finally, Spearman’s rho correlations were used 

to examine relationships between peer prevalence estimates and other normative indices.  

5.2.4.4  Smoking risk. One index of relative risk was calculated for the three RG 

items and another for the three RS items. RG and RS smoking risk were then analysed 

using a 5 (smoking status) x 3 (age) x 2 (measure) mixed factorial ANOVA. This 

facilitated the comparison between perceptions of personal risk relative to a general other, 

with that relative to a typical smoker. Perceived general and immediate harm from 

smoking were also analysed using a 5 (smoking status) x 3 (age) x 2 (measure) mixed 



178 

 

factorial ANOVA, facilitating a comparison between perceived long-term and short-term 

smoking harm. Between-group differences in avoidance of health-related thoughts were 

investigated using a 5 (smoking status) x 3 (age) ANOVA.  Spearman’s rho correlations 

were then used to examine relationships risk estimates, self and group identity, and 

attitudes towards smoking. Given gender differences in smoking, analyses were carried out 

with gender as an additional between-groups factor. No significant gender differences 

were found for RG and RS risks, and although a main effect of gender was found for the 

analysis of harm and avoidance (females reported higher rates of both), the effect sizes 

were extremely small (ηp
2 

= .028 and ηp
2 
= .009 respectively), so these results will not be 

reported in detail to preserve clarity. 

5.2.4.5  Associations between cognitive biases. Finally, Spearman’s rho 

correlations were used to determine the strength of the relationships between positivity, 

consensus, and optimistic risk biases. 
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5.3  Results 

5.3.1  Participant characteristics   

The demographic profile, and the average use and dependence characteristics of each smoking group, is presented below in Table 5.1 for the 

1011 participants who remained following missing data analysis. 

 

Table 5.1 Demographic Profile, Means (Standard Deviations), of Participants by Age Group and Smoking Status (N = 1011)  

 Adolescents (n = 588) Young Adults (n = 251)  Older Adults (n = 172)  

 Daily Weekly Ex-S Exper. Never Smoker Weekly Ex-S Exper. Never Smoker Weekly Ex-S Exper. Never 

 n = 140 n = 34 n = 34 n = 127 n = 253 n = 66 n = 33 n = 21 n = 76 n = 55 n = 34 n = 11 n = 62 n = 29 n = 36 

Female 64 19 19 77 156 34 20 19 63 40 24 6 44 21 29 

Male 76 15 15 50 97 32   13 2 13 10 10 5 18 8 7 

Age 

 

16.40 

 (0.91) 

16.56 

 (1.01) 

16.94 

(0.98) 

16.76 

(1.02) 

16.48 

(0.92) 

21.07 

 (1.82) 

21.14 

 (2.06) 

21.52 

(2.02) 

20.79 

(1.82) 

20.58 

(1.77) 

35.72 

(6.45) 

34.03 

 (7.15) 

38.34 

(9.02) 

31.73 

(4.92) 

33.74 

(6.50) 

Smoking History               

Age Start 13.13 

(2.29) 

14.80 

 (1.58) 

   18.83  

(2.65) 

16.42  

(2.05) 

   14.84  

(2.58) 

15.91  

(2.07) 

   

Age Daily 14.35 

(2.16) 

    15.71  

(2.47) 

    16.63  

(4.26) 

    

CPD 10.63 

(3.01) 

1.98 

(1.68) 

   9.41 

 (8.00) 

2.16 

(5.11) 

   23.92 

(39.36) 

1.13 

(2.80) 

   

FTND 3.01  

(2.40) 

0.26 

(0.57) 

   2.03  

(2.33) 

0.39 

(0.93) 

   2.91 

(2.11) 

0.82 

(1.40) 

   

Note. Ex-S, ex-smoker; Exper., experimental smoker; Never, never smoker; CPD, number of cigarettes smoked per day.  
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5.3.2  Smoking expectancies   

5.3.2.1  Explicit H-SCQ assessment  Mean H-SCQ scores were calculated for all 

of the items that loaded onto the positive factors and those that loaded onto the negative 

factors. A H-SCQ difference score (mean positive endorsement minus mean negative 

endorsement) was then calculated (see Table 5.2). All groups endorsed more negative than 

positive smoking outcomes, but the smallest difference scores were found among smokers, 

and in particular daily smokers, in each age group.  

 

Table 5.2 Mean (Standard Deviation) Positive, Negative, and H-SCQ Differences Scores 

by Smoking Status and Age 

 Adolescents Young Adults  Older Adults  

H-SCQ Pos Neg Diff Pos Neg Diff Pos Neg Diff 

Daily 

Smokers 

3.52 

(0.77) 

3.88 

(0.82) 

-0.37 

(1.02) 

3.43 

(0.78) 

3.75 

(0.84) 

-0.32 

(0.88) 

3.93 

(0.51) 

4.40 

(0.77) 

-0.48 

(0.81) 

Weekly 

Smokers 

3.01 

(0.76) 

3.69 

(0.61) 

-0.68 

(0.98) 

3.10 

(0.83) 

3.98 

(0.69) 

-0.88 

(0.93) 

3.08 

(0.87) 

4.51 

(0.65) 

-1.43 

(0.93) 

Ex-Smokers 

 

2.41 

(0.83) 

3.91 

(0.98) 

-1.50 

(1.20) 

3.16 

(0.76) 

4.31 

(0.94) 

-1.14 

(1.13) 

3.16 

(1.09) 

4.78 

(0.59) 

-1.62 

(1.31) 

Experimental 

Smokers 

2.51 

(0.90) 

4.62 

(0.80) 

-2.12 

(1.12) 

2.66 

(1.16) 

4.62 

(0.80) 

-1.97 

(1.40) 

2.84 

(1.31) 

4.63 

(0.72) 

-1.79 

(1.60) 

Never 

Smokers 

2.36 

(1.05) 

4.85 

(0.75) 

-2.48 

(1.28) 

3.16 

(1.33) 

4.79 

(0.91) 

-1.63 

(1.62) 

3.47 

(1.48) 

4.79 

(0.72) 

-1.32 

(1.95) 

 

 

To determine if groups differed in the strength of endorsement of positive versus 

negative expectancies, the H-SCQ difference score was analysed using a 5 (smoking 

status) x 3 (age) ANOVA. A significant smoking status by age interaction was found, 

F(8,996) = 4.48, p <.001, ŋp
2 

= .04. As illustrated in Figure 5.1, simple main effects of 

smoking status were found in each age group: adolescents, F(4,583) = 84.37, p <.001, ŋp
2 

= 

.37; young adults, F(4,246) = 17.18, p <.001, ŋp
2 

= .22; and older adults, F(4,167) = 4.45, p 

<.01, ŋp
2 

= .10. These results demonstrate that as age increased, the effect size decreased. 

Within the adolescent group, daily smokers were significantly less negative than ex- (p < 

.001), experimental (p < .001), and never smokers (p < .001); weekly smokers were 



181 

 

significantly less negative than ex- (p < .05), experimental (p < .001), and never smokers 

(p < .001); ex-smokers were significantly less negative than never smokers (p < .05), as 

were experimental smokers (p < .05). Within the young adult group, daily smokers were 

significantly less negative than experimental (p < .001) and never smokers (p < .001); 

weekly smokers were also significantly less negative than experimental (p < .001). Within 

the older adult group, daily smokers were significantly less negative than experimental (p 

< .01) and never smokers (p < .01). A simple main effect of age (F(2,341) = 16.18, p 

<.001, ŋp
2 

= .09) in the never-smoking group also suggests that as age increased, the 

difference score decreased; adolescents in this group were significantly more negative than 

both young adults (p < .001) and older adults (p < .001). No other significant differences 

were found. 

 

 
 

Figure 5.1 Mean H-SCQ difference scores for each smoking status and age group. Error 

bars represent standard errors. 

 

5.3.2.2  Implicit FA assessment.  FA difference scores (positive minus negative 

words generated) were calculated for each half of the task, such that a positive score 

indicated a net positive evaluation of smoking. As presented in Table 5.3, difference scores 
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remained net negative for each group in each time period, but again the smallest difference 

scores were found in the smoking groups. 

 

Table 5.3 Mean (Standard Deviation) Difference Scores by Smoking Status and Age for 

each Half of the Free Association Task 

 Adolescents Young Adults  Older Adults  

 FA T1 FA T2 FA T1 FA T2 FA T1 FA T2 

Daily -2.29 (3.77) -1.12 (2.69) -1.83 (4.37) -0.56 (3.47) -2.00 (4.86) -2.35 (3.49) 

Weekly -2.59 (3.69) -1.41 (2.34) -1.09 (2.98) -1.27 (4.03) -3.18 (5.91) -1.64 (2.87) 

Ex-Smokers -4.91 (2.86) -2.03 (2.37) -4.62 (4.80) -2.52 (3.43) -5.15 (4.60) -2.97 (3.53) 

Experimental -5.63 (3.12) -2.91 (2.60) -6.96 (4.19) -3.22 (3.24) -5.97 (4.72) -2.48 (3.49) 

Never  -6.34 (3.16) -3.04 (2.56) -7.60 (3.78) -3.51 (3.34) -6.97 (3.83) -3.06  (2.55) 

Note. FA, Free association; T1, first half of the FA task; T2, second half of the FA task 

 

These difference scores were analysed using a 5 (smoking status) x 3 (age) x 2 

(time) mixed factorial ANOVA. A main effect of smoking status (F(4,996) = 49.53, p < 

.001, ŋp
2 

= .17) and a main effect of time (F(1,996) = 149.71, p < .001, ŋp
2 
= .13) were 

found. These were qualified by a significant smoking status by time interaction, F(4,996) = 

15.43, p < .001, ŋp
2 

= .06. As illustrated in Figure 5.2, daily and weekly smokers had 

significantly higher difference scores in T1 than ex-, experimental, and never-smokers (p < 

.001 in each case). Daily and weekly smokers also had significantly higher difference 

scores in T2 than ex- (p < .001 and p < .05 respectively), experimental (p < .001), and 

never-smokers (p < .001). Significant differences between T1 and T2 scores were found 

for daily (t(239) = 3.26, p < .01, two-tailed, d = .21), ex- (t(116) = 5.48, p < .001, two-

tailed, d = .51), experimental (t(231) = 11.54, p < .001, two-tailed, d = .76), and never-

smokers (t(343) = 16.92, p < .001, two-tailed, d = .91), although the size of the difference 

was much smaller for both smoking groups and was non-significant for weekly smokers. 

No other significant interactions were found. 
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Figure 5.2 Mean FA T1 and T2 difference scores for each smoking status group. Error 

bars represent standard errors. 

 

5.3.2.3  Comparison of explicit and implicit measures.   Also of interest was a 

comparison between the relative strength of positive and negative expectancies measured 

explicitly using the H-SCQ, and those most immediately accessible to each group (as 

measured by T1 of the FA task). This was investigated by directly comparing standardised 

(z-score) H-SCQ and FA T1 difference scores using a 5 (smoking status) x 3 (age) x 2 

(measure) mixed factorial ANOVA. A significant smoking status by measure interaction, 

F(4.996) = 3.30, p < .05, ŋp
2 

= .01, and a significant smoking status by age by measure 

interaction, F(8.996) = 4.96, p < .001, ŋp
2 

= .04. In order to identify the source of the 3-

way interaction, separate 3 (age) x 2 (measure) ANOVAs were carried out for each 

smoking status. A significant age by measure interaction was found for never smokers, 

F(2,341) = 19.81, p < .001, ŋp
2 

= .10, and for experimental smokers, F(2,229) = 3.48, p < 

.05, ŋp
2 

= .03. As depicted in Figure 5.3, adolescent never smokers gave significantly less 

negative scores on the FA than on the H-SCQ measure, t(252) = 4.31, p < .001, two-tailed, 

d = .27), while significantly more positive H-SCQ scores were given by young adults, 

t(54) = 3.16, p < .01, two-tailed, d = .43. Neither the scores for older adult never smokers, 
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nor the differences between experimental smoker groups, remained significant when 

Bonferroni corrections were made 

 

Never Smoker Experimental Smoker 

  

 

Figure 5.3 Never smoker and experimental smoker mean standardised FA T1 and H-SCQ 

difference scores. Error bars represent standard errors. 

   

 

 

Figure 5.4 Mean standardised FA T1 and H-SCQ difference scores by smoking status. 

Error bars represent standard errors. 

 

No 3-way interaction was found in the same analysis in Study 1 (see section 2.3.4), 

but a significant smoking status by measure interaction was observed, so post-hoc analysis 
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of the smoking status by measure interaction found in these results was carried for 

comparative purposes. Significant differences (p < .001 in each case) were found between 

all smoking status groups other than never and experimental smokers, and weekly and 

daily smokers (see Figure 5.4). The only significant difference between explicit and 

implicit measurement scores was found in the daily smoking group, t(239) = 2.69, p < .05, 

two-tailed, d = .17. 

Finally, different patterns of associations were found between expectancies and 

smoking behaviour in each age group. While no significant correlations were found for 

weekly adolescent smokers, the age daily smoking commenced and FA T1 positive words 

generated were positively correlated (r = .28, p < .01) in daily smokers, as were FTND and 

H-SCQ positive subscale scores (r = .25, p < .01). No significant correlations were found 

for young adults, but a very strong negative correlation was found between the age 

smoking started and FA T1 negative words generated in older adult weekly smokers (r = -

.70, p < .05) and FTND scores were significantly positively correlated with H-SCQ 

negative subscale scores in the same group (r = .69, p < .05). FA T1 negative words 

generated and H-SCQ negative subscale scores were themselves strongly correlated (r = 

.54, p < .001). No significant correlations were found for older adult daily smokers. 

5.3.3  Peer prevalence estimation   

The majority of adolescents clearly overestimated peer prevalence rates regardless 

of smoking status (see Table 5.4). Most young adult daily, weekly, and ex-smokers also 

overestimated peer prevalence, although less overestimation was seen for experimental and 

never-smokers. Older adults are consistently better at estimating peer prevalence yet some 

still clearly overestimate, and interestingly the highest rate of overestimation was found in 

the never smoking group. No gender differences were found in any group. As illustrated in 

Figure 5.5, a clear linear decline in overestimation was seen with age, regardless of 

smoking status.  
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Table 5.4 Median Peer Smoking Prevalence Estimates, and Percentage of Clear 

Overestimation within Group, by Age and Smoking Status. 

 Adolescent Young Adult Older Adult 

 Median % Over Median % Over Median % Over 

Daily 71-80% 97.1 61-70% 81.8 45-54% 25.0 

Weekly 61-70% 97.1 51-60% 75.8 21-30% 13.8 

Ex-smoker 61-70% 91.2 61-70% 76.2 21-30% 24.2 

Experimental 51-60% 86.6 31-40% 48.7 21-30% 27.3 

Never 

smoker 

41-50% 82.2 31-40% 49.1 21-30% 50.0 

Note. Actual smoking prevalence rates were: 14.2%, 15-17 years; 27.3%, 18-24 years; 30.3%, 25-

34 years; 25.7%, 35-44 years; 23%, age 45 and over (Office of Tobacco Control, 2010). 

 

 

 

 Figure 5.5 Mean estimation difference scores (perceived minus actual prevalence) by age 

and smoking status. Error bars represent standard errors. 

 

In order to isolate the impact of smoking status and age, estimation difference 

scores (actual peer prevalence minus estimated) were analysed using a 5 (smoking status) 

x 3 (age) ANOVA. A main effect of smoking status, F(4,996) = 21.64, p < .001, ηp
2 

= .08, 

and a main effect of age, F(2,996) = 153.64, p < .001, ηp
2 

= .24, were found. Post-hoc 

analysis revealed that daily smokers were significantly more likely to overestimate than 

weekly (p < .05), ex- (p < .01), experimental (p < .001), and never (p < .001) smokers. 
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Weekly smokers were only more likely to overestimate than never smokers (p < .05), but 

ex-smokers significantly overestimated in comparison to both experimental (p < .05) and 

never (p < .01) smoking groups. In addition, adolescents were significantly more likely to 

overestimate than both younger     (p < .001) and older (p < .001) adults.   

5.3.3.1  Predicting peer overestimation. A variety of different factors have been 

associated with overestimation of peer smoking in the literature. The following variables 

were entered into a multiple logistic regression analysis (model 1) to determine those 

which best predict overestimation of peer smoking in this sample: percentage friends 

smoking, perceived prevalence of smoking “in your school, college or work place”, being 

around smoking, seeing smoking on a regular basis, age, gender, and smoking status.  

 

Table 5.5 Beta Values, Standard Errors, and Odds-ratios with 95% Confidence Intervals 

for the Factors Associated with Overestimation of Peer Smoking Prevalence in each 

Model 

    95% CI for Odds Ratio (OR) 

  (SE) 2
 (df) R

2
 Lower OR Upper 

Model 1:  599.73*** (10) .64    

   % Friends smoking    .42 (.07)***   1.33 1.53 1.76 

   % Group smoking    .84 (.08)***   2.00 2.33 2.70 

   Age   -.10 (.02)***     .88   .90   .94 

   Others smoking   -.24 (.16)     .58   .79 1.08 

   Around smoking   -.03 (.14)     .73   .97 1.28 

   Gender (male)    .39 (.23)     .95 1.47 2.29 

   Smoking Status    11.88* (4)     

       Experimental    1.07 (.42)*   1.28 2.92 6.65 

       Ex-smoker      .34 (.40)     .64 1.41 3.07 

       Weekly smoker    1.01 (.46)*   1.12 2.76 6.80 

       Daily smoker      .20 (.49)     .46 1.22 3.20 

   Constant  -2.06 (.88)*        .13  

       

Model 2:  594.18*** (7) .64    

   % Friends smoking    .39 (.07)***   1.30 1.48 1.68 

   % Group smoking    .82 (.07)***   1.97 2.27 2.62 

   Age   -.10 (.02)***     .88   .91   .94 

   Smoking Status    12.66* (4)     

       Experimental    1.10 (.41)**   1.34 2.99 6.70 

       Ex-smoker      .37 (.39)     .67 1.44 3.12 

       Weekly smoker    1.06 (.46)*   1.18 2.90 7.12 

       Daily smoker      .21 (.49)     .48 1.24 3.21 

   Constant   -2.60 (.69)***      .07  

Note. Nagelkerke R
2
 values are reported. 

*p < .05, ** p < .01, *** p < .001. 
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Clear overestimation of peer smoking was found to be best predicted by the 

percentage of close friends who smoke, perceived prevalence in their own school, college 

or work place, age, and smoking status. This model had an overall prediction success rate 

of 86.7%, correctly predicting 93% of clear overestimation and 71% of non-

overestimation. Seeing others smoke, being around smoking and gender were not found to 

be significant predictors, so the regression analysis was rerun without these variables 

(model 2). Prediction success was only marginally reduced (86.4%) for this more 

parsimonious model which correctly predicted 92.4% of clear overestimation and 71.3% of 

non-overestimation. Model-fit statistics are presented in Table 5.5. 

5.3.3.2  Relationship with other constructs. Associations between overestimation 

of peer prevalence (estimation difference and clear overestimation scores), seeing and 

being around smoking, self-identity, group identity, moral and subjective norms were 

assessed using Spearman’s rho correlations. Being around smoking was significantly 

correlated with estimation difference (rs = .37, p < .001) and with clear overestimation (rs 

= .37, p < .001), as was self-identity (rs = .22 and rs = .15, p < .001) and own-view of 

smoking (rs = .21 and rs = .15, p < .001), although in both cases these correlations were 

very small and neither variable significantly improved the logistic regression model.          

5.3.4  Smoking risk assessment  

Mean risk ratings for each of the risk items measured are presented in Table 5.6. In 

each case, a higher score means higher levels of perceived risk, avoidance, and harm. 

5.3.4.1  Relative risk.  As illustrated in Figure 5.6, a roughly linear increase in 

perception of relative smoking risk levels was seen with increased smoking. A score of 9 

indicates a level of risk comparable to others of the same age. Risk relative to other 

smokers was rated slightly slower than general relative risk in each age group, but all 

groups other than daily smokers appeared optimistic in both RG and RS risk perceptions. 
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Table 5.6 Mean (Standard Deviation) Participant Risk Profile by Age and Smoking Status 

 RG 

( = .90) 

RS 

( = .94) 

Avoid HR 

 

Perceived 

Harm 

( = .66) 

Immediate 

Harm 

( = .76) 

Adolescent      

   Daily 10.51 (3.04) 10.34 (3.07) 3.67 (1.82)  3.13 (0.60) 2.87 (0.95) 

   Weekly  7.35 (3.18)  7.79 (3.34) 2.88 (1.30)  3.17 (0.56) 3.03 (0.98) 

   Ex-smoker  6.74 (3.59)  6.68 (3.56) 2.65 (1.82)  3.35 (0.62) 3.08 (0.79) 

   Experimental  5.90 (3.59)  6.74 (4.64) 1.96 (1.47)   3.57 (0.49) 3.35 (0.75) 

   Never smoker  5.16 (3.01)  5.43 (3.68) 1.91 (1.70)   3.57 (0.47) 3.38 (0.72) 

Young Adult      

   Daily 10.70 (3.32) 10.12 (3.48) 3.59 (1.95)  3.12 (0.54) 2.81 (0.99) 

   Weekly  8.73 (3.61)  7.61 (3.58) 3.03 (1.45)   3.52 (0.47) 3.39 (0.58) 

   Ex-smoker  7.43 (3.92)  6.43 (3.50) 2.57 (1.83)   3.43 (0.72) 3.21 (0.90) 

   Experimental  5.78 (2.77)  4.83 (2.67) 2.05 (1.57)   3.70 (0.40) 3.56 (0.61) 

   Never smoker  5.16 (2.05)  4.00 (1.32) 1.51 (1.29)   3.80 (0.37) 3.58 (0.64) 

Older Adult      

   Daily 11.94 (2.90) 10.68 (2.87) 2.76 (1.56)   3.59 (0.53) 3.56 (0.66) 

   Weekly  9.18 (2.56)  8.18 (2.09) 2.45 (1.70)   3.88 (0.22) 3.23 (0.93) 

   Ex-smoker  7.35 (2.98)  5.68 (3.24) 1.55 (1.11)   3.87 (0.25) 3.41 (0.78) 

   Experimental  5.41 (2.03)  4.31 (2.11) 1.86 (1.48)   3.83 (0.39) 3.33 (0.70) 

   Never smoker  4.94 (1.87)  3.97 (1.52) 1.69 (1.74)   3.88 (0.28) 3.57 (0.67) 

Note. RG, relative general risk; RS, relative smoker risk; HR, health-risk 

 

 

 
 

Figure 5.6 Mean RG and RS risk ratings for each smoking status group. Error bars 

represent standard errors. 
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Between-group differences in RG and RS risk were analysed using a 5 (smoking 

status) x 3 (age) x 2 (measure: RG, RS) mixed factorial ANOVA. No 3-way interaction 

was found, nor was there a significant smoking status by measure interaction, but a 

significant age by measure interaction was located, F(2,996) = 71.64, p < .001, ηp
2 

= .03 

(see Figure 5.7). Post-hoc analysis revealed that young adults rated RG risk significantly 

higher than RS risk, t(250) = 5.33, p < .001, two-tailed, d = .34. A similar pattern was 

found for older adults, t(171) = 6.25, p < .001, two-tailed, d = .48, but ratings did not differ 

significantly for adolescents. In all age groups mean risk ratings were higher relative to 

comparable others. 

A significant main effect of smoking status is also evident, F(4,996) = 119.46, p < 

.001, ηp
2 

= .32 (see Figure 5.6). Daily smokers perceived significantly more risk than all 

other groups (p < .001 for each). Weekly smokers also perceived significantly more risk 

than ex- (p < .05), experimental and never-smokers (p < .001 for both). Ex-smokers gave 

significantly higher risk estimates than never-smokers (p < .001), as did experimental 

smokers (p < .05). 

 

 
 

Figure 5.7 Mean RG and RS risk ratings for each age group. Error bars represent standard 

errors. 
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5.3.4.2  Perceived harm from smoking.  Perceived general and immediate harm 

from smoking were also analysed using a 5 (smoking status) x 3 (age) 2 (measure) mixed 

factorial ANOVA. A main effect of measure was found, F(1,996) = 63.41, p < .001, ηp
2 

= 

.06, and a post-hoc t-test illustrated that perceived general harm scores (M = 3.52, SD = 

0.54) were significantly higher than those for immediate harm (M = 3.28, SD = 0.82), 

t(1010) = 9.46, p < .001, two-tailed, d = .30. No other significant effects of measure were 

found, however, a significant smoking status by age interaction was noted, F(8,996) = 

3.25, p < .001, ηp
2 

= .03. Post-hoc analysis revealed a main effect of smoking status for 

adolescents, F(4,583) = 21.58, p < .001, ηp
2 

= .13, and for young adults, F(4,246) = 21.18, 

p < .001, ηp
2 

= .26, but not for older adults (see Figure 5.8). Adolescent daily and weekly 

smokers gave significantly lower harm estimates than experimental (p < .01) and never 

smokers (p < .001). Young adult daily smokers gave lower harm estimates than weekly (p 

< .001), ex- (p < .05), experimental (p < .001), and never (p < .001) smokers.  

 

 
 

Figure 5.8 Mean perceived harm scores for each age and smoking status group. Error bars 

represent standard errors. 

 

A main effect of age was also found in each smoking status group: daily, F(2,237) 

= 13.36, p < .001, ηp
2 

= .10, adolescents and young adults gave lower ratings than older 
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lower ratings than younger adults (p < .05); ex-smoker, F(2,114) = 8.23, p < .001, ηp
2 

= 

.13, adolescents (p < .001) and young adults (p < .05) gave lower ratings that older adults;  

experimental, F(2,229) = 3.43, p < .05, ηp
2 

= .03, adolescents gave lower ratings than 

young adults (p < .05); and never smokers, F(2,341) = 7.87, p < .001, ηp
2 

= .04, 

adolescents gave lower ratings than younger and older adults (p < .01 for each).  

5.3.4.3  Avoiding health-related thoughts.  A 5 (smoking status) x 3 (age) 

ANOVA of avoidance of health-related thoughts found a main effect of smoking status, 

F(4,996) = 71.0, p < .001, ηp
2 

= .10, and a main effect of age group, F(2,996) = 5.36, p < 

.01, ηp
2 

= .01. Post-hoc analysis revealed a linear increase in avoidance with increased 

smoking (see Figure 5.9). Avoidance in daily smokers was significantly higher than 

weekly (p < .05) and ex-, experimental, and never smokers (p < .001 for each). It was also 

significantly higher in weekly smokers than in ex- (p < .01), experimental and never 

smokers (p < .001 for each). No significant differences were found among non-smoking 

groups. Avoidance was also significantly higher in adolescent and young adults than in 

older adults (p < .01 for each).  

 

  

 

Figure 5.9 Mean health risk avoidance scores for smoking status and for age groups. Error 

bars represent standard errors. 
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5.3.4.4  Relationship with other constructs.  Associations between risk estimates, 

self-identity, group identity, seeing and being around smoking, attitudes to smoking , 

subjective and moral norms were assessed using Spearman’s rho correlations. Only those 

factors with at least some significant correlations above .25 are presented in Table 5.7. 

 

Table 5.7 Spearman’s Rho Correlations between Risks and Self-identity, Environmental 

Smoking, Attitudes to Smoking, Subjective and Moral Norms 

 RG RS General Harm Immediate Harm Avoid HR 

Self-identity .54 *** .53 *** -.34 *** -.22 *** .49*** 

Around Smoking .25 *** .28 *** -.22 *** -.14 *** .27 *** 

Like Smoking .47 *** .41 *** -.31 *** -.21 *** .45 *** 

Own View .27 *** .27 *** -.42 *** -.27 *** .39 *** 

Friend SN .22 *** .17 ***       -.06 *           -.09 ** .15 *** 

Best Friend SN .21 *** .14 ***       -.06 *         -.09 ** .13 *** 

Moral Norms .25 *** .20 ***  -.39 ***   -.30 *** .38 *** 

Note. SN, Subjective norm; RG, Relative to general risk; RS, Relative to smoker risk; Avoid HR, Avoidance 

of health risk thoughts; *** p < .001; ** p < .01; * p < .05 

5.3.5  Associations between cognitive biases.  Spearman’s rho correlations 

between positive expectancy bias, overestimation of peer prevalence, and risk scores were 

examined to determine the strength of the relationships between these cognitive biases. 

Small but consistent significant relationships (p < .001) were found between smoking 

expectancies and risk. H-SCQ difference scores were negatively related to general harm (rs 

= - .33), and positively related to RG risk (rs = .35), RS risk (rs = .32), and avoidance (rs = 

.39). FA T1 difference scores were also negatively related to general harm (rs = - .31), and 

positively related to RG risk (rs = .32), RS risk (rs = .30), and avoidance (rs = .36).      

5.4  Discussion 

5.4.1  Smoking expectancies  

This study first examined the accessibility and availability of smoking expectancies 

in individuals of diverse age and smoking status. As expected, daily and weekly smokers 

of all ages gave more positive explicit evaluations of smoking than non-smokers, and as 
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age increased, the size of the smoking status effect decreased. The most positive group was 

young adult daily smokers, closely followed by adolescent daily smokers. Although 

smoker and ex-smoker evaluations of smoking became more negative with age, this 

pattern was reversed in the experimental and never-smoker groups. This suggests that 

younger experimental and never smokers are very aware of the negative consequences of 

smoking, even if tempted to try smoking themselves. When smoking expectancies were 

measured implicitly, daily and weekly smokers of all ages were again most positive about 

smoking, although all groups were net negative overall. Similar smoking status differences 

were observed in Study 1, although adolescent smokers were net positive overall in that 

sample. In this study, young adult daily smokers gave the least negative evaluation, 

followed by older adults. Young adults were also least negative in the weekly smoking 

group, but in this case older adults were most negative. Age-related differences were also 

found in the comparison of explicit and implicit smoking expectancy measures in the 

experimental and never-smoking groups. In both cases, adolescents were more positive 

about smoking on the implicit measure.   

The results of this study are therefore broadly in line with those presented in 

Chapter 2, and with previous research which has found a positive memory bias for 

smoking-related information in smokers using explicit (Lewis-Esquerre, et al., 2005; Rash 

& Copeland, 2008) and implicit (C. B. Anderson, et al., 2002; Leung & McCusker, 1999) 

measures. Explicit measurement was again successful at identifying a positive memory 

bias for smoking-related information in smokers, and a similar age effect was evident to 

that found in Study 1. Older adult daily, weekly, and ex-smokers gave the most negative 

explicit evaluations of smoking, while similar evaluations were given by adolescents and 

young adults. Implicit FA assessment was also successful at identifying a positivity bias. 

Again, smokers were significantly more positive than non-smokers in both FA periods, 

and the disparity between smoker and non-smoker FA difference scores was much larger 
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in the first half than in the second half of the task. Additionally, no effect of age was seen 

in the FA analysis, which is comparable to previous findings. 

In contrast to Study 1 results, all groups gave an overall negative FA evaluation of 

smoking which supports the findings of Leung and McCusker (1999). It should be noted 

that the adolescents and young adults in this study were significantly younger, on average, 

than those in Study 1 (see section 4.3.2.1 for the participant comparison), and it is 

recognised that children and younger adolescents give higher negative evaluations of 

smoking than older adolescents (O'Connor, et al., 2007). Furthermore, although there were 

no between-sample differences in either cigarette use or nicotine dependence, the positive 

association between age daily smoking commenced and the number of positive FA T1 

smoking expectancies, in both adolescent and young adult daily smokers, suggests that 

greater numbers of positive expectancies were accessible by those who commenced daily 

smoking most recently. Nevertheless, a clear distinction is evident between the FA T1 

differences scores of smokers and non-smokers, and the fact that greater numbers of 

positive expectancies are highly accessible to smokers is likely to exert an automatic 

maintaining influence on their behaviour (Palfai, 2002). It is also interesting to note the 

presence of a very strong relationship between highly accessible FA negative smoking 

expectancies in older adult weekly smokers who commenced smoking at a young age, and 

the fact that this group give higher explicit endorsements of negative smoking 

expectancies. Neither of these relationships were found in any other smoking group which 

suggests that although these older adults do smoke occasionally, the accessible negative 

smoking expectancies act as a protective factor which may prevent escalation to daily 

smoking (Sherman, et al., 2003).   

Different results were found when explicit and implicit expectancy scores were 

compared in each study. Whereas Study 1 smokers gave significantly more positive 

evaluations of smoking in FA T1 than on the H-SCQ task, no differences were found 
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between the two measures for weekly smokers in this study, and daily smokers gave 

significantly more positive evaluations on the H-SCQ measure. Further replications of 

these results are required in order to determine which pattern of results is more valid. A 

novel finding in this study is the fact that adolescent never and experimental smokers give 

more positive implicit evaluations of smoking in comparison to those found with the 

explicit measure. It is possible that these FA results are highlighting an early indication of 

increasing numbers of positive smoking associations in this group, which could potentially 

be predictive of smoking initiation or escalation. Taken together, these results further 

support the value of examining the relative difference between positive and negative 

evaluations of smoking, and the importance of distinguishing between memory 

associations that are highly accessible and those only available with conscious searching. 

5.4.2  Peer prevalence estimation  

The second aim of the study was to examine estimation of perceived peer smoking 

prevalence in adolescent and adult smoking and non-smoking groups. As expected, clear 

patterns of overestimation were found, and the extent of this overestimation, which is 

analogous to the size of the FCE, decreased with age. FCE was also predicted to increase 

with smoking experience, and the results mainly support this hypothesis. In all age groups, 

the largest FCE was found in daily smokers and the smallest in never-smokers. Adolescent 

overestimation clearly increased with experience, although ex-smokers demonstrated a 

FCE comparable to that of weekly smokers. A similar pattern was found for young adults, 

but in this case ex-smokers overestimated to a greater extent than weekly smokers, and 

were only marginally better at estimation than daily smokers. In older adults, never, 

experimental and ex-smokers overestimated the least, and to roughly the same extent as 

each other, but FCE increases were seen for weekly and for daily smokers. Across the 

groups, clear overestimation of peer smoking prevalence was best predicted by having 

large numbers of friends who smoked, perceiving high levels of smoking in the work, 
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college, or school group, participant age, and current smoking behaviour. Contrary to 

expectations, seeing smoking and being around smoking did not significantly contribute to 

the FCE.  

Both the clear linear decline in overestimation with age and the increase in 

overestimation with smoking experience in the adolescent and young adult age groups 

support previous research results (Hoffman, et al., 2006; Otten, et al., 2009; Sutton & 

Bolling, 2003).  The third key finding from this study,  that the percentage of friends and 

the percentage of group who smoke account for the largest proportion of FCE, also 

supports previous findings (Reid, et al., 2008; Unger & Rohrbach, 2002). The results of 

this study also demonstrate the predictive value of current smoking behaviour in the 

experimental and weekly smoking groups. This supports the findings of Reid and 

colleagues (Reid, et al., 2008) and challenges those that find no impact of current smoking 

behaviour on peer prevalence estimation (Unger & Rohrbach, 2002), and those that simply 

suggest that smokers will overestimate to a greater extent than non-smokers (Sussman, et 

al., 1988).  Taken together, these findings can be attributed to both a selective exposure 

and to a motivational self-enhancement explanation of FCE (Sherman, 1983; Sutton & 

Bolling, 2003).  

From a selective exposure perspective, the sampling frame available to an 

adolescent or young adult is likely to be smaller than that available to an older adult. For 

example, although actual smoking prevalence may be quite low among adolescents, a 

larger proportion of their sample may be made up of smokers. In this case, the relative 

balance of smokers and non-smokers in their peer group could be extrapolated to the wider 

population. It was expected that seeing smoking and being around smoking would have 

significantly predicted FCE, but this was not the case in this sample. It is likely, however, 

that any effect of these variables had already been accounted for by including the 

percentage of peer group who smoke in the model, and this was found to be a significant 
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predictor. The selective exposure hypothesis can also explain the finding that younger 

experimental and never-smokers, particularly those in the adolescent group, also clearly 

overestimate peer smoking prevalence. It would be expected that these individuals 

associate with larger numbers of smoking peers thus skewing their sampling frame (Marks 

& Miller, 1987). A different impact of smoking status which warrants closer attention is 

seen in the older adult group. It would be insufficient to conclude that older adults are 

better able to estimate peer smoking prevalence due to larger and more heterogeneous 

sampling frames alone as this cannot account for the fact that the highest level of 

overestimation occurred in the never-smoking group. A motivational explanation of FCE 

(Gibbons & Gerrard, 1995) is more likely in this case. 

The high levels of overestimation seen in older adult never-smokers could be 

indicative of a false-uniqueness effect (Suls, et al., 1988), whereby these adults are 

responding to the deviant nature of smoking and self-enhance by overestimating their 

distinctiveness relative to others of the same age. Accepting that smoking is a deviant 

behaviour for people of all ages allows a similar argument to be made for the 

overestimation that is seen in younger never-smoking groups. Motivational explanations of 

FCE can also account for the finding that adolescent and young adult smokers 

overestimate peer prevalence to a greater extent than non-smokers of the same age. In this 

case, the smokers are likely to be distorting the consensus to support their own deviant 

behaviour (Marks & Miller, 1987). Given that no significant relationships were found 

between overestimation and the implicit measurement of smoking expectancies, it is 

difficult to provide support for the salience and cognitive availability hypothesis with these 

results. 

In summary, the findings from this study demonstrate the existence of a FCE for 

peer smoking prevalence. They illustrate that although the extent of overestimation differs 

with both age and smoking status, it is best predicted by having a predominately smoking 
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peer group and larger numbers of friends who smoke. Both self-enhancement and selective 

exposure explanations of FCE can be supported by these results and it is possible that they 

operate simultaneously to produce the overestimation (Marks & Miller, 1987). These 

findings raise an issue for intervention programmes in terms of how best to build realistic 

perceptions of peer prevalence despite the influence of proximal social and environmental 

factors.  

5.4.3  Optimistic risk bias   

The study finally aimed to assess whether optimistic risk biases were present in any 

of the participant groups, and how these biases might be influenced by age and smoking 

status. It was expected that smokers of all ages would exhibit some degree of optimistic 

risk bias in comparison to non-smokers. This hypothesis was only partially supported by 

the results here. In terms of relative risk, daily smokers did not exhibit an optimistic risk 

bias. All other groups were optimistic relative to both an average person and to an average 

smoker, but an increase in risk awareness was demonstrated with increased smoking 

experience. An optimistic bias was more evident in the case of perceived harm from 

smoking. All groups gave significantly lower immediate harm ratings in comparison to 

general harm, but as predicted, the extent of the difference between the two was 

significantly larger for younger smoking groups. An increasing tendency to avoid health-

related thoughts was also demonstrated with increased smoking experience, and by 

adolescents and young adults in comparison to older adults. 

Daily smokers were in fact the only group to rate their own risk as higher than that 

of an average person and of a typical smoker their own age. All other smoking status 

groups demonstrated RG and RS optimistic biases. These findings echo those of Quadrel 

and colleagues (1993), and in both studies this unrealistic risk rating was similar for all 

ages. Although a small effect of age was found, this related to the difference between the 

RG and RS ratings. Adolescents gave similar ratings on both measures, while each adult 
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group felt they were more at risk relative to an average person, than to a typical smoker 

their own age. Quite a strong relationship was found between self-identity and both 

relative risk ratings, so these results cannot be explained by the suggestion that smokers 

did not consider themselves to be similar to a “typical smoker”.  The results therefore 

suggest that people are not good at estimating their own risk even when a relative risk 

measure is used. An increasing awareness of risk is demonstrated in line with increasing 

smoking experience. This suggests that although all weekly, ex-, and experimental 

smokers underestimated their RG and RS risks in absolute terms, these groups are aware 

that they are at more risk than never-smokers, and they therefore do not display an 

optimistic relative risk bias by comparison. These results challenge previous research that 

has found a consistent optimistic risk bias in smokers relative to non-smokers (Cohn, et al., 

1995; Hansen & Malotte, 1986; Klein & Weinstein, 1997; Quadrel, et al., 1993). Instead, 

they support the view that smokers, regardless of age, are aware of the risky consequences 

of smoking (Slovic, 1998). Furthermore, the same pattern of responding was identified for 

health and addiction risk, so smokers seem to be as aware that they are at more risk of 

addiction with increasing levels of smoking experience, which again challenges previous 

research findings (N. D. Weinstein, 2001).  

In relation to the perceived harm of smoking, general harm scores were 

consistently higher than immediate harm scores across the groups. All participants, 

regardless of their age or smoking status, held a more optimistic view of the short-term 

risks of smoking in comparison to longer-term risks. These results highlight the 

importance of considering the context of the risk assessment, and they support Viscusi’s 

(1992) assertion that when smoking risk is being estimated, it is essential to understand 

whether the participant is in fact judging the short- or the long-term risk of smoking. By 

extension, it becomes necessary to investigate if it is the short-term, long-term, or both 

perceived risk assessments that most influence smoking intentions and behaviour. In other 
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words, it is important to understand which type of perceived risk most influences the 

smoking decision.  

Smoking status and age were also found to influence perceptions of smoking harm. 

Both adolescent and young adult daily smokers saw significantly less immediate harm 

from smoking than non-smokers of the same age, and they saw significantly less 

immediate harm than older adult daily smokers. The same optimistic bias is evident in 

adolescent weekly smokers. These results are consistent with the claim that adolescents 

hold a particularly optimistic view of the short-term harm from smoking (Romer & 

Jamieson, 2001).  A linear increase in avoidance of health-related thoughts was also found 

with increased smoking experience, and avoidance was more likely in younger age groups. 

It was also positively associated with identifying oneself as a smoker, liking smoking, and 

holding a favourable view towards smoking in important others. The combination of an 

optimistic view of the immediate harm from smoking, and avoidance of the health-related 

consequences, reduces the vulnerability the individual is likely to feel and, in concert with 

favourable attitudes, this increases their willingness to engage in smoking behaviour 

(Gerrard, et al., 2008).  

In summary, while similar patterns of optimistic bias were found between 

adolescents and adults from 19 to 25 years of age, the same bias was not seen in older 

adult groups. As few studies have examined personal risk perceptions across varied age 

groups, no consistent pattern of age-related differences is available for comparison; 

however, the findings of this study broadly support those of Cohn and colleagues (1995) 

who illustrated that although adolescents displayed less general optimistic risk bias than 

their parents, those who were involved in risky health behaviours such as smoking did 

recognise their increased vulnerability to harm to some extent. Moreover, they recognised 

that increased involvement with the risky behaviour would further increase their own risk 

of harm. Taken together, these results demonstrate the importance of investigating 



202 

 

developmental patterns of risk perception, in conjunction with smoking experience 

differences. 

5.4.4  Limitations   

Some methodological limitations should be taken into account in the interpretation 

of these results. The overall sample size for Study 3 was moderately large but the relative 

sample size of each of the groups varied considerably. There were substantially more 

adolescent never-smokers than smokers, and weekly smoker numbers were particularly 

low in each age group. Gender was also unbalanced across the groups, so although few 

gender differences were found, it would be prudent to repeat this research in more gender-

balanced groups. Smokers’ dependence scores remained quite low which is consistent with 

Study 1 and facilitates comparison of findings between the samples, but it potentially 

limits the generalisability of the results to more heavily dependent groups.  

From an analytical perspective, two difficulties arise when a factorial design has 

cells of unequal size (Tabachnick & Fidell, 2007). Firstly, there is the problem of 

determining if the marginal mean should be the mean of the cell means, or if it should be 

the mean of the individual scores. Secondly, the sources of variability within the dataset 

contain overlapping variance which can be attributed to more than one source, resulting in 

a non-orthogonal factorial design. Equalising cell sizes by random deletion of cases is 

unsuitable in this and in many experimental designs. Tabachnick and Fidell (2007) 

recommend that ANOVA analyses are carried out with the assumption that each cell mean 

is given equal weight regardless of sample size, and that interactions are considered after 

their component main effects. This is the default option in SPSS GLM, which is what was 

used in all of the ANOVA analyses reported in this thesis. Significant main effects were 

also considered concurrently with attendant interactions so as to reduce the likelihood of 

making a type I error. Finally, although different response methods were used in this study 
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(i.e., online and paper versions of the survey), this is not expected to have influenced the 

results (E. T. Miller, et al., 2002).  

5.5  Conclusion 

The current findings indicate that patterns of cognitive biases are detectable, to 

greater and lesser extents, in daily, weekly, and experimental smokers of all ages. These 

positivity, FCE, and optimistic immediate harm biases may facilitate the continued 

maintenance, and potential escalation, of smoking behaviour. In addition, the FCE for peer 

smoking prevalence is so pronounced in adolescent never-smokers that it may influence 

smoking initiation as these adolescents feel motivated to conform to social norms, despite 

the fact that these themselves are overestimated. Having detected that these biases are at 

work, it is now important to try to quantify the extent to which each influences smoking 

intentions and smoking behaviour. The final objective of this study was to incorporate 

these measures of positivity, overestimation, and risk bias into a socio-cognitive model of 

smoking behaviour, and these findings will now be presented in Chapter 6. 
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Chapter 6: Contribution of Cognitive Biases to the Prediction of Smoking Intent and 

Current Smoking Behaviour (Study 3) 

6.1  Introduction 

It has been established in this thesis thus far that a range of cognitive biases are 

associated with smoking behaviour, and the analysis of Study 3 data presented in the 

previous chapter found differential patterns of smoking expectancy positivity bias, FCE for 

peer smoking prevalence, and optimistic risk bias, in a group of participants heterogeneous 

in age and smoking experience. Given the ability of these variables to distinguish between 

participants in this way, it is likely that a model of smoking behaviour would benefit from 

their inclusion. There is growing empirical evidence that supports the extension of the 

basic TPB model to include additional social influence, social identity, affect, and 

behavioural variables, in an attempt to improve its ability to predict addictive behaviours. 

This chapter will review the evidence in relation to those factors considered particularly 

relevant to smoking. It will then consider the possibility that extending the model to 

include smoking-related cognitive biases will further improve its utility in explaining 

smoking behaviour. To the best of the author’s knowledge, this constitutes the first attempt 

to extend TPB models in this way. 

6.1.1  TPB models of smoking behaviour 

Much previous research on the socio-cognitive factors associated with health-

related behaviours, including smoking, has been based on the TPB model (Ajzen, 1988, 

1991). As described in Chapter 1, and as illustrated in Figure 6.1 below, this model 

suggests that attitudes, subjective norms (SN), and self-efficiacy beliefs (PBC) predict 

people’s behavioural intentions, while a combination of PBC and intentions proximally 

determine the behaviour itself. According to Ajzen (1991), behavioural intentions are 

assumed to encompass the motivational factors that influence behaviour, while PBC 

measures the individual’s perception of how easy or difficult it is to execute that 
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behaviour. In situations where an individual has complete volitional control, intentions 

would exert the only direct influence on behaviour, but when behaviour is not under 

complete volitional control PBC moderates the relationship between attitudes and 

behaviour such that higher PBC levels would predict stronger attitude-behaviour links 

(Moan & Rise, 2006). Furthermore, the TPB model is regarded as a complete model of 

behaviour as all other influences impact behaviour via existing components of the model - 

that is attitudes, SN, and PBC (Conner & Armitage, 1998). The model therefore suggests 

that the key stages in a smoking-initiation decision, for example, would be: forming 

impressions of the costs and benefits of smoking; developing positive attitudes towards 

smoking; believing that important others endorse smoking; doubting one’s ability to refuse 

pressures to smoke; and forming future smoking intentions (Petraitis, et al., 1995). 

 

       Figure 6.1. The theory of planned behaviour (TPB) model (Adapted from Ajzen, 

1991). 

 

In a meta-analysis of the efficacy of TPB models, Armitage and Conner (2001) 

found a significant interaction between PBC and intentions in 47% (9 of 19) of studies 

reviewed. At least some aspects of smoking have been successfully predicted by this 

model: for example, regular smoking in primary and secondary school children (de Vries 

& Kok, 1986); smoking initiation in adolescents (Chassin, 1984); and general smoking 
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behaviour in adolescents (Higgins & Conner, 2003; Maher & Rickwood, 1997; Petraitis, et 

al., 1995; Vries, Backbier, Kok, & Dijkstra, 1995) and in adults (Godin, et al., 1992). 

Chassin (1984) also found that intentions were most predictive for experimental smokers, 

but poorly predictive of regular smoking; no differences were found in the pattern of 

predictions for sex, or age. TPB models have also successfully predicted intentions to quit 

(Rise, Kovac, Kraft, & Moan, 2008) and smoking reduction in adolescents (Moan & Rise, 

2006).  

Despite these successes, the robust relationship seen between intentions and many 

health-related behaviours is weakened in addiction (McCusker, 2001), where substance-

use often continues despite intentions to quit.  In a review of TPB smoking models, 

McMillan and Conner (2003) determined that the TPB components accounted for an 

average of 48% of variance in smoking intentions, which is similar to general TPB model 

efficacy findings (Armitage & Conner, 2001), but they accounted for less than 10% of the 

variance in smoking behaviour. Additionally, Sutton (1989) found that the attitudinal 

component of these models was a more important predictor of intention than subjective 

norms, albeit that the two constructs were themselves significantly positively correlated. 

These findings suggests that basic TPB smoking models are reasonably successful in 

accounting for habitual behavioural intentions but less so for the behaviour itself (Sheeran, 

Trafimow, Finlay, & Norman, 2002). McMillan and colleagues (2005) suggest that this 

may be the result of the automatic nature of many habitual behaviours, which come to be 

triggered without conscious awareness by the situational and contextual aspects of the 

environment in which the behavioural decision is being made. 

TPB models are often criticised for failing to adequately define and operationalize 

their constructs: for example, intentions have been operationalised as plans (Conner, 

Sandberg, McMillan, & Higgins, 2006; McMillan, et al., 2005), certainty (Higgins & 

Conner, 2003), likelihood (Norman, Conner, & Bell, 1999), and expectations (Moan & 
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Rise, 2005). Sutton (1989) also argued that models should differentiate between 

behavioural intentions (i.e., an individual’s future plans for their own behaviour) and 

behavioural expectations, which pertain to the perceived likelihood of the individual 

performing the behaviour, thus supporting earlier suggestions that a measure of 

behavioural willingness should be incorporated into the model (Warshaw & Davis, 1985). 

Another critique of the TPB model is that it suggests a very simple structure in which a 

large number of distal factors can influence behavioural decisions, but only through their 

effects on a smaller number of proximal determinants of the decision (Sutton, 1989). Some 

researchers have suggested that additional linkages, including potential reciprocal effects, 

should be considered (McMillan, et al., 2005): for example, attitudes may influence 

behaviour both indirectly via intentions, but also directly (Bentler & Speckart, 1981). 

Based on the idea of the MODE (Motivation and Opportunity as Determinants) model 

(Fazio, 1990), Conner and Armitage (1998) suggest that current TPB models are more 

successful at predicting behaviour that is highly motivated and can be evaluated in a 

reasoned and logical manner. The models are less likely to be successful when this 

motivation is missing, or when behaviour is triggered automatically with no time for 

deliberation. As such, attitudes may spontaneously and directly influence behaviour. Direct 

relationships have also been found between SN and behaviour (Harrison, Thompson, & 

Rodgers, 1985).  

6.1.2  Potential TPB model extensions 

TPB models have been variously extended in an attempt to address the issues 

raised above (Conner & Armitage, 1998), and there is growing empirical evidence to 

support the inclusion of a range of additional normative, affect, and behavioural 

components. Social influence in basic TPB models is represented solely by SN. These are 

typically measured as the product of the subjective likelihood that important others think 

the individual should or should not perform the behaviour, and the individual’s motivation 
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to comply with that referent (Conner & Armitage, 1998). The assumption is that salient SN 

exert a powerful and systematic influence on behaviour (Cialdini, Kallgren, & Reno, 

1991), yet research demonstrates that their influence is often limited (White, et al., 2009), 

and that they are the weakest predictor of intention in TPB models (McMillan, et al., 

2005). Armitage and Conner (2001) found that the average relationship between SN and 

intentions was half that of the average relationship between attitudes and intentions. The 

SN-intention relationship is also likely to change across behaviours and populations 

(Fishbein & Ajzen, 1974) which may account for some of the variations in its predictive 

strength. These issues limit the potential predictive ability of SN and suggested resolutions 

range from proposing that personal factors, such as attitudes and PBC, are the primary 

determinants of intention, to removing SN completely from the model (White, et al., 

2009).      

An alternate approach is to accept that norms are still important in a TPB model, 

but that a variety of different types of normative influence need to be accounted for 

(Kallgren, Reno, & Cialdini, 2000; Reno, Cialdini, & Kallgren, 1993; Vitória, et al., 2011; 

White, et al., 2009). In contrast to SN, descriptive norms (DN) reflect an individual’s 

perception of the prevalence of behaviour in others. As such they motivate action towards 

what is perceived to be typical, normal, appropriate, and adaptive behaviour (Cialdini, et 

al., 1991), and they have been found to contribute to the prediction of intentions 

independently of SN (Conner & McMillan, 1999; Grube, McGree, & Morgan, 1986; 

McMillan & Conner, 2003), explaining an additional 5% of the variation in intentions 

(Rivis & Sheeran, 2003). They also explain an additional 7% of the variance in behaviour 

over and above attitudes, SN, and PBC combined (Vries, et al., 1995). Adolescents in 

particular are likely to be influenced by normative peer perceptions (Armitage & Conner, 

2001) and Flay and colleagues (1994) found that different norms were predictive of 

different stages of smoking; only friends’ descriptive smoking was predictive of smoking 
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initiation, but both DN and SN were predictive after having smoked the first cigarette, and 

of general smoking escalation. Interestingly, studies have found that overestimation of DN 

is more predictive of smoking behaviour than actual levels of peer smoking prevalence 

(Botvin, et al., 1992; Sutton & Bolling, 2003). This suggests that prediction could be 

further improved by the addition of a measure of the extent of this overestimation (i.e., the 

size of the FCE for peer smoking prevalence). 

Not all researchers accept the direct influence of DN on behaviour. Terry and Hogg 

(1996) argue that norms are tied to specific groups, and that a norm will only influence 

behaviour when the group itself is behaviourally relevant. This social identity perspective 

proposes that behavioural intentions are therefore only influenced by perceived group 

norms for individuals who identify strongly with the particular group (Ãstrom & Rise, 

2001), not just because they lead to social approval, but also because the norms identify 

the attitudes and behaviours most appropriate for group members in a particular decision 

context. In contrast, attitudes and PBC would be expected to be the primary determinants 

of intentions and behaviour for those who do not strongly identify with a behaviourally 

relevant group. Adolescents, for example, have been shown to be heavily influenced by 

norms relating to peer group identification (Sussman, Pokhrel, Ashmore, & Brown, 2007), 

and Rise and Ommundsen (2011) demonstrated that strong commitment to a smoking 

group was associated with lower levels of quit intentions. Considering SN and DN in 

isolation of some measure of group identity therefore fails to assess the degree of 

individual difference that is likely to exist among participants in terms of the strength of 

their social identification with salient groups.  

Social identity perspectives would also suggest that identifying oneself as a smoker 

constitutes a source of social influence distinct from normative influence (Moan & Rise, 

2006), and research demonstrates that the more an individual identifies with being a 

smoker, the more likely their smoking escalation (Hertel & Mermelstein, 2012). As 
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behaviour is repeated, self-identity becomes more salient, compared to relatively transient 

attitudes or the perceived social pressure from others, and its ability to predict behaviour 

increases (Charng, Piliavin, & Callero, 1988). It has also been demonstrated that the 

stronger a person’s self-identity, the stronger related attitudes became over time, which is 

most likely the result of attitude consistency processes such as cognitive dissonance 

(Charng, et al., 1988; McCusker, 2001). On average, self-identity was found to account for 

an additional 1% of the variance in intention over and above traditional TPB components, 

suggesting that it too may prove a useful addition to TPB models. 

Researchers also argue for the inclusion of moral norms (MN) which reflect 

internalised moral rules, or personal feelings of moral obligation, as to whether or not to 

smoke (Parker, Manstead, & Stradling, 2011). Research suggests that they are independent 

of the expectations and influences of others, contributing an additional 4% to the 

prediction of intentions over and above SN (Conner & Armitage, 1998; Conner & 

McMillan, 1999; Manstead, 2000). MN have been found to influence initiation (Taylor et 

al., 1999), and they may also act as a protective factor against smoking initiation, smoking 

escalation, and as an impetus to quitting, when they represent the undesirability of 

smoking (Moan & Rise, 2005). No clear position has been established in the literature in 

terms of where MN fit into extended TPB models other than an acceptance that their 

influence on behaviour is mediated by intentions (Maher & Rickwood, 1997). They may 

reflect an additional form of normative pressure, but they may also be associated with 

attitudes, or even PBC (Conner & Armitage, 1998). Manstead (2000) argues that, in some 

situations, MN will be independent of other TPB components, especially if they conflict 

with individual and social constructs. However, if the attitude component of TPB models 

is expected to reflect an individual’s favourability or otherwise towards a particular 

behaviour, it would be reasonable to expect that this would include the moral conviction 

that performing the behaviour is inherently right or wrong. Raats, Shepherd, and Sparks 
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(1995) found that MN influenced intentions but also independently predicted attitudes. As 

the correlations between MN and both attitudes and SN are generally high (Conner & 

Armitage, 1998), they are likely to prove a useful extension to TPB models although their 

precise role may depend on the behaviour being assessed. 

TPB models have also been extended to include past behaviour (Borland, Owen, 

Hill, & Schofield, 1991; Godin, et al., 1992; Higgins & Conner, 2003). Conner and 

Armitage (1998) argue that much behaviour is determined to a greater extent by people’s 

own past behaviour than by their current cognitions. They argue that although past 

behaviour does not cause subsequent behaviour, if performed frequently enough it may 

bring the subsequent behaviour under the control of habitual or automatic processes. Past 

behaviour could be expected to predict both intent and behaviour (McMillan, et al., 2005), 

and although Ajzen (1991) argues that its effects would be mediated by PBC, the meta-

analytic data reviewed by Conner and Armitage (1998) would not support this. They also 

argue that TPB models may undervalue the affective processes in decision making and 

they propose the addition of anticipated regret (AR) to the model to reflect the affect 

associated with potential negative consequences of the behaviour. This potential extension 

is supported by the finding that AR significantly added to predictions of intentions to 

initiate smoking in adolescents, over and above traditional TPB components (Conner, et 

al., 2006). It should be noted, however, that it was not predictive of smoking behaviour. 

Despite these additions, the ability of extended TPB models to successfully predict 

habitual behaviour remains compromised (McMillan, et al., 2005), and smoking-related 

studies typically show only small-to-moderate predictive effects for the supplemental 

variables (Engels, et al., 1999). Given the possibility that overestimation of DN could 

prove more predictive of smoking behaviour than the prevalence estimates themselves, it is 

possible that other measures of cognitive bias should be considered as TPB model 

extensions. For example, Conner and Armitage (1998) proposed that attitudes may have a 
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more direct influence on habitual behaviour when automatically triggered in the presence 

of the attitude object, but attitudes in TPB models are typically measured using single or 

multi-dimensional explicit measures. It is likely that implicit attitudes also have a role to 

play in the automatic elements of decision-making behaviour and, as such, the accessibility 

of these attitudes is an important component to be considered in any model of habitual 

behaviour. An attitudinal positivity bias could lead the individual to attend to the positive 

aspects of smoking, thus facilitating more approach behaviours (Conner & Armitage, 

1998). This possibility becomes even more likely when the behaviour is also influenced by 

strong normative processes, which also promote a positive perception of the activity, as is 

the case for smoking (Conner & Armitage, 1998). Explicit and implicit measures of 

relative positive and negative attitudinal strength may therefore be fruitful additions to the 

TPB model. 

 Finally, although TPB models do not generally include measures of risk 

perception, it has been demonstrated in Chapter 5 that smokers, and in particular younger 

smokers, display optimistic smoking risk biases. Research also suggests that smokers 

reduce the risk personally applicable to themselves (Gerrard, et al., 1996) and that the less 

conditional vulnerability felt by an individual, the more willing they are to engage in risky 

behaviour (Gerrard, et al., 2008). There may therefore be merit in also including risk 

perceptions as possible extensions to the TPB model. It may be that they influence 

behaviour via attitudes to smoking, or through intentions, so each of these paths would 

require further investigation. Figure 6.2 presents each of the potential TPB model 

extensions in terms of their potential associations with existing TPB constructs. As the 

exact location of MN within the model is unclear, they have been shown as potential 

attitudes and norms, and as an independent predictor of PBC. It is possible that their 

position will differ depending on the behaviour being modelled. 
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Figure 6.2. Potential extensions to the TPB model. 

 

6.1.3  Aims of the current study 

The purpose of Study 3, as described in Chapter 5, was to gather expectancy, 

normative, and risk information related to smoking, such that positivity, false consensus, 

and optimistic risk biases could be evaluated across participants heterogeneous in age and 

smoking experience. Given the relationship that appears to exist between smoking and 

biased processing of smoking-related cognitions, it is likely that including measures of 

cognitive biases in smoking models will facilitate a better understanding of smoking 

intentions and behaviours. No study to date has compared the impact of these additional 

variables simultaneously when applying the TPB to smoking behaviour. The final aim of 

the study was therefore to develop an extended-TPB smoking behaviour model that 

incorporated measures of smoking-related cognitive biases. As it was beyond the scope of 

this thesis to examine longitudinal smoking data, it was necessary to investigate the 

relationship between smoking intentions and current smoking status in this extended 

model. This analysis would both assist in understanding the immediate link between the 

two, and serve as a platform for further research into the suitability of the model for 

explaining prospective smoking behaviour. Clarifying the links between each of the model 

components and current smoking status is also important in terms of understanding how 
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effective interventions can be designed to address existing smoking behaviour. 

Furthermore, analysis of the factors related to smoking status across different age groups 

will benefit not only in terms of understanding which factors best explain behaviour in 

each age group, but will also inform prevention and treatment efficacy.     

It is unlikely that all of the suggested TPB extensions will be required for all 

smoking decisions - for example some researchers suggest that AR is more suited to 

smoking cessation decisions (Moan & Rise, 2005) - nevertheless, each potential addition 

will be considered in terms of its ability to predict intentions and current smoking status 

better than the basic TPB constructs. Overall, it is hypothesised that smoking expectancy 

positivity bias scores, DN represented as clear overestimation of peer norms, MN, group 

identity, self-identity, anticipated regret, behavioural willingness, and risk perceptions, 

would significantly add to the predictability of intentions and behaviour compared to basic 

TPB variables. In this extended model, smoking expectancy positivity bias scores and MN 

were expected to load onto attitudes which would directly influence intentions, SN and DN 

were both expected to directly influence intentions, as were self-identity, group identity, 

and risk perceptions. PBC was expected to influence both intentions and smoking status, in 

line with the basic TPB model. It is unclear if a single extended TPB model will be as 

successful in predicting smoking intentions and smoking status in both adolescents and 

adults, but it is expected that the predictive utility of each of the cognitive biases, and 

individual variables such as liking smoking, MN, group identity and AR, would vary by 

age.  

6.2  Method 

This research is based on the full set of data gathered in Study 3 and as such 

involves the same participant sample, measures, and procedure as described in the 

previous chapter.  
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6.2.1  Data analysis 

Descriptive statistics were computed for each of the potential model components, 

first with a breakdown by smoking status, and then with a breakdown by age and smoking 

status. Correlations among the model variables were then computed to determine if the 

various factors were associated univariately. An initial TPB model, based on the original 

un-extended model created by Ajzen (1991), was constructed and tested using structural 

equation modelling (SEM). All SEM was carried out using the maximum-likelihood 

method (ML) in AMOS 19 (SPSS Inc., Chicago, Illinois 60606, US).  Following an 

analysis of multivariate normality, and the removal of one problematic item related to the 

social influence of important others, an adjusted TPB model (Model A) was analysed. 

Consistent with the approach taken in Chapter 4, model fit was assessed using the chi-

square goodness-of-fit statistic (χ
2
), and the CFI, TLI, NFI, and RMSEA goodness-of-fit 

indices. Modification indices were reviewed for factor cross-loadings and error 

covariances, and adjusted models were compared to the original using chi-squared and CFI 

difference tests. The results of this analysis became the baseline against which extended 

models were measured. In addition, squared multiple correlations (SMC) were recorded 

for the smoking intent and smoking status endogenous variables. The SMC value 

represents the proportion of variance that is explained by the predictors of the variable in 

question (Byrne, 2009). As it is inappropriate for SEM analysis to provide a single statistic 

that accounts for total variance explained by the structural model (i.e., analogous to R
2
 in 

regression analyses), these SMC values were also used as a baseline for future model 

comparisons. 

A series of new models was then created which incorporated the three cognitive 

biases detailed in the previous chapter, namely the positive smoking expectancy bias, the 

FCE for peer prevalence estimation, and optimistic risk bias. The new models also 

included additional factors previously recommended as potential TPB extensions. The 



216 

 

sequence of additions to the basic model was as follows: (a) inclusion of the explicit and 

implicit smoking expectancy measures as inputs to the latent attitude factor. These items 

were included first as they extended the attitude construct from a single- to a multi-

dimensional measure, without the need to change existing model paths; (b) addition of 

descriptive and moral norms, which included clear overestimation of peer prevalence. 

These items were considered next as they were expected to extend the normative 

component of the model, and to identify the best location (i.e., attitude or norm) for MN 

within the model; (c) addition of the remaining TPB extension variables suggested by 

previous research; and finally (d) inclusion of risk variables. The latter were added last to 

the model as they have not previously been included as a separate latent factor in TPB 

extension models. At each stage, newly-added variables were only retained in the model if 

they significantly improved model fit.  

Once all potential variables had been included and tested, the resulting model 

(Model E) was reviewed to determine if a more parsimonious model could be derived. 

Non-significant paths were removed from the model and the model-fit statistics were 

assessed (Model F). Both Model E and the more parsimonious Model F were examined for 

multi-group invariance, which essentially compared the measurement and structural 

aspects of the model across participant age groups. This analysis was approached in the 

same way as previously outlined in Chapter 4 (see section 4.3.1.4).   

6.3  Results 

The full breakdown of participant characteristics (N = 1011) for this sample has 

been presented in section 5.3.1 in the previous chapter.  

6.3.1  Descriptive analysis of model variables 

Means and standard deviations for each of the potential model components, first 

with a breakdown by smoking status, and then with a breakdown by smoking status and 

age, are presented in Table 6.1 and Table 6.2 respectively.   
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Where individual items were combined to form an index of a particular measurement, Cronbachs’ alpha reliabilities are also displayed.  

       Table 6.1 Mean (Standard Deviation) Scores for Potential Model Variables by Smoking Status 

  Daily Weekly Ex-smoker Experimental Never 

 α M (SD) M (SD) M (SD) M (SD) M (SD) 

Like Smoking    0.59 (1.33) 0.68 (1.04) -0.59 (1.29) -1.30 (0.96) -1.90 (0.45) 

FA Difference  -2.12 (4.09) -2.04 (3.84) -4.98 (4.18) -6.11 (3.75) -6.61 (3.36) 

H-SCQ Difference  -0.37 (0.96) -0.87 (0.97) -1.50 (1.25) -2.03 (1.28) -2.23 (1.48) 

Friend SN  -0.77 (1.75) -0.17 (1.42) -1.18 (1.62) -1.41 (1.86) -2.06 (1.72) 

Best Friend SN  -0.77 (1.71) -0.38 (1.70) -1.26 (1.67) -1.58 (1.69) -2.05 (1.72) 

Family SN  -1.21 (1.68) -1.78 (1.60) -1.61 (1.71) -1.67 (1.73) -1.76 (1.81) 

Imp. Others SN  -0.83 (1.51) -0.83 (1.56) -1.67 (2.74) -1.46 (1.72) -1.83 (1.77) 

Society SN  -1.60 (1.76) -1.74 (1.50) -1.72 (1.53) -1.98 (1.62) -2.04 (1.61) 

Moral (MN)  2.30 (1.03) 2.37 (0.81) 1.69 (0.84) 1.81 (0.80) 1.45 (0.72) 

Descriptive (DN)  7.00 (1.95) 5.66 (1.80) 4.36 (2.23) 4.73 (2.00) 4.24 (1.78) 

Own view 0.88 -1.10 (0.97) -1.52 (0.68) -1.83 (0.42) -1.84 (0.44) -1.89 (0.35) 

Self-identity 0.78 12.97 (4.25) 8.69 (3.59) 5.43 (3.55) 4.29 (2.89) 3.61 (2.10) 

Group Identity 0.62 17.45 (2.96) 17.92 (2.49) 17.09 (3.28) 18.09 (2.66) 17.86 (2.76) 

AR 0.70 2.56 (1.20) 2.34 (0.96) 3.53 (1.19) 3.09 (1.26) 3.97 (1.17) 

Beh. Willingness  29.20 (16.94) 33.88 (13.77) 8.12 (10.62) 6.73 (9.14) 2.77 (5.61) 

RG Risk 0.90 10.77 (3.12) 8.19 (3.34) 7.19 (3.33) 5.80 (3.17) 5.14 (2.77) 

RS Risk 0.94 10.33 (3.16) 7.77 (3.27) 6.10 (3.39) 5.81 (3.96) 5.05 (3.30) 

Avoid HR thoughts  3.52 (1.84) 2.88 (1.41) 2.05 (1.57) 1.98 (1.50) 1.82 (1.65) 

Immediate Harm 0.76 2.95 (0.96) 3.21 (0.84) 3.28 (0.81) 3.41 (0.70) 3.43 (0.70) 

General Harm 0.66 3.19 (0.60) 3.41 (0.55) 3.64 (0.54) 3.65 (0.45) 3.64 (0.45) 

PBC 0.94 2.70 (0.90) 3.72 (0.86) 4.33 (0.83) 4.70 (0.46) 4.79 (0.55) 

Intentions  26.05 (16.31) 27.99 (12.78) 6.35 (10.15) 5.30 (8.25) 1.49 (2.40) 

                      Note. FA, free association; SN, subjective norms; MN, moral norms; DN, descriptive norms; Own view, whether friends should smoke or not;  

                      AR, anticipated regret; RG, risk relative to general other; RS, risk relative to other smokers; HR, health risk; PBC, perceived behavioural control.. 
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Clear overestimation of peer smoking was found in 86.3% of daily smokers, 78.2% 

of weekly smokers, 53% of ex-smokers, 65.1% of experimental smokers, and 70.9% of 

never smokers. In relation to age, clear overestimation was seen in 88.1% of adolescents, 

63.3% of young adults, and 27.9% of older adults           

           Table 6.2 Mean (Standard Deviation) Scores for Potential Model Variables by Age 

 Adolescent Young Adult Older Adult 

 M (SD) M (SD) M (SD) 

Like Smoking -0.97 (1.39) -0.54 (1.51) -0.70 (1.48) 

FA Difference -4.92 (3.73) -4.78 (4.86) -4.92 (4.88) 

H-SCQ Difference -1.74 (1.46) -1.25 (1.42) -1.35 (1.48) 

Friend SN -1.41 (1.88) -1.02 (1.70) -1.66 (1.79) 

Best Friend SN -1.50 (1.81) -1.11 (1.73) -1.58 (1.80) 

Family SN -1.66 (1.77) -1.45 (1.66) -1.59 (1.75) 

Imp. Others SN -1.50 (2.00) -1.14 (1.63) -1.51 (1.72) 

Society SN -1.87 (1.72) -1.73 (1.53) -2.04 (1.51) 

Moral (MN) 1.83 (0.92) 2.02 (0.92) 1.59 (0.79) 

Descriptive (DN) 5.64 (2.11) 5.14 (2.21) 3.37 (1.66) 

Own view -1.64 (0.67) -1.60 (0.80) -1.79 (0.53) 

Self-identity 6.45 (4.88) 6.84 (4.92) 6.69 (5.26) 

Group Identity 17.73 2.86 17.95 (2.81) 17.42 (2.86) 

AR 3.25 (1.33) 3.03 (1.28) 3.59 (1.34) 

Beh. Willingness 12.37 (16.18) 15.85 (17.43) 10.84 (15.01) 

RG Risk 6.81 (3.84) 7.46 (3.74) 7.55 (3.57) 

RS Risk 7.09 (4.21) 6.54 (3.76) 6.24 (3.58) 

Avoid HR thoughts 2.44 (1.82) 2.51 (1.80) 1.93 (1.51) 

Immediate Harm 3.22 (0.83) 3.32 (0.82) 3.45 (0.73) 

General Harm 3.43 (0.56) 3.52 (0.54) 3.81 (0.37) 

PBC 4.14 (1.10) 4.04 (1.15) 4.29 (0.98) 

Intentions 10.24 (14.57) 13.35 (15.70) 8.99 (14.32) 

              Note. FA, free association; SN, subjective norms; MN, moral norms; DN, descriptive norms;  

              Own view, whether friends should smoke or not; AR, anticipated regret; RG, risk relative to 

              general other; RS, risk relative to other smokers; HR, health risk; PBC, perceived behavioural 

              control. 

 

 

6.3.2  Correlational analysis of model variables 

The study variables are a mix of interval (most variables), categorical (smoking 

status) and continuous binary (clear overestimation), so a combination of Pearson’s, 

Spearman’s, and biserial correlations was used to examine the relationships between 

potential model variables (see  

Table 6.3).  
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Table 6.3 Correlations between the Potential Extended Model Variables           

  1 2 3 4 5 6 7 8 9 10 11 12 

1 Like Smoking             

2 FA Difference   .49***            

3 H-SCQ Difference   .49***   .37***           

4 Friend SN   .32***   .19***   .18***          

5 Best Friend SN   .32***   .22***   .17***   .77***         

6 Family SN   .05   .04   .03   .40***   .50**        

7 Imp. Others SN   .19***   .12***   .09**   .51***   .60***   .69***       

8 Society SN   .05   .00   .05   .39***   .34***   .36***   .39***      

9 Moral (MN)   .46***   .31***   .37***   .16***   .19***   .00   .09**   .04     

10 Descriptive (DN)   .28***   .26***   .27***   .15***   .11*** -.05   .03   .06*   .20***    

11 Clear Overestimation   .08   .14***   .08*   .07   .03 -.07 -.05   .03   .07   .88***   

12 Own view   .41***   .35***   .37***   .16***   .17***   .00   .12***   .08*   .46***   .32***   .16***  

13 Self-identity   .66***   .41***   .44***   .26***   .28***   .11***   .20***   .09**   .35***   .41***   .15***   .42*** 

14 Group Identity -.04 -.09** -.11***   .01   .02   .02 -.02 -.04 -.10** -.05 -.03 -.12*** 

15 AR -.44*** -.33*** -.29*** -.18*** -.19***   .02 -.10** -.01 -.36*** -.28*** -.17*** -.35*** 

16 Beh. Willingness   .67***   .40***   .43***   .27***   .28***   .05   .19***   .06   .38***   .37***   .20***   .38*** 

17 RG Risk   .45***   .30***   .33***   .22***   .21***   .11***   .17***   .15***   .21***   .22***   .07   .25*** 

18 RS Risk   .37***   .26***   .26***   .16***   .14***   .06   .12***   .10**   .15***   .32***   .22***   .23*** 

19 Avoid HR thoughts   .38***   .30***   .32***   .08*   .09** -.06   .02 -.04   .31***   .29***   .19***   .32*** 

20 Immediate Harm -.21*** -.16*** -.24*** -.09** -.09**   .01 -.06   .02 -.30*** -.14*** -.10* -.25*** 

21 General Harm -.32*** -.30*** -.35*** -.07* -.06   .04 -.03   .01 -.39*** -.34*** -.28*** -.39*** 

22 PBC -.60*** -.40*** -.48*** -.25*** -.26*** -.09** -.17*** -.11*** -.34*** -.39*** -.22*** -.42*** 

23 Intentions   .70***   .42***   .45***   .27***   .29***   .04   .17***   .02   .43***   .41***   .20***   .45*** 

24 Smoking Status   .73***   .43***   .50***   .30***   .28***   .08*   .21***   .10***   .36***   .43***   .18***   .42*** 
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Table 6.3 Correlations between the Potential Extended Model Variables (continued) 

  13 14 15 16 17 18 19 20 21 22 23 24 

13 Self-identity             

14 Group Identity -.04            

15 AR -.32***   .06*           

16 Beh. Willingness   .62***   .00 -.41***          

17 RG Risk   .54*** -.11** -.25***   .44***         

18 RS Risk   .50*** -.05 -.18***   .42***   .65***        

19 Avoid HR thoughts   .39*** -.12*** -.36***   .39***   .29***   .23***       

20 Immediate Harm -.21***   .18***   .21*** -.20*** -.16*** -.06 -.29***      

21 General Harm -.31***   .16***   .30*** -.28*** -.18*** -.19*** -.36***   .36***     

22 PBC -.68***   .09**   .35*** -.62*** -.49*** -.46*** -.45***   .28***   .37***    

23 Intentions   .62*** -.02 -.49***   .82***   .44***   .39***   .40*** -.22*** -.31*** -.64***   

24 Smoking Status   .73*** -.06 -.43***   .70***   .56***   .51***   .43*** -.20*** -.29*** -.72*** .74***  

Note. FA, free association; SN, subjective norms; MN, moral norms; DN, descriptive norms; Own view,  whether friends should smoke or not; AR, anticipated regret;  

Beh., behavioural; RG, risk relative to general other; RS, risk relative to other smokers; HR, health risk; PBC, perceived behavioural control    
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6.3.3  Modelling intentions and current smoking status    

6.3.3.1  Baseline TPB model.  A basic TPB model was created which represented 

Ajzen’s (1991) original TPB model as illustrated in Figure 6.1 above. Attitudes were 

represented by the like-smoking variable, the five indices of social influence formed the 

SN factor, PBC was represented by the index of the nine individual PBC items, and 

smoking behaviour was represented by current smoking status. An assessment of 

multivariate normality found that the social influence item relating to ‘important others’ 

was multivariate kurtotic which is particularly problematic for SEM analyses (Byrne, 

2008). The standardised kurtosis index (β2) for this variable was 23.60, which exceeds the 

recommended guide of greater than or equal to 7 typically used to indicate early departure 

from normality (Finch, et al., 1997). Kurtosis values for the remaining variables ranged 

from -1.37 to +0.82. None of the variables were found to be skewed to a problematic 

extent. The important others social norm was removed from the model and the SEM 

analysis was rerun. This model (Model A) showed a poor fit to the data (χ
2
(19) = 853.30, 

RMSEA = .209, CFI = .792, TLI = .693 , and NFI = .798). A full range of model-fit 

statistics for this, and for each of the models subsequently presented, is shown in  

Table 6.4, along with the difference tests carried out to illustrate improvements in 

model fit. Model modification indices illustrated a significant error covariance between 

attitude and PBC (MI = 364.71). In TPB models with latent factors representing attitudes 

and PBC, these latent factors would typically be allowed to freely correlate, so the model 

was adjusted to include the error covariance.  

Goodness-of-fit indices for the adjusted model were inconsistent. The chi-square 

and RMSEA values suggest a poor model fit (χ
2
(18) = 400.81, RMSEA = .145), while the 

CFI and NFI indices signify a just acceptable model fit (CFI = .905, NFI = 901). Although 

model modification indices illustrated a significant error covariance between attitude and 

behaviour (MI = 101.66), basic TPB models assume that attitudes influence behaviour 
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indirectly via intentions, so this modification will not be made and the current model will 

be used as the baseline against which the subsequent models will be tested
5
. A review of 

the unstandardised estimates highlighted another problem with the basic TPB model; the 

factor loading between SN and smoking intentions was not significant (p = .08). 

Standardised estimates for the baseline model are displayed in Figure 6.3. The SMCs 

indicated that 44.5% of the variance in smoking intent, and 57% of the variance in 

smoking status was accounted for by their respective predictors. 

 

 

Figure 6.3. Model A: baseline TPB model of smoking intentions and current smoking 

status. All solid standardised path coefficients are significant (p < .001). 

 

6.3.3.2  Extended Model. The additional smoking-related factors were added to the 

basic TPB model in four groups as outlined in the Data Analysis section above. A full list 

                                                 
5
 Analysis of a model adjusted to cater for this additional modification demonstrated slightly better fit to the 

data but goodness-of-fit indices remained inconsistent (χ
2
(17) = 252.95, RMSEA = .117, and CFI = .941). 

Subsequent extended models demonstrated significantly better fit regardless of which adjusted TPB model 

was selected as the baseline. 
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of the models tested, a summary of the adjustments made to each, and their associated 

goodness-of-fit statistics is presented in  

Table 6.4, which follows a summary of the key findings from  modelling process. 

Summary of the modelling process.  Firstly, smoking expectancies (H-SCQ and FA 

difference scores) were added to the model. Although each improved the model fit when 

added alone, the combination of both expectancy measures (Model B) provided a 

substantial improvement in overall fit for the data (χ
2
(28) = 126.40, RMSEA = .059, CFI = 

.979, TLI = .966, and NFI = .973). The % of variance explained for smoking intentions 

rose from a baseline of 44.5% to 64% in this model, but the % variance explained for 

smoking status dropped from 57% to 47%. An SMC was also available for PBC in this 

model and 50% of the variance in PBC was explained by its predictors. 

Descriptive norms, moral norms, and the participants own view of smoking, were 

then added to the model. An analysis of the RMSEA index indicated that the addition of 

clear overestimation of peer smoking prevalence (χ
2
(36) = 149.22, RMSEA = .056, CFI = 

.976, TLI = .964, and NFI = .969), and the inclusion of moral norms (χ
2
(46) = 182.01, 

RMSEA = .054, CFI = .973, TLI = .961, and NFI = .964), improved model fit (Model C). 

The model continued to explain 64% of the variance in smoking intentions, and 50% of the 

variance in PBC, while the % of smoking status variance explained rose to 49%.  In 

addition, moral norms were found to best load onto the latent attitude factor. Neither the 

actual estimate of peer smoking prevalence, nor an individual’s own view of smoking, was 

found to improve the model.  

The remaining recommended TPB extension variables were then added one-by-one 

to the model; these included AR, self-identity, group identity, and behavioural willingness. 

Only group identity was found to improve model fit (χ
2
(57) = 211.10, RMSEA = .052, CFI 

= .970, TLI = .958, and NFI = .959), so this was the only variable retained (Model D). 

There were no changes to the % variance explained for smoking intentions or for PBC, but 
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the % of smoking status variance explained rose to 49.2%. Finally, risk items, which 

included RG and RS risk, perceived general and immediate harm, and the avoidance of 

health-related thoughts, were considered. The combination of RG and RS risk, loading on 

to a new latent ‘Risk’ factor, improved overall model fit on each of the indices (χ
2
(77) = 

244.36, RMSEA = .046, CFI = .973, TLI = .963, and NFI = .961), so these were retained 

in the new extended-TPB model (Model E). The % variance explained rose to 64.6% for 

smoking intentions, to 53.7% for PBC, and to 58.1% for smoking status.  

A full list of the models tested, a summary of the adjustments made to each, and their 

associated goodness-of-fit statistics is presented in  

Table 6.4 below. The chi-square difference test refers to the difference between a 

model and subsequent versions which included adjustments recommended by the 

modification indices (MIs). Where MIs suggested the creation of a new path between 

items (for example, loading onto attitude rather than PBC), a new model was created. New 

models that significantly improved model fit relative to the previous baseline are recorded 

as improved fit, while those that did not significantly improve model fit, or suggested a 

similar fit to a previous more parsimonious model, are marked as not improved. 

 



225 

 

 

Table 6.4 Summary Model-fit Statistics for the Extended-TPB Model Analysis 

Model Model Notes χ
2
 df (p) RMSEA CFI TLI NFI Δχ

2 
(df) Decision 

Model A. Basic TPB Basic TPB Model 853.30 19* .209 .792 .693 .789   

Baseline Model     MI (364.71): e(attitude) – e(PBC) 400.81 18* .145 .905 .851 .901 452.49 (1)*  

Model B. Expectancies H-SCQ only (with MIs) 160.95 20* .084 .968 .968 .964   

 FA only (with MIs) 137.32 20* .076 .973 .951 .968   

 H-SCQ and FA expectancies 336.93 30* .101 .935 .902 .929  Both required 

     MI (40.93): e(behaviour) – e(intention) 166.69 29* .069 .971 .955 .965 170.24 (1)*  

New Model B     MI (38.77): e(family) – e(society) 126.40 28* .059 .979 .966 .973 210.53 (2)* Improved fit 

Model C. Other Norms Estimated peer prevalence (link to intent) 374.27 37* .095 .933 .900 .926   

     MI (179.76): suggests link to PBC 276.40 36* .081 .952 .927 .945 97.87 (1)*  

     MI (91.14): suggests forms part of attitude         

 Estimated peer prevalence (load onto attitude) 237.95 37* .073 .960 .940 .953   

     MI (53.57): e(like smoke) – e(desc norm) 169.00 36* .060 .973 .959 .967 68.95 (1)* Not improved 

 Clear overestimation (link to intent) 172.93 37* .060 .971 .957 .964   

     MI (27.62): suggests link to PBC 149.22 36* .056 .976 .964 .969 78.66 (1)* Improved fit 

 Clear overestimation (check load onto attitude) 162.59 37* .058 .974 .961 .966   

 Moral norms (linked to intent) 454.90 46* .094 .919 .884 .911   

     MI (229.17):suggests forms part of attitude         

New Model C Moral norms (load onto attitude) 182.01 46* .054 .973 .961 .964  Improved fit 

 Own view of smoking (load onto attitude) 286.08 57* .063 .958 .942 .948   

     MI (57.14):  e(MoralN) – e(Ownview) 226.86 56* .055 .969 .956 .959 128.17 (1)* Not improved 
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Table 6.4 Summary Model-fit Statistics (Continued) 

Model Model Notes χ
2
 df (p) RMSEA CFI TLI NFI Δχ

2 
(df) Decision 

Model D. Other TPB items Anticipated regret (link to intent) 495.40 57* .087 .919 .889 .909   

     MI (224.20): suggests loads onto attitude         

 Anticipated regret (load onto attitude) 235.80 57* .056 .967 .955 .957  Not improved 

 Self-identity (linked to intent) 1031.33 57* .130 .837 .777 .830   

     MI (504.69): suggests loads onto attitude          

 Self-identity (load onto attitude) 280.59 57* .062 .963 .949 .954  Not improved 

New Model D Group-identity (linked to intent) 211.10 57* .052 .970 .958 .959  Improved fit 

 Behavioural willingness (linked to intent) 1031.33 69* .118 .846 .797 .837   

     MI (504.86): suggests loads onto attitude         

 Behavioural willingness (load onto attitude) 406.53 69* .070 .946 .929 .936  Not improved 

Model E. Risks RG + RS (latent risk factor  to intent) 350.45 79* .058 .956 .941 .944   

     MI (36.84): e(PBC) – Risk factor 

    Suggests risk may better link to PBC 

        

 RG + RS (link to PBC) 340.54 79* .057 .957 .943 .945   

     Option 1: MI (54.99): Risk - e(behaviour) 276.22 78* .050 .968 .956 .956 64.32 (1)*  

     Option 2: MI (27.70): Risk - behaviour 274.21 78* .050 .968 .957 .956 66.33 (1)* Improved fit 

New Model E        MI (28.84): e(RS) – e(MN) 244.36 77* .046 .973 .963 .961 29.85  (1)* Improved fit 

 Avoid health risk (load onto Risk) 466.79 92* .064 .942 .924 .929   

     MI (99.47): suggests loads onto attitude          

 Avoid health risk (load onto attitude) 370.73 92* .055 .957 .944 .943  Not improved 
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Table 6.4 Summary Model-fit Statistics (Continued) 

Model Model Notes χ
2
 df (p) RMSEA CFI TLI NFI Δχ

2 
(df) Decision 

 GH + IH (latent harm factor to intent) 462.91 103* .059 .946 .929 .932   

     MI (41.02): e(MN) – Harm 

    MI (49.13): e(likesmk) – Harm 

    MI (34.80): Harm – Clear Over 

    MI (34.46): Clear Over - PHarm 

       Load items 

separately into 

model 

 General Harm (link to PBC) 577.84 92* .072 .925 .902 .912   

     MI (144.86): Suggests load onto attitudes         

 General Harm (load onto attitudes) 431.32 92* .060 .947 .931 .934   

     MI (49.09): e(Gen Harm) – e(MN) 381.30 91* .056 .955 .941 .942 50.02 (1)* Not improved 

 Immediate Harm (link to PBC) 432.06 92* .060 .946 .930 .933   

     MI (65.93): Suggests load onto attitudes         

 Immediate Harm (link to PBC) 377.93 92* .055 .955 .941 .941 34.03 (1)* Not improved 

     MI (33.32): e(Gen Harm) – e(MN) 343.90 91* .052 .960 .947 .946   

Model F: parsimony Remove non-significant paths         

New Model F Remove SN – PBC and SN – Intent 

(essentially remove SN construct) 

116.04 36* .047 .982 .973 .975  Improved fit 

Note. N = 1011; χ
2
, chi-square goodness-of fit index; RMSEA,  root-mean-square error of approximation; CFI, comparative fit index; TLI, Tucker-Lewis index; NFI, normed fit 

index; Δχ
2
, chi-square difference test;

 
* p < .001. 
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Review of the extended-TPB model.  The resulting model (Model E) demonstrated 

excellent fit to the data (χ
2
(77) = 244.36, RMSEA = .046, CFI = .973, TLI = .963, and NFI 

= .961), and the unstandardised parameter estimates (see Table 6.5) demonstrate that 

significant contributions were made by each additional variable retained in the model. As 

can be seen from the standardised estimates presented in Figure 6.4, FA difference scores, 

H-SCQ difference scores, the like-smoking attitude item, and MN loaded positively onto a 

latent attitude variable with factor loadings ranging between .52 and .87. Attitudes were 

positively related to smoking intentions and negatively related to PBC. Clear 

overestimation was positively associated with smoking intentions and negatively 

associated with PBC; factor loadings were small in both cases. RG and RS risk loaded 

positively onto a latent risk variable with factor loadings of .87 and .74 respectively. Risk 

itself was negatively associated with PBC and positively associated with current smoking 

behaviour, with small-to-medium factor loadings in each case. Group identity was also 

positively associated with smoking intention, but its factor loading was very small. PBC 

had a small negative association with both smoking intentions and current smoking 

behaviour, while smoking intentions had a strong positive association with behaviour. 

Although each of the SN items loaded positively onto a latent SN variable (factor loadings 

ranged from .39 to .93), non-significant associations were found between SN and both 

smoking intentions and PBC. This replicates the findings for these relationships in the 

basic TPB model. The following were tested but were not retained in the model: peer 

prevalence estimates, own view of others’ smoking, AR, self-identity, behavioural 

willingness, avoidance of health-related thoughts, and general and immediate perceived 

levels of smoking harm. 
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             Table 6.5 Model E Unstandardised Estimates, Standard Errors and Critical Ratios 

 Estimate SE CR p 

Attitude to H-SCQ Expectancies    1.00    

Attitude to FA Expectancies    2.70 0.18   14.84 <.001 

Attitude to Like Smoking    1.44 0.72   19.96 <.001 

Attitude to Moral Norms    0.54 0.04   14.06 <.001 

Attitude to Intentions 11.59 0.84   13.79 <.001 

Attitude to PBC  -0.69 0.06 -12.42 <.001 

SN to Friend SN    1.00    

SN to Best Friend SN   1.10 0.44   25.03 <.001 

SN to Family SN   0.60 0.04   16.72 <.001 

SN to Society SN   0.42 0.04   12.10 <.001 

SN to Intentions   0.04 0.21     0.17 .864 (ns) 

SN to PBC  -0.01 0.02    -0.24 .807 (ns) 

Clear Overestimation to Intentions   2.21 0.58     3.81 <.001 

Clear Overestimation to PBC  -0.27 0.06    -4.93 <.001 

Risk to RG Risk   1.00    

Risk to RS Risk   0.89 0.04   20.29 <.001 

Risk to PBC  -0.08 0.01    -6.75 <.001 

Risk to Smoking Status   0.11 0.01     7.95 <.001 

Group Identity to Intentions   0.20 0.09     2.24 .025 

PBC to Smoking Intentions  -2.06 0.48    -4.27 <.001 

PBC to Smoking Status  -0.23 0.06    -4.14 <.001 

Intentions to Smoking Status    0.08 0.01    13.65 <.001 

               Note. N = 1011; SE, standard error; CR, critical ratio;
 
p, probability value. 
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                   Figure 6.4. Model E: Extended TPB model of smoking intentions and current smoking behaviour. All solid standardised  

        path coefficients are significant (all p < .001, except for Group ID – Intentions where p < .05).
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6.3.3.3  Improving model parsimony. Despite the fact that SN is a core construct 

in TPB models, it did not contribute significantly to either smoking intentions or to PBC in 

this study. As a result, it was felt that removing SN items from the model might result in a 

more parsimonious solution without significantly compromising model fit. The final 

model (Model F) demonstrated excellent fit to the data (χ2(36) = 116.04, RMSEA = .047, 

CFI = .982, TLI = .973, and NFI = .975). No further modifications were needed. Very little 

difference was seen between SMCs in Model E and those in Model F. The % variance 

explained was 64.7% for smoking intentions, 53.8% for PBC, and 58.3% for smoking 

status. All parameters contributed significantly to the model (see Table 6.6) and Model F 

standardised estimates are displayed in Figure 6.5. 

         Table 6.6 Model F Unstandardised Estimates, Standard Errors and Critical Ratios 

 Estimate SE CR p 

Attitude to H-SCQ Expectancies 1.00    

Attitude to FA Expectancies 2.69 0.18 14.86 <.001 

Attitude to Like Smoking 1.43 0.72 20.01 <.001 

Attitude to Moral Norms 0.54 0.04 14.09 <.001 

Attitude to Intentions 11.62 0.82 14.25 <.001 

Attitude to PBC -0.69 0.05 -13.01 <.001 

Clear Overestimation to Intentions 2.22 0.59 3.80 <.001 

Clear Overestimation to PBC -0.27 0.06 -4.91 <.001 

Risk to RG Risk 1.00    

Risk to RS Risk 0.89 0.04 20.30 <.001 

Risk to PBC -0.08 0.01 -6.72 <.001 

Risk to Smoking Status 0.11 0.01 7.94 <.001 

Group Identity to Intentions 0.21 0.09 2.37 .018 

PBC to Intentions -2.03 0.49 -4.17 <.001 

PBC to Smoking Status -0.23 0.06 -4.18 <.001 

Intentions to Smoking Status 0.08 0.01 13.57 <.001 

            Note. N = 1011; SE, standard error; CR, critical ratio;
 
p, probability value. 
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            Figure 6.5. Model F: A more parsimonious model of smoking intentions and current smoking behaviour. All solid standardised  

 path coefficients are significant (all p < .001, except for Group ID – Intentions where p < .05).
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6.3.3.4  Analysis of model invariance across age groups. An additional concern in 

this study was whether the extended model would function in the same way for people of 

different ages. Participant data was split into three age groups: adolescents (n = 588), 

young adults (n = 251), and older adults (n = 172). AMOS multi-group functionality 

(Byrne, 2008) was used to test whether the recommended TPB model extensions applied 

equally well to each age group. This involved the same three step testing process that was 

outlined in the model invariance testing of the H-SCQ scale in Chapter 4 (see section 

4.3.1.4). Both Model E and the more parsimonious Model F were tested, and the results of 

these analyses are presented in Table 6.7. 

With regard to Model E, the goodness-of-fit characteristics for the configural 

model confirmed a good fit to the data across groups. The measurement model also fit the 

data well, but significant differences were found for both the χ2 and the CFI difference 

tests, demonstrating that at least some of the measurement components of the model varied 

across the age groups. Factor loading constraints were tested individually and it was 

determined that like-smoking and FA difference scores were inconsistent across the 

groups. Correlations between these items and the other attitudinal measures were 

examined in each age group in an attempt to locate the source of the difference. 

Correlations between H-SCQ difference scores and both like-smoking and FA difference 

scores were a lot smaller for older adults (r = .22 and r = .21 respectively) than for 

adolescents (r = .59 and r = .44) or for younger adults (r = .44 and r = .40). A similar 

reduction in correlation size was found with age for the relationship between like-smoking 

and MN: adolescents (r = .53); young adults (r = .41); older adults (r = .35).  

The structural model was also found to fit the data well, but again significant 

differences were found for both the χ2 and the CFI difference tests. Covariance constraints 

were tested individually and attitude-SN and attitude-risk covariances were found to vary 

across age groups. In relation to Model F, the goodness-of-fit characteristics for the 
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configural model confirmed a good fit to the data across groups. The measurement model 

also fit the data well, although the same age-related inconsistency was found for the like-

smoking and FA difference scores. The structural model fit the data well and it was found 

to be equivalent across groups.  

 

Table 6.7 Summary Goodness-of-fit Statistics for Tests of Multi-group Invariance across 

Participant Age Groups 

Model Description χ
2
 df  Δχ

2
 Δdf (p) RMSEA CFI ΔCFI 

Model E        

1. Configural Model 476.06 231   .032 .962  

2. Measurement Model 538.99 251 62.93 20* .034 .955 .007 

       Remove attitude constraints 498.93 245 22.87 14 (ns) .032 .960 .002 

       Replace for FA 516.20 247 40.14 16* .033 .958 .004 

       Replace for H_SCQ  499.90 247 23.84 16 (ns) .032 .961 .001 

       Replace for Like_Smoking 509.10 247 33.04 16* .032 .959 .003 

3. Structural Model 512.95 253 36.89 22* .032 .959 .003 

       Remove attitude-SN 511.25 251 35.19 20* .032 .959 .003 

       Remove attitude-Risk 510.57 251 34.51 20* .032 .960 .002 

       Remove SN-Risk 506.00 251 29.94 20 (ns) .032 .960 .002 

        

Model F (Parsimonious)        

1. Configural Model 228.57 108   .033 .975  

2. Measurement Model 278.44 120 49.87 12* .036 .967 .008 

       Remove attitude constraints 238.90 114 10.33 6 (ns) .033 .974 .001 

       Replace for FA 255.39 116 26.82 8* .035 .971 .004 

       Replace for H_SCQ  239.86 116 11.29 8 (ns) .033 .974 .001 

       Replace for Like_Smoking 249.44 116 20.87 8* .034 .972 .003 

3. Structural Model 2443.14 118 14.57 10 (ns) .032 .974 .001 

Note. χ
2
, chi-square goodness-of fit index; Δχ

2
, chi-square difference between models;

 
Δdf, degrees of 

freedom difference between models;
 
RMSEA,  root-mean-square error of approximation; TLI, Tucker-Lewis 

index; CFI, comparative fit index; ΔCFI, CFI difference between models; *, p < .05; ns, not significant;  

Configural model, no equality constraints imposed; Measurement model, all factor loadings constrained 

equal; Structural model, all covariances constrained equal. 
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Standardised estimates for each age group are presented for Model E and Model F 

in Table 6.8. In both models, age groups had similar loadings for FA difference scores and 

like-smoking, but H-SCQ difference scores and moral norms had weaker loadings in the 

older adult group. Attitudes were also seen to have less influence on intentions and on 

PBC in this group. In Model E, best friend SN had a similar loading onto SN in each age 

group, but stronger loadings were found for friend, family, and social SN in the older adult 

group. The influence of SN on intention and on PBC was not significant in any age group 

with the exception of SN to PBC in the younger adult group. A similar influence was 

found for clear overestimation of peer smoking in all age groups, and similar loadings 

were found for both relative risk items onto the latent risk factor, but the influence of risk 

itself was stronger on both PBC and current smoking behaviour in the older adult group. 

No significant impact of group identity was found in any age group despite being 

significant in Models E and F when the full dataset was analysed. In each model, PBC had 

a stronger influence on intentions in older adults, but a weaker influence on current 

smoking behaviour. Intentions influenced current smoking behaviour to a similar extent 

across all age groups in Model E, but intentions had a reduced influence on current 

behaviour in Model F. This may be due to the removal of the SN variables from the more 

parsimonious model, although the path from SN to intentions remained non-significant. 
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Table 6.8 Age-related Standardised Parameter estimates and Standard errors (SE) for Models E and F 

 Model E Model F 

 Adolescents Young Adults Older Adults Adolescents Young Adults Older Adults 

 Estimate SE Estimate SE Estimate SE Estimate SE Estimate SE Estimate SE 

Attitude to FA     .56*** 0.35   .60*** 1.00   .55*** 2.26   .56*** 0.33   .60*** 0.87   .55*** 2.17 

Attitude to H-SCQ    .69*** 0.15   .54*** 0.28   .28** 0.50   .69*** 0.13   .55*** 0.13   .33*** 0.13 

Attitude to Like Smoking   .89*** 0.16   .85*** 0.38   .84*** 0.93   .89*** 0.14   .84*** 0.30   .85*** 0.87 

Attitude to Moral Norms   .58***    .48***    .37***    .58***    .47***    .34  

Attitude to Intentions   .72*** 1.83   .73*** 4.19   .48*** 6.51   .72*** 1.67   .75*** 3.69   .51*** 6.41 

Attitude to PBC -.63*** 0.12  -.51*** 0.25  -.19 0.53  -.62*** 0.11  -.51*** 0.23  -.25 0.56 

SN to Friend SN   .81***    .72***    .90***        

SN to Best Friend SN   .90*** 0.06   .99*** 0.12   .96*** 0.06       

SN to Family SN   .52*** 0.05   .43*** 0.08   .67*** 0.07       

SN to Society SN   .36*** 0.05   .36*** 0.07   .51*** 0.07       

SN to Intentions   .02     0.26   .01 0.47   .01 0.49       

SN to PBC   .01 0.03  -.01* 0.04  -.13 0.05       

Clear Over to Intentions   .06** 0.99   .13*** 1.21   .10* 1.42   .06*** 0.98   .11** 1.23   .10* 1.54 

Clear Over to PBC  -.04 0.10  -.10   -.11 0.13  -.04 0.10  -.08 0.11  -.10 0.13 

Risk to RG Risk   .87***    .84***    .87***    .85***    .86***    .86***  

Risk to RS Risk   .72*** 0.07   .87*** 0.08   .81*** 0.08   .73*** 0.04   .85*** 0.04   .82*** 0.04 

Risk to PBC  -.23*** 0.01  -.29*** 0.03  -.43** 0.04  -.23*** 0.01  -.29*** 0.03  -.42** 0.05 

Risk to Smoking Status   .19*** 0.02   .24*** 0.02   .43*** 0.05   .19*** 0.02   .25*** 0.02   .51*** 0.04 

Group Id to Intentions   .03 0.11   .06 0.20   .05 0.21   .03 0.11   .07 0.20   .04 0.24 

PBC to Intentions  -.12** 0.62  -.07 1.02  -.30*** 1.14  -.13** 0.61  -.06 1.01  -.28*** 1.13 

PBC to Smoking Status  -.21*** 0.07  -.20*** 0.08  .05 0.18  -.19*** 0.07  -.22*** 0.07  -.06 0.11 

Intentions to Smoking Status   .69*** 0.01   .71*** 0.01  .70* 0.02   .71*** 0.01   .67*** 0.01   .45*** 0.01 

Note. N = 1011; *** p < .001; ** p < .01; * p < .05. 
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6.4  Discussion 

The final aim of Study 3 was to develop an extended TPB model of smoking 

intentions and current smoking behaviour, and to examine the invariance of this model 

across adolescent, young adult, and older adult age groups. Constructs that had previously 

been suggested as possible TPB extensions in the literature, and the three cognitive biases 

found among smokers in the first part of this study, were considered as potential additions 

to the model. Results provide support for the ability of an extended TPB model to 

successfully predict smoking intentions and current smoking behaviour (Model E). As 

hypothesised, smoking expectancy positivity bias, DN measured as the clear 

overestimation of peer smoking norms, MN, group identity, and relative risk perceptions 

increased the predictive utility of Model E in comparison to the basic TPB model. The 

percentage of smoking intention variance explained by its predictors rose from 44.5% to 

64.6%, while an increase from 57.1% to 58.1% was found for smoking status. The 

predictors of PBC in Model E were also capable of explaining 53.7% of the variance in 

this variable.  

Contrary to expectations, AR, behavioural willingness, and optimistic smoking 

harm bias were not found to be effective additions to the model. However, results also 

suggested that a more parsimonious model, one that excluded SN (Model F), fit the data 

equally well, and it explained a similar percentage of the variance in the smoking 

intentions, PBC, and smoking status variables. Some age-related differences were found in 

the extended models. As expected, liking smoking and FA smoking expectancy difference 

scores differed across age groups in both models, although no other measurement 

differences were found. Age-related structural differences were found for the attitude-SN 

and attitude-risk covariances in Model E. No structural differences were found in Model F 

given the removal of the SN construct.   
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6.4.1  Extending TPB models of smoking behaviour   

The baseline TPB model demonstrated a poor fit for the data in this sample. None 

of the SEM goodness-of-fit indicators approached acceptable values. The predictors of 

smoking intentions could only explain 44.5% of the variance in that construct, although 

smoking intentions and PBC were more successful in explaining the variance in current 

smoking status (57%). This supports the view that smoking intentions and behaviour are 

potentially influenced by a boarder range of smoking-related constructs than are captured 

by the original TPB model.  

Support was found for the inclusion of additional attitudinal items in Model E. As 

hypothesised, smoking expectancy positivity bias - measured implicitly using the FA task 

and explicitly using the H-SCQ scale - emerged as a significant contributor to attitudes 

towards smoking. MN were also found to be more closely associated with attitudes than 

with other normative influences. A moral acceptance of smoking was associated with more 

positive attitudes towards smoking which supports the view that MN reflect an 

individual’s disposition towards or against smoking (Manstead, 2000; Raats, et al., 1995). 

As expected, these extensions to the attitude component of the model increased prediction 

of intentions beyond that found in the basic TPB model (from 44.5% to 64%). They also 

directly influenced PBC. As a result, the more positive the attitudes held towards smoking, 

the more likely an individual was to develop intentions to smoke and the less PBC they 

were likely to feel. Basic TPB models tend to use simple attitude measures, similar to the 

single-item like-smoking measure used here, which only measure instrumental beliefs 

towards smoking (Conner & Armitage, 1998). It is likely that the combination of the 

multidimensional H-SCQ scale, the ability to freely generate expectancies in the FA task, 

and the MN item, facilitated the capturing of a wider range of beliefs, including those with 

more affective or moral components, each of which is important to the overall formation of 

attitudes. It is also possible that smokers’ attitudes towards smoking have become more 
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complex with the introduction of the smoking ban in Ireland, and the proliferation of 

negative smoking-related information encountered on a daily basis. Multi-dimensional 

measures of smoking attitudes are therefore essential in order to capture the potentially 

contradictory attitudes that individuals hold towards smoking at any time. 

Contrary to expectations, SN did not emerge as a significant independent predictor 

of smoking intentions or PBC. This finding is inconsistent with the TPB itself (Ajzen, 

1991), and with the assumption that salient SN exert a strong systematic influence on 

behaviour. It does, however, support many previous studies that found limited predictive 

ability for SN (Armitage & Conner, 2001; McMillan, et al., 2005; White, et al., 2009), 

which confirms the weakness of the SN construct and highlights the importance of 

considering a wider range of normative influences when modelling smoking intentions and 

behaviour. The inclusion of DN in Model E was supported, and as expected, clear 

overestimation of peer smoking prevalence was found to be independently associated with 

smoking intentions and with PBC, to a greater extent than basic peer prevalence estimates 

themselves. Those individuals who clearly overestimated peer norms were more likely to 

form intentions to smoke and to have lower levels of PBC, although it should be noted that 

while these relationships were significant, they were also small. This finding builds on 

previous work which has shown DN to be important predictors of drug use (Conner & 

McMillan, 1999; Grube, et al., 1986; Rivis & Sheeran, 2003), although while de Vries and 

Kok (1986) found a direct influence between DN and smoking behaviour, this was not the 

case in Model E.  

The fact that DN, but not SN, predicted smoking intentions and PBC supports the 

view that social influence with regard to certain behaviours stems more from the attitudinal 

and behavioural characteristics of a psychologically relevant reference group than it does 

from the perceived approval or disapproval of other individuals (Ãstrom & Rise, 2001; 

Terry & Hogg, 1996). It had been hypothesised that group identity and self-identity would 
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prove to be useful additions to the extended TPB model. As expected, group identity 

positively influenced smoking intentions, albeit that the relationship between the two was 

very small. Congruent with previous findings, medium-to-strong relationships were found 

between self-identity and liking smoking, behavioural willingness, relative risk, smoking 

intentions, PBC, and current behaviour (Charng, et al., 1988; Hertel & Mermelstein, 2012; 

McCusker, 2001). The more an individual identified with being a smoker, the more 

positive attitudes they held in relation to smoking, the higher their willingness and 

intentions to smoke, the more aware they were of their risk relative to similar others, and 

the lower their PBC. Yet contrary to expectations, self-identity did not improve the 

predictive ability of the model. Previous research found that  it only accounted for an 

additional 1% of the variance in intention over the basic TPB components (Charng, et al., 

1988), so given the extent of its relationships to other predictive variables in the model, it 

is possible that it did not exert enough independent influence on intentions to warrant 

inclusion here. 

As hypothesised, support was found for the addition of risk perceptions to the 

extended model, but only in the case of RG and RS risk which was unexpected. These 

items formed a new latent relative risk factor in the model, which directly influenced PBC 

and also current smoking status. The addition of the risk items to the model brought the % 

of smoking status variance above that found in the baseline model. Although the increase 

was marginal (57% to 58.1%), the identification of risk as a significant predictor of both 

PBC and current smoking status has theoretical value. Interestingly, people who felt that 

they were more at risk than other individuals and other smokers their own age also felt that 

they had lower levels of PBC and were more likely to smoke. As discussed in Chapter 5, 

reporting high levels of relative risk supports the contention that smokers are aware of 

their own risk of smoking (Brady, et al., 2008; Slovic, 1998). These findings now 

challenge the idea that lower levels of perceived personal risk are predictive of increased 
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smoking (Gerrard, et al., 2008); this challenge is further supported by the fact that smokers 

demonstrated an optimistic bias for immediate in comparison to general harm from 

smoking, and they were more likely to avoid thinking about the health risks associated 

with smoking, yet these items did not significantly improve the predictability of the model. 

Not only did the recognition of relative risk fail to act as a protective factor to smoking, it 

actually decreased PBC and increased the likelihood of smoking behaviour. Relative risk 

levels were positively associated with self-identity as a smoker, so individuals who see 

themselves as a smoker seem to feel powerless to change their behaviour despite an 

awareness of the risk to themselves from this behaviour. The association between self-

identity and risk warrants further investigation, as does the fact that risk perceptions 

influence smoking behaviour directly and indirectly via PBC. They therefore represent a 

clear influence on behaviour that is not mediated by intentions. 

In relation to other recommended TPB model extensions, neither AR nor 

behavioural willingness predicted smoking intentions or current smoking behaviour in this 

study. Medium-strength negative associations were found between AR and both intentions 

and behaviour, which suggests that it could act as a psychological deterrent against 

smoking. However, the lack of predictive ability for this construct only partially supports 

previous findings where AR was seen to be predictive of smoking initiation in adolescents, 

though not of actual smoking behaviour (Conner, et al., 2006). AR may tap into 

anticipated affective reactions to smoking, as suggested by Conner and Armitage (1998), 

but not to the extent that they significantly influence intention or current behaviour. 

Instead, AR may be more useful in models of smoking cessation (Moan & Rise, 2005) as it 

may predict intentions to quit smoking, or act as a protective factor against relapse. 

Similarly, despite strong relationships with attitudes, PBC, intentions, and current 

behaviour, behavioural willingness did not significantly increase model predictions. 

Contrary to previous arguments (Sutton, 1989; Warshaw & Davis, 1985), it may be that an 
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individual’s reporting of smoking intention incorporates their perceived likelihood of 

smoking or not smoking. It could also be argued that the need to separate behavioural 

willingness from intention is more important when looking at trying to resist a previously 

habitual behaviour, which again would make it a more suitable construct for models of 

smoking cessation.  

Finally, consistent with the basic TPB model, both PBC and smoking intentions 

directly influenced smoking behaviour in Model E. Given that current smoking behaviour 

was included in the model, it is unsurprising that the largest influence on behaviour was 

via intentions. Both these and PBC were in turn most heavily influenced by attitudes to 

smoking. White and colleagues (2009) previously argued that attitudes and PBC were the 

primary determinants of intentions and, given the weaknesses of the SN construct, it could 

be completely removed from the model. These findings support this contention. Model E 

demonstrated that attitudes influenced both PBC and intentions and that SN failed to 

improve model predictions. SN was subsequently removed from Model F with almost no 

change to the ability of the model to predict intentions and behaviour in this group of 

participants. However, before concluding that SN cannot usefully be employed as a TPB 

construct when modelling smoking behaviour, it is important to consider whether the 

models perform equivalently well in each of the different age groups.  

6.4.2  Efficacy of the extended TPB models in different age groups   

The extended configural models fit the data well in each of the age groups, which 

indicates that the number of factors and the pattern of their structure were similar across 

adolescents and adults. Measurement differences were found in both models, however, and 

these related specifically to the like-smoking and FA difference score items. This suggests 

that these items are operating somewhat differently in their measurement of attitudes 

towards smoking in each age group. Nevertheless, age groups had very similar loadings for 

both parameters in each model, which suggests that the items demonstrate factorial 
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invariance across the groups. There are several possible reasons for these inconsistencies 

in measurement invariance findings. It could be that the variation in responding relates to 

chance variation in the observed samples or to differences in sample size across the 

groups. It would therefore be important to replicate this analysis in a similar heterogeneous 

sample, but one that contains more equal group sizes. It is also possible that a higher 

degree of social desirability responding was evident in one of the groups. Adults, for 

example, have been shown to be more susceptible to socially desirable responding than 

adolescents (Welte & Russell, 1993) which may prevent them from expressing personally-

held beliefs, although it is harder to understand why this bias would not also have been 

reflected in the H-SCQ scores. Issues with structural invariance were also found in Model 

E. These specifically rated to the degree to which attitude and SN, and attitude and risk, 

co-varied in each age group. In contrast, Model F was found to be structurally invariant 

across age groups. This suggests that the removal of SN from the extended model is 

particularly appropriate when examining smoking behaviour across different age groups. 

Notwithstanding the partial measurement invariance found in the model, results 

demonstrated differences in the influence of some of the model parameters across age 

groups. As expected, smoking positivity bias had less influence on the smoking intentions 

of older adult smokers, but only when explicitly measured using the H-SCQ scale. MN 

also had less influence on attitude formation in this older age group, and attitudes 

themselves had less influence on intentions and on PBC than in both younger age groups. 

This is unsurprising given the earlier finding of this thesis that smoking-related positivity 

biases decline with age. It also supports similar findings in the literature (Leigh & Stacy, 

2004; Leung & McCusker, 1999). In contrast, the influence of relative risk was much 

greater for older adults. It influenced PBC to a much greater extent than attitudes, and PBC 

exerted a stronger influence over attitudes than in other age groups. Moreover, the direct 

influence of relative risk on current smoking behaviour exceeded that of attitudes given 
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that this influence was mediated by intentions. Despite having an understanding that they 

are at a greater risk relative to similar others, this knowledge reduces PBC and increases 

the likelihood of smoking in the older adult group. As discussed in the section above, the 

relationship between relative risk perception, PBC, and smoking behaviour warrants 

further research, particularly in terms of understanding how these perceptions influence 

older adult smoking. A clearer understanding of this unusual relationship may also help to 

explain why the robust relationship found between intentions and many health-related 

behaviours is weakened in addiction (Armitage & Conner, 2001; McCusker, 2001; 

McMillan & Conner, 2003; Sheeran, et al., 2002). 

Contrary to expectations, the influence of clear overestimation of peer smoking 

was similar in each age group. Despite research that suggests that normative peer 

perceptions are especially influential on adolescents (Armitage & Conner, 2001; Flay, et 

al., 1994), the perceived behaviour of psychologically relevant groups would appear to 

influence intentions to a similar extent in all ages. Finally, no significant impact of group 

identity was found in any age group even though the impact of this item was significant 

when all participants were analysed together. This finding would support the removal of 

group identity from Model F in an attempt to further improve parsimony, although 

previous research suggests that this construct is related to the influence of perceived group 

norms (Ãstrom & Rise, 2001) so it would be preferable to replicate these analyses in a new 

sample before determining that group identity is not usefully employed in the extended 

model. Given the previous research finding that a strong commitment to a smoking group 

is associated with lower levels of quit intentions (Rise & Ommundsen, 2011), it may be 

that this construct is more suited to models of smoking cessation. 

6.4.3  Limitations   

This study has a number of strengths: the use of validated multi-dimensional 

measures for most of the TPB constructs; the addition of implicit as well as explicit 
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measurement of smoking expectancies; perhaps most importantly the measurement of the 

relative strength of expectancies (FA and H-SCQ difference scores) which makes an 

allowance for the fact that individuals may simultaneously hold both positive and negative 

attitudes to smoking even in situations where their overall evaluation of smoking is 

negative (Lewis-Esquerre, et al., 2005; Rash & Copeland, 2008); the examination of age-

related differences in smoking intentions and current smoking behaviour; and the use of 

SEM analyses which take error covariances and multiple  indicators of the same construct 

into account in a way that regression analyses cannot. However, some methodological 

limitations should be taken into account in the interpretation of these results.  

The cross-sectional nature of the study necessitated the modelling of smoking 

intentions and current smoking status, rather than the prediction of prospective behaviour 

which would have been possible with a longitudinal design. As a result, causal 

relationships cannot be inferred. For example, this study cannot explain whether the 

smoking attitudes, FCE effects, or relative risk perceptions are antecedents or 

consequences of an individual’s current smoking status. Nevertheless, modelling current 

behaviour allowed the identification of the smoking-related factors that were most 

associated with current smoking status. This knowledge will assist in designing 

interventions for current smoking behaviour that take these additional smoking-related 

constructs into account. These interventions might specifically target attitudes, which 

would include positive smoking-expectancy bias and MN, FCE effects for peer smoking 

prevalence, and relative risk perceptions. Now that these influential constructs have been 

identified, it will be important for future research to examine these effects across time and 

to identify the causal relations between model variables.  

Although self-report measures have been found to be reliable (Dolcini, Adler, & 

Ginsberg, 1996; Patrick et al., 1994), some socially desirable responding was possible. 

Smoking-related constructs were measured with previously validated items and good-to-
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excellent reliability was found for each. While this included the group identity variable, it 

was less reliable than the other constructs, which may have impacted its ability to 

influence intentions in the model. A final potential limitation is the unequal distribution of 

participant numbers across age and smoking status groups, as discussed in the previous 

chapter.  

6.5  Conclusion 

Although replication of these findings is undoubtedly required, they illustrate the 

value of extending TPB smoking models in an attempt to better understand smoking 

intentions and current smoking behaviour. They indicate clearly that attitudes and PBC 

exert more influence on smoking intentions and behaviour than do SN. They demonstrate 

that while normative influences can contribute to the model, MN does so via attitudes, and 

clear overestimation of peer norms is a better measure of normative group influence than 

the estimates of peer prevalence themselves. Finally, the study demonstrates the 

importance of understanding how the relationships between smoking constructs change 

with age and experience. This is a particularly relevant finding in terms of the influence of 

relative risk perceptions in an older adult group. These analyses should both further our 

understanding of the links between intentions and current smoking behaviour, and serve as 

a platform for further research into the suitability of the model for explaining prospective 

behaviour. Furthermore, these findings will inform prevention and treatment efficacy, as 

they demonstrate the need to consider how the factors related to smoking behaviour differ 

with age, and the practical implications of these differences with regard to smoking 

cessation and prevention programmes. This will be examined in more detail as part of the 

general discussion in the next chapter.  
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Chapter 7: General Discussion 

The aim of this thesis was to examine the contribution of cognitive biases to the 

development and maintenance of tobacco smoking in adolescents and adults. Anomalies 

between self-reported smoking intentions and actual smoking behaviour are common, yet 

few studies investigate both the explicit and implicit measurement of smoking cognitions 

within the same sample. Concentrating on one measurement approach alone not only 

reduces our understanding of the cognitions that are related to addictive behaviour, but 

also limits the theoretical models that can be used to explain them. Furthermore, few 

studies consider implicit adolescent smoking cognitions, despite the knowledge that 

smoking onset typically occurs during this period. 

The research presented in this thesis set out to address five specific questions: first, 

the extent to which smokers and non-smokers of different ages appreciate both the positive 

and negative consequences associated with smoking; second, how smokers and non-

smokers of different ages manage negative smoking-related information and whether 

smokers cognitively avoid this information in some way; third, whether smokers 

overestimate peer prevalence rates of smoking and if this overestimation changes with age 

or smoking experience; fourth, whether smokers understand the risks involved when they 

decide to smoke, or if they exhibit optimistic risk biases for smoking-related health and 

addiction risks; and finally, whether an extended-TPB model incorporating measures of 

smoking-related cognitive biases could increase our understanding of smoking intentions 

and current smoking behaviour. This chapter will review the key findings from the three 

research studies presented in this thesis in terms of these five research questions (RQ). The 

theoretical and practical implications of these findings will be then discussed. Finally, 

methodological strengths and weaknesses will be addressed, along with suggestions for 

future research.   
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7.1  Summary of Empirical Findings 

7.1.1  RQ1: Positive and Negative Smoking Expectancies 

7.1.1.1  Positive expectancy bias.  Study 1 revealed that although smokers of all 

ages explicitly endorsed a range of negative smoking expectancies, they gave more 

positive explicit evaluations of smoking than non-smokers. Adolescent smokers were 

found to be most positive about smoking while older adults were most negative. These 

findings confirmed earlier research that found consistent explicit positive memory biases 

for smoking-related information in smokers (Lewis-Esquerre, et al., 2005; Rash & 

Copeland, 2008). Study 3 replicated these findings in a larger and more heterogeneous 

group. Of particular interest was that although smoker and ex-smoker evaluations of 

smoking became more negative with age, this pattern was reversed in the experimental and 

never-smoker groups. The more detailed categorisation of smoking status in this study 

illustrated that younger experimental smokers were aware of the negative consequences of 

smoking, even when tempted to try smoking themselves. Both studies also found that 

positive, but not negative, smoking expectancies were significantly associated with 

nicotine dependence and cigarette use, which is consistent with the literature (Copeland, et 

al., 1995; Lewis-Esquerre, et al., 2005; Rash & Copeland, 2008; Schleicher, et al., 2008).  

Study 1 also demonstrated that smokers of all ages were more positive about 

smoking than non-smokers when expectancies were implicitly measured. These findings 

are consistent with previous reports of a memory accessibility bias for positive smoking-

related associations in smokers (C. B. Anderson, et al., 2002; Leung & McCusker, 1999). 

Most importantly, the size of the disparity between positive and negative implicit 

evaluations of smoking differed between smokers and non-smokers, suggesting that this 

relative expectancy measure could usefully be employed to predict smoking behaviour. 

Study 3 subsequently replicated this bias, but some differences were found between the 

overall implicit evaluations of smoking in the two studies. In contrast to previous research 
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(Leung & McCusker, 1999), a novel outcome of Study 1 was that adolescents and younger 

adults were shown to be net positive about smoking in the first half of the FA task. 

However, all groups in Study 3 gave an overall negative evaluation of smoking in the first 

half of the FA task, which supports Leung and McCusker’s (1999) original results. The 

younger average age of Study 3 adolescents and young adult participants may have 

contributed to this (O'Connor, et al., 2007). These results can still be interpreted as a 

positive memory bias for smoking-related expectancies in smokers, as they could clearly 

be differentiated from non-smokers on the basis of their significantly less negative 

expectancy scores.   

Differences were also found when explicit and implicit expectancy scores were 

compared. Study 1 smokers gave significantly more positive implicit than explicit 

evaluations of smoking, but the opposite pattern was found for daily smokers in Study 3. 

No differences were found between the two measurement approaches for weekly smokers. 

Two further novel findings emerged from Study 3. Firstly, adolescent never and 

experimental smokers gave more positive implicit, in comparison to explicit, evaluations 

of smoking. It is therefore possible that implicit smoking expectancy measures can provide 

an early indication of strengthening positive smoking associations, which could potentially 

be predictive of smoking initiation or escalation. Secondly, a unique relationship was 

found between implicit and explicit negative evaluations of smoking in older adult weekly 

smokers who commenced smoking at a young age. A strong positive correlation was found 

between the age smoking started and negative smoking expectancies generated implicitly, 

while explicit endorsement of negative smoking outcomes was strongly associated with 

nicotine dependence scores. Results from the two negative expectancy measures were also 

strongly related.  Given that this group has been smoking for some time, this relationship 

suggests the possibility that highly accessible negative smoking expectancies act as a 

protective factor against escalation to daily smoking (Sherman, et al., 2003).  



250 

 

Finally, Study 1 demonstrated that the first half FA difference score was more 

successful in predicting self-reported current smoking status than the SCQ difference score 

alone, although the combination of the two measures was shown to be the most successful 

model. Both measurement approaches were also found to significantly contribute to the 

smoking behaviour models presented in Chapter 6. This suggests that each measurement 

approach is capable of explaining a unique portion of the smoking status variance.  

7.1.1.2  Organisation of smoking expectancies.  The development of a revised 

explicit smoking expectancy measure in Study 1, and its subsequent validation in Study 3, 

provided the opportunity to address the organisation of smoking expectancies in different 

age groups. Finding that an 8-factor H-SCQ model demonstrated the best fit for the data in 

both studies, and that this model was invariant across age groups, supports previous 

research that found evidence for larger factor models in adolescents (Lewis-Esquerre, et 

al., 2005) and in young adults (Schleicher, et al., 2008), and challenges research that 

promoted the use of less detailed factor structures in these age groups, on the basis that 

their smoking-related expectancies would be more global in nature (S. A. Brown, 1993; 

Copeland, et al., 2007). Alcohol research has found that the factor structure of outcome 

expectancy scales remained relatively stable across experience and age (Christiansen, et 

al., 1982; Wiers, et al., 2002), even though alcohol expectancies were shown to become 

more defined with increased use, and expectancy endorsement patterns varied across 

groups. As a result, this research recommends the use of the H-SCQ scale and a common 

factor structure when assessing smoking-expectancies across heterogeneous groups, 

although it would be inadvisable to conclude that the organisation of smoking expectancies 

is analogous across groups. 

Consistent with previous research, a very clear pattern of results emerged from 

Studies 1 and 3 that demonstrate the ability of the H-SCQ to differentiate between 

smoking status groups (Copeland, et al., 1995; Lewis-Esquerre, et al., 2005; Rash & 
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Copeland, 2008).  Smokers of all ages endorsed fewer smoking expectancies related to 

negative physical feelings, negative social impressions, and health risks than non-smokers, 

but they endorsed more outcomes associated with negative affect reduction, positive 

reinforcement, and in the case of adolescents, weight control. An interesting finding was 

that some of the perceived outcomes endorsed by non-smokers seemed unrelated to the 

expectancies that smokers had of their own behaviour. For example, non-smokers of all 

ages held a significantly higher expectation of social facilitation outcomes than smokers 

did themselves.  

Each study found that as a person aged, they became more aware of the negative 

health and physical consequences of smoking, and the particularly high endorsement of 

these expectancies by older adult ex-smokers in Study 3 supports the view that they could 

be associated with cessation success in adult smokers (Copeland, et al., 1995; Wetter, et 

al., 1994). Age had a very different impact on the endorsement of negative social 

consequences; among smokers, older adults gave the highest ratings, whereas adolescents 

endorsed more negative social expectancies in the non-smoking group. Similar to the way 

non-smokers perceived social facilitation expectancies from smoking to a greater extent 

than smokers, older adult non-smokers held higher expectations that smoking would result 

in negative affect reduction than did smokers themselves, which could be interpreted as a 

perception held by older adults as to why people choose to smoke; in other words they see 

smoking primarily as a coping mechanism (Shiffman, et al., 1996).  

7.1.2  RQ2: Management of smoking-related information 

Study 2 demonstrated that, with the exception of adolescent non-smokers, all 

participants displayed a modified-Stroop attentional bias to smoking-related images, in 

comparison to neutral images. These findings confirmed earlier research that found 

smoking Stroop effects in both smokers and non-smokers (Domier, et al., 2007; Johnsen, 

et al., 1997). They only partially support the utility of the modified-Stroop task as a means 
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of differentiating individuals by smoking status (Munafo, et al., 2003), since this 

distinction was only possible in the adolescent group. This general bias towards smoking 

information was seen only in the modified-Stroop task, which contrasts with previous 

studies that demonstrated an attentional bias to smoking-related information in smokers, 

relative to non-smokers, using a visual dot-probe task (Bradley, et al., 2004; Bradley, et al., 

2003; Hogarth, Mogg, et al., 2003), and those that demonstrated that smoking status 

(Jarvik, et al., 1995) and alcohol use (Feldtkeller, et al., 2001; Hill & Paynter, 1992) 

influenced the speed of lexical decisions to substance-related words. 

More specifically, Study 2 examined how a positive or negative depiction of 

smoking impacted cognitive processing in varied smoking status and age groups. Given 

the lack of consistent results across the three tasks, and the conflicting findings from 

previous research, it is difficult to reach any clear conclusions. Firstly, the study was 

unable to explain why a smoking Stroop effect was found in adolescent smokers, but not in 

adolescent non-smokers. Secondly, vigilance for general-negative words was observed for 

all participants on the LDT task. This vigilance was associated with general-negative dot-

probe attentional bias in adolescents and older adults, but with modified-Stroop attentional 

bias scores to all but neutral images in younger adults. Thirdly, no support was found for 

the hyper-accessibility of smoking-positive words or the suppression of smoking-negative 

words in smokers until the smaller group of primed LDT participants were examined. 

Adolescents were found to inhibit smoking-negative words in comparison to general-

negative. Smoking-positive words were also easily identified by adolescent smokers, but 

this accessibility was not seen in older smokers. The only attentional bias found to 

smoking-positive images was in adolescent non-smokers on the dot-probe task. Finally, no 

relationship was found between the self-report suppression measures in Study 1 and 

implicit cognitive reactions to negative information on any of the tasks in Study 2. 
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7.1.3  RQ3: False consensus effect for peer smoking prevalence 

Study 3 examined perceived peer smoking prevalence in adolescent and adult 

smoking and non-smoking groups. Clear patterns of overestimation were found, and these 

were best predicted by having large numbers of friends who smoked, perceiving high 

levels of smoking in the work, college, or school group, participant age, and current 

smoking behaviour. It was found that the extent of the overestimation declined with age, 

but it generally increased with experience (i.e., if age is kept constant, increased 

experience leads to overestimation). These results are in line with previous reports of 

overestimation of peer smoking prevalence (Hoffman, et al., 2006; Otten, et al., 2009; 

Sutton & Bolling, 2003), and with research suggesting that the percentage of friends and 

the percentage of peers who smoke most influence the size of the FCE (Reid, et al., 2008; 

Unger & Rohrbach, 2002).  

Finding that all adolescents clearly overestimated peer smoking prevalence, even 

those in the experimental and never-smoking groups, supports a selective exposure 

explanation of the FCE (Marks & Miller, 1987; Sherman, 1983; Sutton & Bolling, 2003), 

but this does not adequately account for the high levels of overestimation seen in older 

adult non-smokers. It was suggested that these adults were responding to their view as to 

the deviant nature of smoking and enhancing their own self-image by overestimating their 

distinctiveness relative to others of the same age (Sherman, 1983; Suls, et al., 1988; Sutton 

& Bolling, 2003). In fact, this motivational self-enhancement explanation of FCE can also 

account for the relatively higher peer prevalence estimates in adolescent smokers, relative 

to adolescent non-smokers. In this case, adolescent smokers may distort the consensus to 

support their smoking behaviour (Marks & Miller, 1987). It is interesting to note that these 

same non-smokers explicitly endorsed more social facilitation expectancies than did 

smokers themselves (see Chapter 4). The combination of a strong perception that 

individuals smoke for social reasons, and that more peers smoke than is actually the case, 
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seems likely to influence smoking initiation in adolescents who feel motivated to conform 

to these social norms. 

7.1.4  RQ4: Optimistic smoking-risk bias 

Study 3 also examined optimistic risk biases in adolescent and adult smoking and 

non-smoking groups. Only daily smokers rated their own smoking-related health and 

addiction risk as higher than that of an average person and of a typical smoker their own 

age; all other groups displayed an optimistic relative risk bias, but an increasing awareness 

of risk was related to increased smoking experience. As a result, smokers were not deemed 

to be optimistic in assessing either their health-related smoking risk or the risk of 

addiction, which is in line with some (Slovic, 1998), but not all (Cohn, et al., 1995; Hansen 

& Malotte, 1986; Klein & Weinstein, 1997; Quadrel, et al., 1993; N. D. Weinstein, 2001) 

previous research. Both smokers and non-smokers also gave similar ratings for addiction-

related H-SCQ expectancies, and small but significant relationships were found between 

addiction risk and both nicotine dependence and the age at which daily smoking 

commenced. It is therefore likely that those who are more dependent, and those who are 

older when they begin regular smoking, are more aware of and concerned about becoming 

addicted.  

In contrast, smokers, and in particular adolescent smokers, were found to be 

optimistic in terms of perceived harm from smoking; while all groups perceived less 

immediate than general harm, the difference between the two was greatest in younger 

smokers. An increasing tendency to avoid health-related thoughts was also demonstrated 

with increased smoking experience, and by adolescents and young adults in comparison to 

older adults. These results are consistent with the view that context is important when 

assessing risk (Viscusi, 1992), and that adolescents hold a particularly optimistic view of 

the short-term harm from smoking (Cauffman & Steinberg, 2001; Gardner & Steinberg, 

2005; Romer & Jamieson, 2001). 
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7.1.5  RQ5: Contribution of cognitive bias to smoking intentions and 

behaviour 

Chapter 6 presented two extended-TPB models that incorporated relative smoking 

expectancy scores, overestimation of peer smoking prevalence, and optimistic relative risk 

bias. The first and larger model (Model E) was developed from the examination of all 

potential contributing variables. It demonstrated that the addition of smoking expectancy 

positivity bias, clear overestimation of peer smoking prevalence (descriptive norms), moral 

norms, group identity, and relative risk perceptions improved the explanatory power of the 

model in comparison to a basic TPB model. Anticipated regret, behavioural willingness, 

and an optimistic view of smoking harm were not found to be effective additions to the 

model. Furthermore, although subjective norms are typically included in a TPB 

framework, they were not found to significantly enhance the utility of the model in this 

case. Their exclusion resulted in the creation of a more parsimonious model (Model F) that 

demonstrated a correspondingly good fit to the data. These findings are compatible with 

previous studies that have also suggested that subjective norms have limited predictive 

ability (Armitage & Conner, 2001; McMillan, et al., 2005; White, et al., 2009), and those 

that recommend extending TPB models to include multi-item attitudinal measures (Conner 

& Armitage, 1998), moral norms (Manstead, 2000), descriptive norms (Grube, et al., 1986; 

McMillan & Conner, 2003; Rivis & Sheeran, 2003; Vries, et al., 1995), and group identity 

(Ãstrom & Rise, 2001; Rise & Ommundsen, 2011; Sussman, et al., 2007).  

The examination of model invariance across age groups illustrated that the 

configuration of both models fit the data well in each case. Liking smoking and the 

implicit measurement of the relative balance of positive and negative smoking 

expectancies differed across age groups in both models. While this measurement 

difference suggests an age-related divergence in the way that these items are operating, 

similar loadings were found for both items in each group. No other measurement 
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differences were found. Age-related structural differences in the covariances between 

attitudes and subjective norms, and between attitudes and risk, were also identified in 

Model E. These were resolved with the removal of the subjective norms in Model F, which 

suggests that this model is particularly appropriate for use when examining smoking 

behaviour across different age groups. 

7.2  Theoretical Implications 

As discussed in Chapter 1, incentive-sensitisation (Robinson & Berridge, 1993, 

2001, 2003), cognitive processing (Tiffany, 1990), expectancy (Rather & Goldman, 1994), 

and associative memory (Collins & Loftus, 1975; Shiffrin & Schneider, 1977) models each 

propose that addictive behaviour is maintained by a combination of automatic and non-

automatic processes, although they differ in the extent to which they describe the nature of 

the influence that each exerts on behaviour. As such, they can be considered as ‘special 

case’ dual-process models that attempt to explain addictive behaviour (Wiers, Gladwin, 

Hofmann, Salemink, & Ridderinkhof, 2013).  

Different dual-process theories vary in their specifics, but each is based on the idea 

that there are at least two relatively independent processing systems: a fast associative 

‘impulsive’ system based on automatic processes triggered in response to the emotional 

and motivational significance of drug-related stimuli, and a slower ‘reflective’ system 

containing more deliberative ‘control’ processes governed by an individual’s motivations 

and knowledge of long-term consequences (Fazio & Olsen, 2003; Slovic et al., 2004; 

Strack & Deutsch, 2004; Wilson, Lindsey, & Schooler, 2000). Contemporary models such 

as Deutsch and Strack’s (2006) Reflective-Impulsive Model (RIM) suggest that multiple 

processes are involved in both systems and that these interact to produce behaviour. While 

many of these models view explicit cognition as a control process which can override 

implicit impulses towards harmful behaviour, others such as the affect heuristic model 

(Slovic et al., 2004) suggest that automatic responses lead to cognitive biases that 
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undermine rational decision-making. Although the balance between automatic and 

reflective processing varies across models, these systems can operate in parallel, so they 

can exert independent but additive effects on behaviour (McCusker, 2001). Each model 

describes a role for strengthened associative, impulsive, and relatively automatic processes 

which help to explain how pre-existing positive drug-related associations can bias 

cognitive processing and increase the likelihood of decisions that favour drug use.  

The theoretical implications of the findings of this thesis will be considered for the 

dual-process models of addiction listed above, and also for the socio-cognitive theory of 

planned behaviour model (Ajzen, 1991) which, in this instance, acts as a framework in 

which to consider the integration of automatic and non-automatic influences on smoking 

behaviour in a population of diverse smoking status and age. The role of explicit and 

implicit measures in determining behaviour will then be considered in the context of this 

dual-processing approach. 

7.2.1  Incentive-sensitisation and automatic cognitive processing models 

Incentive-sensitisation (Robinson & Berridge, 1993, 2001) and automatic cognitive 

processing (Tiffany, 1990) models of addiction would suggest that attentional bias to 

smoking-related information should be observed in smokers but not in non-smokers. In 

Study 2, both smoking status groups, with the exception of adolescent non-smokers, 

displayed a modified-Stroop attentional bias to smoking-related images, relative to neutral 

images. This general bias was not found on the visual dot-probe task. These results are 

problematic for both theories.  

The incentive-sensitisation model suggests that attentional bias is mediated by 

automatic, preconscious processes that arise as a result of continued drug use, from 

persisting neuroadaptations to motivation and reward centres in the brain (Robinson & 

Berridge, 1993). As a result, smokers would have been expected to exhibit an attentional 

bias towards smoking-related information on the dot-probe task. Smoking-positive and 
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smoking-negative images were examined separately in this task, so if valence was a 

confounding factor this bias may not have been distinguishable in smoking/general image 

pairs. However, bias should have been observed in the smoking-positive/neutral and in the 

smoking-negative/neutral pairs. The observation of an attentional bias to smoking-related 

information in smokers on the modified-Stroop task would instead seem to support the 

automatic cognitive processing theory proposed by Tiffany (1990). In this model, the 

smoking cues would have triggered automatic action schema, and potentially other 

smoking-related associations in memory. However, being engaged in the modified-Stroop 

task meant that the smoker could not complete this automatic action plan, and Tiffany 

(1990) suggests that this impediment would have resulted in the activation of non-

automatic processes in an attempt to control the urge to smoke, which produced attentional 

bias as they interfered with other non-automatic processes; in this case the colour-naming 

of the image border.  

The ability to distinguish between adolescent smokers and controls on the 

modified-Stroop task would seem to provide support for both models, but this finding 

needs to be examined in light of the lack of distinction between adult smokers and non-

smokers on the same task. Although the adolescent smokers displayed similar levels of 

nicotine dependence to both adult groups, they smoked significantly fewer cigarettes per 

day than older adult smokers, and they had been smoking for considerably less time than 

both other smoking groups. Given the central role for neuroadaptations in incentive-

sensitisation theory, finding a distinction solely in the youngest smoking group is more 

problematic for this model. Furthermore, the lack of any relationship between dot-probe 

and modified-Stroop results suggests that they are not mediated by a common underlying 

mechanism, as indicated by the incentive-salience mechanism proposed by Robinson and 

Berridge (1993). 
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There still remains a need to explain the modified-Stroop attentional bias to 

smoking-related information found in adult non-smokers. Despite the suggestion that these 

findings may be driven by differences in the way that smokers and non-smokers respond to 

smoking-positive and to smoking-negative images (W. M. Cox, et al., 2006), Study 2 was 

unable to provide support for this hypothesis. It is possible that non-smokers have 

developed generalised smoking-related action schema, in response to a combination of 

positive and negative smoking-related information, that drive attentional bias irrespective 

of whether or not the smoking-cue itself is positive or negative. Further research would be 

required to examine this proposition in more detail. As a result, these models provide only 

a partial understanding of smoking-related addiction. 

7.2.2  Expectancy and associative memory models 

CSLT argues that an individual does not require direct experience of a particular 

behaviour to associate it with certain outcomes (Bandura, 1977; Petraitis, et al., 1995). The 

lack of strong correlations between explicit endorsement of positive smoking expectancies 

and either nicotine dependence or cigarette use in smokers, and the observation that 

smoking expectancies are similarly organised in individuals with diverse age ranges and 

smoking experience, supports the view that smoking-related associations can be developed 

and refined vicariously as well as with direct smoking experience. CSLT would also 

suggest that the balance of expectancies would be consistent for individuals across time, 

but this research instead supported the previous finding that smokers generate more of 

their positive associations earlier in a free association task than non-smokers (Leung & 

McCusker, 1999). Furthermore, not only did smokers display a positive memory bias for 

smoking-related associations, the relative nature of the measure implies that the size of the 

difference between positive and negative evaluations of smoking is theoretically important.  

Associative memory models propose that as one node in memory is triggered, 

activation spreads across the network triggering other nodes representing related constructs 
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in memory. The more practised the associations between nodes, the stronger the links 

become, the more likely they are to be triggered automatically (Shiffrin & Schneider, 

1977), and the more accessible one becomes in the presence of the other. Automatically 

accessible associations are more likely to influence a particular cognitive processing 

sequence (Palfai, 2002), and to be closely linked to behaviour (Bargh, 1992). Given that 

expectancy networks can be conceptualised as associative memory systems (Collins & 

Loftus, 1975), the findings of this thesis provide clear support for the propositions made by 

associative memory models. In addition to finding positive smoking expectancy biases in 

smokers, the implicit measurement of this bias was found to predict more of the variation 

in current smoking behaviour than explicit expectancy measurement, although the most 

successful models found in Studies 1 and 3 were those that combined both measures. 

Social learning definitions typically see expectancy as an explicit construct (Bandura, 

1977), so CSLT needs to be integrated with associative memory models in order to 

account for the independent influence that each measure of expectancy exerts on 

behaviour. 

The research findings could not, however, determine whether this smoking 

expectancy positivity bias reflected the hyper-accessibility of positive smoking-related 

information in memory, or the automatic suppression of negative smoking-related 

associations. Both CSLT and associative memory theories would suggest that smokers 

would respond more quickly to positive smoking-related stimuli, in comparison to other 

stimulus categories, yet the only support for this hypothesis was the suppression of 

smoking-negative words by adolescent smokers on the ‘LDT-primed’ task (i.e., in the 

group that completed the LDT task after having completed both the modified-Stroop and 

the dot-probe tasks). It remains to be clarified whether these unexpected findings are the 

result of methodological limitations of Study 2, or deficiencies in the explanatory power of 

these models. Nevertheless, considering smoking-related addiction in the context of the 
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combined explanatory power of automatic cognitive processing, CSLT, and associative 

memory models suggests that smoking stimuli do automatically grab attention is a way 

that compromises intentional behaviour. This automatic allocation of attention to smoking-

related stimuli has the additional consequence of triggering automatic expectancies 

associated with these stimuli, which further increases the influence of implicit cognitive 

processes on behaviour, and essentially reduces the individual’s explicit control over that 

behaviour.  

7.2.3  Theory of planned behaviour models 

CSLT and outcome-expectancy models (Marlatt, 1985) prescribe a key role for 

Bandura’s (1977) concept of self-efficacy. This incorporates the perceived difficulty of the 

task, the persuasiveness of role models, and past experience with the behaviour. In 

contrast, TPB models can account for any number of behavioural influences, with the 

assumption that they are mediated through intentions and PBC. Although similar to self-

efficacy, PBC incorporates a wider evaluation of behaviourally-relevant constructs, and 

the smoking-behaviour models developed in Study 3 demonstrate the influence that each 

has on PBC, as well as on smoking intentions. A persisting difficulty with TPB models of 

addictive behaviour, however, is that the relationship between intentions and behaviour is 

weaker than that found in other health-related models (McCusker, 2001). It has been 

suggested that addictive behaviour is less motivated than other health behaviours, and 

more likely to be triggered automatically (Conner & Armitage, 1998), and that there may 

be a more direct influence of addiction-related attitudes and norms (Harrison, et al., 1985).  

Accepting that expectancies are essentially cognitive beliefs or attitudes (Collins & 

Loftus, 1975), this thesis supports the influence of implicit attitudes on smoking 

behaviour. Firstly, implicit measurement of smoking expectancies improved the prediction 

of current smoking behaviour more than explicit measurement alone. Secondly, smoking 

behaviour was best predicted by the combination of implicit and explicit expectancy 
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measures, which confirms that smoking decisions are influenced by both automatic and 

non-automatic cognitions. Thirdly, the particular expectancy measures used in this 

research provided an index of the relative accessibility of positive and negative smoking 

expectancies which supports the view that an attitudinal positivity bias could facilitate 

decisions in favour of smoking (Conner & Armitage, 1998). Attitudes were not, however, 

found to directly influence current smoking behaviour in Study 3; their influence was 

mediated by both intentions and PBC. In contrast, relative smoking risk influenced 

behaviour both directly, and indirectly via PBC, and it therefore represented a clear 

influence on smoking behaviour that was not mediated by intentions. 

Another important finding in Study 3 was that subjective norms did not emerge as 

a significant contributor to the model. This finding is inconsistent with Ajzen’s (1991) 

description of the TPB model, which asserts that salient subjective norms exert a strong 

systematic influence on behaviour, but it does support previous accounts of their limited 

predictive ability (Armitage & Conner, 2001; McMillan, et al., 2005; White, et al., 2009). 

Instead, the model was significantly improved by the addition of moral and descriptive 

norms; the latter were measured as clear overestimation of peer smoking prevalence, 

which again demonstrates the importance of biased cognitive processes in smoking-related 

decisions. The addition of these norms confirms the theoretical importance of extending 

the TPB framework to incorporate a wider range of normative influences when modelling 

smoking intentions and behaviour. The results are also in keeping with the view that social 

influence with regard to certain behaviours stems more from the attitudinal and 

behavioural characteristics of a psychologically relevant reference group than it does from 

the perceived approval or disapproval of other individuals (Ãstrom & Rise, 2001; Terry & 

Hogg, 1996). Although descriptive norms had previously been found to have a direct 

influence on smoking behaviour (de Vries & Kok, 1986), this was not supported in this 

research.  
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Given the cross-sectional nature of these studies, current smoking behaviour was 

examined in this thesis and as a consequence, further research is required to establish that 

the theoretical implications of the research findings can be extended to prospective 

smoking behaviour. Nevertheless, the TPB model provides a framework suited to the 

investigation of the explicit and implicit influences on smoking behaviour. Extending the 

TPB framework to incorporate implicit cognitive measures, implicit and explicit measures 

of cognitive bias, and a broader range of norms, would allow the researcher to bring 

together the implicit and explicit aspects of each of each of the theories reviewed above in 

an attempt to provide a more holistic explanation for smoking behaviour, and one that 

could usefully be employed with diverse age and smoking groups.  

7.2.4  Explicit and implicit measurement of cognition 

Dual-process models suggest that behaviour is likely to involve a combination of 

automatic and controlled processing, yet they lack detailed explanations of why and when 

reflective control is exerted, and the form it takes; motivation, for example, is mentioned 

both in the reflective (motivation to control) and in the impulsive (appetitive motivation) 

systems. This suggests that at least two different forms of motivation exist (Wiers & Stacy, 

2006) and it raises the need to be able to access and measure these forms appropriately. 

The models are consistent in regarding impulsive associative processing as fast, intuitive, 

and relatively effortless (Sloman, 1996). Associations are organised in memory by 

similarity, contiguity, and the degree to which they are retrieved together, rather than by 

logic, and they are automatically activated in the presence of drug-related cues which can 

bias simultaneous and subsequent searches for related information (Wiers & Stacy, 2006). 

Automatic associations can therefore be assumed to differ in speed, efficiency, and 

accessibility to those available with conscious introspection.  

Yet, the explicit-implicit distinction inherent in dual-process models is problematic. 

In the dual-attitudes model proposed by Wilson and colleagues (2000), these terms refer to 
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the attitudinal construct suggesting that both an explicit and an implicit attitude exist in 

memory. However, explicit measurement has not as yet confirmed that an explicit attitude 

is independently represented in memory (Fazio & Olson, 2003). It seems more appropriate, 

therefore, to regard the cognitive measure as explicit or implicit, rather than the construct 

itself. It is also important to recognise that an implicit measure not only reflects 

associations that an individual is unable to access through introspection, but also those 

which people may be unwilling to reveal on an explicit measure (Greenwald et al., 2002). 

As such, the explicit-implicit distinction does not solely reflect measurement of awareness 

and unawareness, and it  has been suggested that the terms ‘direct’ and ‘indirect’ 

measurement would be more appropriate (Fazio & Olson, 2003), but these have yet to 

enter general use in the literature. A variety of implicit measures is available (see Fazio & 

Olson, 2003 for a review), but each needs to be validated in terms of its implicit nature (De 

Houwer, Custers, & De Clercq, 2006; De Houwer, Teige-Mocigemba, Spruyt, & Moors, 

2009), which is difficult given the lack of consensus regarding this definition (Rooke et al., 

2008). It is also important to question whether a relationship should be expected between 

different implicit measures of the same construct, and under what circumstances these 

would be expected to correlate with relevant explicit measures. 

An FA task was chosen as the implicit measure of smoking expectancies in this 

thesis as it provides an open-ended evaluation of those first associations that are most 

highly linked in memory (Stacy et al., 2006; Stacy & Wiers, 2006), which in turn 

represents the associations most quickly accessed by the automatic impulsive system in the 

face of a smoking-decision (Leung & McCusker, 1999; McCusker 2001). When compared 

to a more traditional form of explicit measurement, results in this thesis revealed 

differences in explicit endorsement and implicit generation of smoking expectancies, and 

they suggested that each measurement was capable of explaining a unique portion of the 

variance associated with smoking behaviour. As an indirect measure such as the FA task is 
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likely to contain both pre-conscious responses and information that may otherwise be 

subject to biased explicit reporting, it is important to understand the point at which 

measurement moves from implicit to explicit on this task. Previous research has used FA 

task durations such as 60 seconds (Anderson et al., 2002) and 90 seconds (Leung & 

McCusker, 1999), but it should be acknowledged that these studies do not specifically 

identify when the relatively fast retrieval of automatic associations shifts to slower and 

more deliberate searching. Furthermore, it is likely that this switch occurs at different 

times for different people indicating a need for individualised tools that can identify when 

FA word production slows and implies the use of more explicit cognitive processes. 

Continued investigation is required in order to better define and understand the interactions 

between the two systems inherent in dual-processing models, and the most appropriate 

way of measuring the cognitions associated with each. 

7.3  Practical Implications 

7.3.1  The case for combined explicit and implicit measures 

The theory and research evidence presented in this thesis clearly support the 

likelihood that both explicit and implicit cognitive processes are implicated in smoking-

related behaviour. A combination of explicit and implicit assessment techniques will 

therefore be required to properly understand smoking-related behaviour. Although explicit 

and implicit measurement of the same construct is likely to overlap, using one method 

alone (e.g., explicit assessment) will not necessarily capture details of the other form of 

cognition (e.g., implicit processes). This is demonstrated in Study 1 where implicit and 

explicit measurement assessed at least some different aspects of smoking expectancies. 

Implicit assessment was more successful than explicit in predicting the self-reported 

current smoking status of an individual, although the combination of the two was most 

successful, and each was capable of explaining a unique portion of the variance in current 

smoking behaviour.  
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There is some understanding of the degree to which different explicit assessments 

of the same construct overlap with each other (McCusker, 2001), but less is known about 

the extent of the overlap between implicit measures of the same construct. The lack of 

association between the implicit measures in Study 2 of this thesis is not uncommon, as 

many previous studies have found non-significant correlations between implicit tasks, in 

particular between Stroop and visual dot-probe tasks (Mogg & Bradley, 2002; Sherman, et 

al., 2003). This may just be a reflection of measurement error, but it is also likely to 

indicate that the different implicit tasks are measuring slightly different constructs. For 

example, the Stroop effect is generally inferred from the finding that an automatic 

response to one aspect of a stimulus interferes with the intentional and goal-directed 

processing of another aspect of that stimulus. As such, the Stroop effect is associated with 

early, pre-conscious, selective attention (W. M. Cox, Fadardi, & Pothos, 2006). In contrast, 

a visual dot-probe task measures the allocation of visual attention to pictorial scenes 

(Mogg & Bradley, 2002), that is the extent to which attention is automatically grabbed and 

maintained by an image. In this case attentional bias facilitates performance on the goal-

directed task of locating the probe.  

Although both measure attentional bias, the inhibitory interference effect on the 

modified-Stroop task may be indicative of an individual’s preoccupation with smoking, or 

of their desire to smoke (Franken, Kroon, Wiers, et al., 2000; Zack, et al., 2001), whereas 

the facilitation effect seen on the visual dot-probe task addresses visuo-spatial orienting 

and reflects the degree to which individuals are prone to having their attention captured by 

smoking-related scenes (Mogg & Bradley, 2002). It would be important for future research 

to determine the precise aspects of selective attention that are measured by these two tasks; 

otherwise the influence of motivationally salient information on attention cannot be fully 

understood. Often constructs such as deprivation and smoking urge are manipulated in 

attentional bias studies, and it is possible that these procedures themselves are instrumental 
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in eliciting attentional bias on different measures. It is therefore also necessary to establish 

which measure is more likely to provide a reliable indication of addiction-related 

attentional bias, and in which circumstances. 

Clinical evaluation is typically based on explicit measurement alone, but this 

approach is unlikely to account for the more automatic smoking associations held by 

individuals. It would therefore be useful to test both explicit and implicit cognitions in 

diagnosis, treatment, and prevention of smoking-related addiction. Many of the implicit 

tasks used in research studies would be lengthy, tedious, and potentially subject to practise 

effects (Mogg & Bradley, 2002; Waters, Sayette, et al., 2003) if used as they are in a 

clinical setting. New clinically appropriate implicit measures will therefore be required, 

and research will be needed to establish the psychometric properties and ecological 

validity of these measures. There would also be merit in testing both implicit and explicit 

cognitions with existing interventions to determine which aspects of existing programmes 

successfully operate on both types of cognitive processing. The combination of implicit 

and explicit assessment is likely to result in more successful interventions, and ones that 

could be tailored to the specific needs of the individual, based on the degree of implicit and 

explicit influence on behaviour in their specific case.    

7.3.2  Informing prevention and treatment programmes 

The influence of the smoking-related cognitive biases themselves needs to be 

considered when designing and testing prevention and treatment programmes. In 

particular, these programmes need to consider those aspects of implicit cognition that 

might be indicative of an early indication of smoking tendencies, such as a bias towards 

positive smoking expectancies. Interventions not only need to acknowledge that these 

biases occur; they need to determine the most appropriate way to counteract their 

influence. Just as it is unreasonable to assume that explicit measures tell us something 

about implicit cognition, it would be equally wrong to presume that smoking behaviour 
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can be influenced solely by focusing on the alteration of explicit smoking-related 

cognitions.  

It is well established that motivation to change addictive behaviour strongly 

influences the behavioural change process itself and motivational interviewing is a 

technique often used to increase motivation to quit smoking and to help maintain 

abstinence (Wiers & Stacy, 2006). A recent review of the use of motivational interviewing 

in smoking interventions found that it could successfully deliver cessation, but with effect 

sizes lower than those achieved by individual counselling or group behaviour therapy (Lai, 

Cahill, Qin, & Tang, 2010). In contrast, Cognitive Behavioural Therapy (CBT) teaches the 

individual various techniques and strategies that can be used to reduce smoking, and in 

doing so, there is some evidence that it also strengthens aspects of executive control over 

smoking behaviour (Kiluk, Nich, Babuscio, & Carroll, 2010). Providing the smoker with 

skills that help override their dominant response to smoking-related decisions is certainly 

important for increasing treatment efficacy (Sofuoglu, DeVito, Waters, & Carroll, 2013), 

but this response is primarily driven by appetitive motivation, which can be triggered 

automatically and is therefore outside an individual’s awareness. As a result, ‘bottom-up’ 

interventions that provide an alternate response to smoking in the face of smoking-related 

stimuli may be of value either alone, or in combination with existing interventions 

(Sofuoglu et al., 2013; Wiers et al., 2013).    

One strategy would be to facilitate the encoding of new information that invalidates 

or redresses existing smoking-related memory associations, but there are a number of 

important considerations that must be taken into account to ensure that this information 

successfully hinders automatic processes. Firstly, programmes must acknowledge that 

positive smoking outcomes are experienced, and that these expectancies are highly 

accessible to smokers, and potentially to a subset of adolescent non- and experimental 

smokers who are at risk for smoking escalation. Given that memory is biased towards 
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these positive expectancies, the associations between these concepts in memory are likely 

to be so strong that small amounts of exposure to preventative messages is unlikely to 

negate their influence. Secondly, new information aimed at inhibiting automatic 

processing must be encoded such that it can be triggered by the same cues that prompt the 

existing automatic processes (Stacy & Wiers, 2006). In other words, something from the 

intervention must be automatically activated in memory at the point where the smoking 

decision is made. Stacy and Wiers (2006) suggest that any memory from an intervention 

programme, not just those associated with negative smoking expectancies for example, can 

trigger prevention-focused processing.  

As therapeutic interventions increase awareness of automatic processes and their 

accentuating factors, these processes will be hindered and eventually extinguished 

(McCusker, 2001). The accessibility of negative smoking-related associations is then more 

likely to increase, and more effortful abstinence strategies can successfully be employed. 

Evaluative conditioning, which is the pairing of an addiction-related stimulus with an 

evaluative positive or negative category, has achieved some success creating new  and 

altering existing associations in alcohol-related research (Hofmann, De Houwer, Perugini, 

Baeyens, & Crombez, 2010; Houben, Havermans, Nederkoorn, & Jansen, 2012; Houben, 

Nederkoorn, Wiers, & Jansen, 2011). Given the influence between smoking-related 

associations and behaviour, it would be worthwhile to evaluate the effectiveness of this 

approach in that context.    

 Active avoidance of smoking-related cues has also been recommended as a 

potentially useful strategy for smokers attempting to quit and for ex-smokers attempting to 

remain abstinent (M. Field, et al., 2006; Waters, Shiffman, Sayette, et al., 2003), as it helps 

to avoid the triggering of the automatic processes that lead to smoking behaviour. 

Cognitive Bias Modification (CBM) techniques aim to change maladaptive cognitive 

biases while also attempting to increase executive control processes (Wiers et al., 2013). 
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Researchers are now beginning to look at interventions (Mathews & MacLeod, 2002) to 

determine if drug users can be trained to prevent their attention from being automatically 

grabbed by drug-related cues in an attempt to arrest the automatic processes that lead to 

addictive behaviour.  

Some promising results have been found using modified visual dot-probe tasks for 

retraining attentional bias to alcohol (M. Field et al., 2007; M. Field & Eastwood, 2005; 

Schoenmakers et al., 2010) and to smoking stimuli (Attwood, O'Sullivan, Leonards, 

Mackintosh, & Munafò, 2008; M. Field, Duka, Tyler, & Schoenmakers, 2009), and 

Fadardi and Cox (2007; 2009) have designed the Alcohol Attention-Control Training 

programme based on the use of a pictorial Stroop task. It is interesting to note that the dot-

probe tasks used to retrain attentional bias do so with shorter stimulus presentation 

durations (500 ms) despite the assertion that longer durations (2000 ms) are more 

successful at uncovering the existence of this bias (Bradley, et al., 2004). It may be that it 

is difficult to prevent automatic selective attention to smoking-related cues, but the training 

may prevent this attentional bias from strengthening and subsequently triggering other 

approach-oriented associations with smoking (Stacy & Wiers, 2006).  

The long-term success rates of CBM are as yet unknown and further research is 

needed to determine the training approaches that work best with different biases, the 

persistence of change over time, the extent to which effects from one form of CBM (e.g., 

attentional retraining) may generalise to another bias (e.g., approach bias), and whether 

cognitive biases should be tackled separately, in combination, using CBT alone, or in 

conjunction with traditional proven interventions such as motivational interviewing or 

CBT (Wiers et al., 2013). 

Recent research has also shown that mindfulness interventions can be effective 

treatments for substance use (Zgierska et al., 2009). It has been seen to reduce the 

influence of automatic affective responses on alcohol consumption (Ostafin & Marlatt, 
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2008) and difficulties disengaging from alcohol-related thoughts (Ostafin,Bauer, & 

Myxter, 2012), and it shows promise as an effective intervention for smoking (Bowen & 

Marlatt, 2009; Brewer et al., 2011; Elwafi, Witkiewitz, Mallik, & Brewer, 2012). As 

mindfulness is essentially a state of awareness of immediate experience and a non-

judgemental acceptance of that experience (Ostafin & Marlatt, 2008), researchers have 

suggested that its success rests on the fact that it allows automatically generated cognitions 

to arise without an individual needing to act upon them, either as observed behaviour or by 

engaging in more reflective cognitive processing (Bowen & Marlatt, 2009; Brewer et al., 

2011; Zgierska et al., 2009). There is also some evidence to support an increase in 

attentional control following mindfulness treatment (Chiesa & Serretti, 2013), although 

Waters and colleagues (2009) demonstrated that trait mindfulness was unrelated to an 

individual’s ability to overcome Stroop attentional bias to smoking-related cues. Although 

many of these studies have been of a pilot nature, their findings suggest that further 

investigation of how mindfulness influences the implicit and explicit processes involved in 

addiction is warranted. 

Finally, the clear overestimation of peer smoking prevalence by so many of the 

participant groups in Study 3 illustrates the importance of counteracting these biased 

perceptions in prevention and treatment programmes. Educating adolescents about the 

actual prevalence rates in their peer group has had some success (A. K. Brown, et al., 

2010), but the persistence of this effect into adulthood suggests that similar mechanisms 

are required in all programmes to ensure realistic perceptions of peer smoking rates despite 

the potentially distorting influence of proximal social and environmental factors. Taken 

together, the findings of this thesis suggest that automatic cognitions influence smoking 

behaviour, so it is essential that these are modified to bring about changes in smoking 

behaviour. Prevention and intervention programmes therefore need to examine ways to 

change the smoking-related associations that individuals have available in memory, and 
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also the strength of these associations, as this determines their automatic accessibility and 

the influence that they exert on cognitive evaluations of smoking-related constructs.   

7.4  Methodological Considerations 

7.4.1  Measuring smoking-risk biases 

A comparative approach to risk measurement was taken in this thesis such that if 

an individual viewed their personal smoking risk as lower than an average person of the 

same sex and age, they were deemed to demonstrate an optimistic, or unrealistic, smoking-

risk bias (Sutton & Bolling, 2003). Although unrealistic optimism is a widely recognised 

human phenomenon (N. D. Weinstein, 1987), and one that has been associated with 

smoking (Cohn, et al., 1995; Gerrard, et al., 1996; Hansen & Malotte, 1986; Klein & 

Weinstein, 1997; Quadrel, Fischhoff, & Davis, 1993; Sutton & Bolling, 2003), Harris and 

Hahn (2011) have suggested these findings reflect statistical artefacts rather than genuine 

cognitive bias. They argue that this is particularly the case when individuals evaluate their 

personal risk of relatively rare negative events using short response scales. When asked to 

estimate their chance of getting lung cancer, for example, it would be realistic for an 

individual to report a lower than average chance of personally experiencing that risk. In 

comparison to this majority response, the impact of an extreme rating from someone who 

is pessimisic about their chances of getting lung cancer is lost when an attenuated response 

scale is used. Even when assessing relatively common risk items, Otten and van der Pligt 

(1996) have demonstrated that individuals report higher levels of optimism on a 9-point 

scale than they do on a 201-point scale. Given that individuals also tend to overestimate 

the frequency of rare events, these issues can result in average risk assesements for a 

sample that appear to be overly optimistic (Harris & Hahn, 2011).  

The results of this thesis suggest that smokers are neither optimistic about their 

health-related smoking risk, nor about their risk of addiction, and the optimistic relative 

risk bias displayed by the various non-smoking groups could be argued to be a ‘realistic’ 
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assessment of their chances of encountering these risk items, which is in line with Harris 

and Hahn’s interpretations. While smokers, and in particular adolescent smokers, were 

also found to be optimistic in terms of perceived harm from smoking, the more interesting 

finding was that all groups perceived less immediate than general harm, and the difference 

between the two estimates was greatest in younger smokers. This clearly demonstrates the 

importance of understanding whether the participant is in fact judging the short- or the 

long-term risk of smoking, regardless of the particular response method used.  Finally, it 

should be noted that many researchers continue to support the existence of an optimistic 

risk bias (Shepperd, Klein, Waters, & Weinstein, 2013) and their efforts are now focused 

on developing measures that avoid the statistical limitations described above; for example, 

Sharot and colleagues (2012) examined the impact of L-DOPA on belief change and 

consistent with Incentive-sensitisation theory (Robinson & Berridge, 1993, 2001), they 

found that negative events were consistently underestimated as a result of selective belief 

updating. As well as supporting the view that smokers have an ability to inhibit the 

processing of negative smoking-related  information in some way, it also helps to explain 

the unrealistic risk estimates given by this group in many studies, and supports the 

continued investigation of this phenomenon. 

7.4.2  Assessment of SEM model fit 

This thesis presented the chi-square goodness-of-fit statistic (χ
2
), and the CFI, TLI, 

NFI, and RMSEA indices with each SEM analysis. SMC were also recorded for the 

smoking intent and smoking status variables in the extended-TPB models presented in 

Chapter 6. Although consistency across multiple indices has been suggested to be most 

indicative of model fit (Bentler & Bonett, 1980; Hu & Bentler, 1999; Mulaik et al., 1989), 

there continues to be intense debate regarding the precise indices and attendant cut-off 

points that should be used (Hu & Bentler, 1999), and even a call for the use of such fit 
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indices to be completely eradicated in favour of sole reliance on the χ
2
 statistic (Barrett, 

2007).  

Comparative fit indices such as the CFI were created specifically to resolve issues 

arising from the use of the χ
2
 statistic; for example, difficulties distinguishing between 

poor- and well-fitting models due to reduced power with small sample sizes (Hu and 

Bentler, 1999), and the incorrect rejection of well-specified models when large samples are 

used (Bentler & Bonnett, 1980), or when the data deviates from multivariate normality 

(McIntosh, 2007). However, Barrett (2007) presents evidence that argues against the use of 

single-value thresholds for fit indices and demonstrates they can sometimes lead to 

situations where  models were inaccurately shown to have adequate fit while at other times 

they result in the rejection of adequate models. He also argues that these thresholds have 

become a ‘test of fit’ rather than an indication of the level of misspecification in the model 

and that once passed, researchers can ignore unfavourable χ
2
 results and fail to complete 

accurate model specification.  

Although many researchers agree with Barrett’s fundamental points that an 

unfavourable χ
2
 test cannot be ignored, and that researchers should not treat index 

thresholds as ‘golden rules’ (Millsap, 2007), they suggest that he takes a very extreme 

position and that fit indices remain useful as relative measures of model fit (Markland, 

2007). For example, Miles and Shevlin (2007) demonstrate that changes in the reliability 

of scale items in a CFA can influence the accuracy of model-fit decisions made solely on 

the basis of the χ
2
 test, Steiger (2007) recommends the use of confidence intervals with fit 

indices so that poor fit can more easily be determined, Millsap (2007) suggests that 

researchers provide a priori levels of acceptable model fit pertinent to their specific study, 

and McIntosh (2007) advises researchers to conduct a detailed diagnosis of model 

misspecification when this is suggested by any of the methods used to assess model fit. 
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The current weight of opinion would therefore propose that reliance on a single 

indicator of model fit, whether that is the χ
2
 statistic or any other measure, is ill-advised, 

and that model-fit indices can complement the χ
2
 test providing that the limitations of each 

is understood (Mulaik, 2007). Markland (2007) suggests that as the most stringent criteria 

currently available, researchers should adopt the criteria suggested by Hu and Bentler 

(1999), and this was the position taken in this thesis. In addition, the results of each χ
2
 test 

were reported here, along with the associated degrees of freedom and p value, as currently 

recommended in the literature (Barrett, 2007; Hayduk, Cummings, Boadu, Pazderka-

Robinson, & Boulianne, 2007; Millsap, 2007). The result of each indicator was considered 

in each analysis and index thresholds are clearly exceeded indicating a pattern of adequate 

acceptance rather than reliance on a single value.  

Another area of debate regarding the assessment of SEM model fit is the use of 

modification indices (MI). Some researchers argue against their use and suggest that they 

are masking a model misspecification that needs to be specifically diagnosed (Gerbing & 

Anderson, 1984). Others recommend that researchers explore the correlation of error terms 

in SEM models, particularly when modelling survey data, as socially desirable responding 

to one item increases the likelihood of similar responding to others, albeit that correlating 

within-factor error is easier to justify than correlating errors across variables (Bagozzi & 

Yi, 2012). The combined use of MIs and information on the power of the MI test has also 

been suggested as a valid approach to testing model misspecifications (Saris, Satorra, & 

van der Veld, 2009). Within this context, it is still essential that all modifications make 

theoretical sense; they should not be carried out solely on the basis of a large MI value in 

SEM software output. Tomarken and Waller (2003) additionally recommend a second 

iteration of model development that allows for the removal of parameters that are no 

longer necessary to maintain model fit.  
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It should also be noted that amending models based on MIs shifts the modelling 

process from a confirmatory to an exploratory one. As a result, the chances of making a 

Type I error increase and the generalizability of the model to other samples decreases 

(Tomarken & Waller, 2003). Although such modifications can be instructive in terms of 

evaluating competing theoretical models (Kline, 2010), MacCallum and colleagues (1992) 

counsel that it is unwise to modify a model that initially demonstrates adequate fit, in the 

hope of achieving even better fit as the results may simply illustrate the specific 

characteristics of that particular sample. Ullman (2001) also suggests that model 

modifications are like eating salted peanuts: “One is never enough” (p. 750). It there 

therefore important that researchers identify a small a priori set of theoretically-driven 

modifications that are likely to have been tested as plausible models anyway (Tomarken & 

Waller, 2003). This approach was followed in Chapter 6 when determining the best 

location for MN and risk measures in Model E, and the subsequent removal of subjective 

norms in Model F to improve parsimony. These models demonstrated good fit across age 

groups and sample size was relatively large (N = 1011), which suggests that the models are 

reasonably robust, but it must be acknowledged that the exploratory nature of this process 

may limit its generalizability to other samples. It therefore important that these findings are 

replicated in future research.  

7.5  Strengths and limitations of this research 

The research undertaken as part of this thesis has several strengths. The first, and 

perhaps the most important, is the heterogeneous nature of the sample. Participants were 

drawn from a wide age range and they represented a variety of different categories of 

smoking status. The benefit of examining different age and smoking-status groups together 

is that it allows both age- and experience-related differences in the factors associated with 

smoking behaviour to be analysed together, while also identifying their separate influence. 

This in turn is important, as although age and smoking experience are undoubtedly related, 
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age should not be considered as a proxy for experience. For example, the examination of 

H-SCQ factor scores in Chapter 4 revealed that positive smoking expectancies were 

influenced by smoking experience more than by age. By contrast, a unique relationship 

was found between older adult weekly smokers who commenced smoking at a young age, 

and their stronger explicit endorsement of negative smoking-related expectancies. The 

replication of Study 1 findings using a larger and more diverse set of participants in Study 

3 also highlighted differences between daily and weekly smokers, experimental and 

regular smokers, and demonstrated that ex-smokers variously resembled smokers and non-

smokers depending upon the particular construct that was analysed.  

Additional strengths stem from the use of such diverse samples. As discussed in 

Chapters 2 and 4, more and more studies are investigating smoking measures in 

increasingly narrowly defined populations, which results in the development of evermore 

specific measurement items. While there are benefits to gaining a fine-grained 

understanding of the nuances of behaviour in these restricted samples, it remains important 

that research continues to look at behaviour across age-groups in an attempt to identify 

potential third variable influences that are developmental in nature and can subsequently 

be examined in longitudinal analyses. Measures are therefore required for use in 

heterogeneous populations. To the best of the author’s knowledge Studies 1 and 3 

represent the first examination of the SCQ scale in a diverse smoking status and age group, 

and their findings indicate that the H-SCQ is appropriate for use in such a sample. The 

replication of Study 1 findings using a larger and more diverse set of participants in Study 

3 also highlighted differences between daily and weekly smokers, experimental and 

regular smokers, and demonstrated that ex-smokers variously resembled smokers and non-

smokers based on the particular construct that was analysed.  

Furthermore, as outlined in Chapter 2, the suitability of various nicotine 

dependence measures in different populations continues to be debated. Despite widespread 
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use with smokers of different ages and experience levels (Nonnemaker & Homsi, 2007; 

Piper, et al., 2006), the use of the FTND (Heatherton, et al., 1991) in adolescent groups is 

still questioned (Carpenter, et al., 2010; Colby, et al., 2000; K. C. Wheeler, et al., 2004). 

Another strength of this research was that Study 1 demonstrated that the FTND was an 

appropriate measure for use in cross-age studies among diverse smoking populations. This 

is significant as the FTND is a short and very practical measure, and its use allows new 

research findings to be compared with those from a significant volume of pre-existing 

studies that have also used this measure. 

Other key strengths included: the measurement of the relative strength of positive 

and negative smoking expectancies; the use of previously validated smoking and general 

images in the implicit attentional bias tasks in Study 2; the use of previously validated 

multi-dimensional measures for recommended TPB constructs in Study 3; and the use of 

SEM in developing the extended-TPB model. SEM is ideally suited to examining 

phenomena where many of the underlying constructs are themselves related, and where 

each may be measured by a variety of indicators such as those used in the smoking survey 

in Study 3 (Byrne, 2009). SEM also has the ability to take measurement error, missing 

data, outliers, the combination of different data types, non-normally distributed variables, 

and heterogeneous samples into account so that complex models, with multiple mediating 

variables and both indirect and direct effects, can be assessed simultaneously. 

Furthermore, it allows observed and latent variables to be examined separately, which 

helps the researcher to isolate the influence of the latent factors from the relationships 

between the items that make up those factors.  

Some methodological limitations should be taken into account in the interpretation 

of these thesis findings. Specific limitations of each of the studies have been described in 

the chapters pertaining to those studies. Nevertheless, there are some general 

methodological issues that should be considered in the evaluation of their findings. Overall 
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sample sizes were adequate in Study 1 and moderately large in Study 3, but the relative 

sample size of the groups within each study varied considerably. In Study 1, for example, 

the non-smoking adolescent group was up to three times the size of each of the other 

groups. Study 3 had substantially more adolescent never-smokers than smokers, low 

numbers of weekly smokers, and relatively low volumes of adolescent and young adult ex-

smokers. It is possible that the unequal distribution of participants across age and smoking 

status groups may have influenced the results found, yet the overall pattern of smoking 

expectancy findings were similar across the two studies. Furthermore, the H-SCQ model 

and the two extended-TPB models performed well in each group. Gender was also 

unbalanced across the groups, so although few gender differences were found in these 

studies, it would be prudent to repeat this research in more gender-balanced groups.  

Overall sample size is likely to have had more of an impact in Study 2, and the a 

posteriori analyses of the LDT-primed group are likely to have been underpowered. 

Nevertheless, the different pattern of results found in the LDT-primed analysis, relative to 

that found in the unprimed task, warrants further investigation in a larger group. Moreover, 

the results highlighted the importance of reconsidering the nature of the LDT task used in 

this research. The objective had been to try to increase the ecological validity of the task 

by allowing the fact that the individual was taking part in a smoking-related study to 

trigger, or to prime, the concept of smoking in their memory. While this does not appear to 

have had any influence on lexical decision speed, completing the LDT task following two 

other implicit tasks that included positive and negative smoking-related images does seem 

to have had some effect. These results require further exploration and it would also be 

interesting to compare them with a LDT that primes the trials themselves. This latter task 

would be similar to that used in the alcohol-related research discussed in Chapter 3, albeit 

that these triggers are more contrived than is likely outside a laboratory situation. 



280 

 

An important limitation that may have affected results is the use of self-report 

measures. Data pertaining to explicit smoking expectancies, smoking behaviour, and the 

survey items in Study 3 were all collected in this way. Although self-report measures are 

widely used, and they have generally been found to be reliable (Dolcini, et al., 1996; 

Patrick, et al., 1994), it is possible that social desirability may have led to biased 

responding. In an attempt to reduce this bias, it was clearly explained to all participants 

that data was being collected anonymously. They could also see that there was no link 

between their responses and any identifying information. Although adolescents were tested 

in school or youth-group premises, teaching staff were not involved in the administration 

of the tasks in any way. The students also placed all pen-and-paper responses in a sealed 

envelope which, they were assured, would only be opened on its return to Trinity College. 

From the perspective of adult participants, the use of an online survey in Study 3 should 

also have helped to reduce this bias as it has been shown that self-disclosure typically 

increases, and social desirability decreases, in online studies (Booth-Kewley, Larson, & 

Miyoshi, 2007; Dwight & Feigelson, 2000; Joinson, 1999). These measures should have 

helped to minimise socially desirable responding, but its presence cannot be totally ruled 

out. 

Another important limitation is the cross-sectional nature of this research. Although 

potential antecedents of smoking behaviour can be suggested by the findings of this thesis, 

causation cannot be inferred. For example, this study cannot explain whether the smoking 

attitudes, FCE effects, or relative risk perceptions are antecedents or consequences of an 

individual’s current smoking status. Prediction of prospective smoking behaviour will only 

be possible if the extended-TPB models are used in conjunction with a longitudinal 

analysis of smoking behaviour. Finally, smokers’ dependence scores are consistent across 

the studies which facilitated comparison of findings between the samples, but they were 

quite low which potentially limits the generalisability of the results to more heavily 
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dependent groups. It is possible that smokers with higher levels of nicotine dependence 

may differ in the balance between the implicit and explicit influences on their smoking 

behaviour.  

7.6  Recommendations for future research 

A number of theoretical and methodological issues have been identified as a result 

of these studies that require further research. Firstly, it remains unclear whether it is age or 

experience alone, or some combination of the two, which drives the changes seen in the 

relative balance of positive and negative smoking expectancies across the groups. For 

example, it may be that dependence influences the rate at which expectancies become 

more negative with age, or it could be that age and dependence independently produce 

changes to smoking-related cognitions. It would be important for future studies to consider 

how differing levels of cigarette use and nicotine dependence influence the explicit 

endorsement and implicit generation of smoking expectancies. It would also be of benefit 

for longitudinal research to track the development and change of these smoking-related 

associations over time. If it were possible to identify the key factors underlying this shift in 

smoking expectancies, these elements could be incorporated into age- or experience-

appropriate smoking prevention and treatment programmes.   

The Study 2 findings suggest that it would be constructive to continue to examine 

smoking status and age-related implicit cognitive reactions to the positive and negative 

affective properties of smoking-related cues. In particular, it would be important to 

replicate and explain the difference in the modified-Stroop results found in the adolescent 

group, relative to both adult groups. It would also be valuable to determine why the visual 

dot-probe task found an attentional bias to smoking-positive images in adolescent non-

smokers, yet no Stroop effect was found for this image category. If this positivity bias can 

be reliably replicated, it may form the basis of identifying those adolescents who are most 

at risk for smoking initiation.  This study would also suggest a more thorough 
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investigation of the affective properties of smoking-related words, an examination of the 

influence of priming on the LDT task, and further investigation of the precise nature of the 

attentional processes measured by the modified-Stroop task and the visual dot-probe task 

at different durations of stimulus presentation.  

Although the utility of the H-SCQ measure was demonstrated across two 

participant groups in Studies 1 and 3, it would be important to validate this measure in 

groups with varied levels of nicotine dependence. There is also a need to establish more 

robust psychometric properties for the health risk and the addiction risk subscales in this 

measure. In addition, it appeared that the combination of the ease with which an individual 

quit smoking and the length of time since cessation, influenced the smoking expectancies 

held by ex-smokers in Study 3. As the number of ex-smokers was limited in that sample, it 

would be instructive to examine expectancies within this group in more detail. The results 

may illustrate associations that smokers have with quitting that could undermine cessation 

attempts. 

Finally, having identified smoking-related constructs that can be used within a TPB 

framework to improve explanation of smoking intentions and current smoking behaviour, 

future research is required to examine the effects of these constructs on prospective 

behaviour. This will allow causal relationships between the model variables to be 

established. Despite the fact that self-identity as a smoker did not significantly improve 

either model, the positive association found between self-identity and relative risk warrants 

further investigation from a theoretical perspective, particularly in terms of understanding 

how these perceptions influence older adult smoking; as does the finding that risk 

perceptions influence smoking behaviour both directly and indirectly through their 

influence on perceived behavioural control. They therefore represent a clear influence on 

current smoking behaviour that is not mediated by current smoking intentions, which may 

help explain the weaker intention-behaviour relationship found in many addiction studies. 
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7.7  Conclusion 

The aim of this thesis was to examine the role that cognitive biases play in the 

development and maintenance of smoking-related addiction. These research studies have 

demonstrated the influence that implicit memory associations, automatic attentional bias, a 

false consensus effect for peer smoking prevalence, and relative risk bias have on smoking 

intentions and current smoking behaviour. In doing so, they illustrate the importance of 

investigating implicit processes in an attempt to understand the spontaneous nature of 

much smoking-related behaviour, and they establish the need to jointly consider smoking 

status and age when examining this behaviour. Utilising implicit measures of smoking-

related constructs in combined adult and adolescent samples is rare, so the results of this 

thesis both add to our knowledge of cognitive bias within the field of smoking-related 

addiction, and also specifically extend the limited amount of information available on how 

these biases change with age.  

Worldwide smoking rates remain high. By the year 2020, direct and indirect 

exposure to smoking is expected to account for 10% of worldwide deaths (WHO, 2011). 

The economic costs of smoking are €100 billion in the EU region alone (European 

Commission, 2012), while the social costs to family, friends, and wider communities are 

extensive. Given the automatic nature of at least some of the processes known to be 

involved in smoking, and the inherent difficulties trying to change these processes, 

analysing the implicit and explicit cognitive factors associated with smoking in a 

combined theoretical framework may help to predict initiation and relapse, and to provide 

new insights into the prevention, and treatment of smoking-related addiction. Although 

initially focusing on smoking behaviour, these research findings could potentially 

generalise to other addictions and to other risky behaviours commonly initiated in 

adolescence.  
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Appendix 2: Consent Forms, and Debrief Sheets for Studies 1 and 2 

2.1  School Consent Form 
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2.2  Parental Consent Form 
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2.3  Adolescent Consent Form 
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2.4  Adult Consent Form 
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2.6  Debriefing Sheet (Study 1) 
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2.7  Debriefing Sheet (Study 2) 
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Appendix 3: Revised-SCQ Measure used in Study 1 
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Appendix 4: Images used in the Modified-Stroop Task (Study 2) 

# Smoking Positive  IAPS General Positive 

70 

 

 232 

 

 

 
21 

 

 632 

 

 

 
13 

 

 659 

 

 

 
99 

 

 213 

 

 

 
76 

 

 381 

 

 

 
119 

 

 727 

 

 

 
103 

 

 094 
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# Smoking Negative  IAPS General Negative 

202 

 

(HW) 

 

 330 

 

 

 
68 

 

 911 

 

 

 
85 

 

 110 

 

 

 
84 

 

 912 

 

 

 
91 

 

 289 

 

 

 
11 

 

 874 

 

 

 
73 

 

 194 

 

 

 
           Note. HW, Health warning image 
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IAPS Neutral  # Practise 

606 

 

 90 

 
183 

 

 123 

 
634 

 

 IAPS 

512 

 
630 

 

 IAPS 

228 

 
621 

 

   

669 

 

   

127 
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            An example of a stimulus presentation in each of the four border colours 
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Appendix 5: Image Pairs used in the Visual Dot-probe Task (Study 2) 

# Smoking Positive  IAPS General Positive 

72 

 

 222 

 

 
58 

 

 683 

 

 

 
78 

 

 091 

 

 

 
116 

 

 622 

 

 

 
     

# Smoking Positive  IAPS Neutral 

14 

 

 637 

 

 

 
54 

 

 198 

 
39 

 

 134 

 

 

 
102 

 

 607 
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   # Smoking Negative  IAPS General Negative 

203 

 

(HW) 

 

 918 

 

 

 
129 

 

 897 

 

 

 
86 

 

 258 

 

 

 
88 

 

 876 

 

 

 
     

   # Smoking Negative  IAPS Neutral 

204 

 

  

 

 

 
205 

 

 097 

 

 

 
81 

 

 766 

 

 

 
80 

 

 219 

 
           Note. HW, Health warning image 
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IAPS General Positive  IAPS Neutral 

627 

 

 

 

 177 

 
464 

 

 511 

 
797 

 

 

 

 133 

 
090 

 

 

 

 608 

 
     

IAPS General Negative  IAPS Neutral 

828 

 

 

 489 

 

 

 
100 

 

 119 

 

 
836 

 

 

 

 197 

 
839 

 

 

 556 
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Appendix 6: Ethical Approval for Study 3 
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Appendix 7: Consent Forms and Debrief Sheet for Study 3 

7.1  Group Information Sheet 
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7.2  Group Consent Form 
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7.3  Parental Consent Form 
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7.4  Participant Consent Form 
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7.5  Debriefing Sheet 
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Appendix 8: An Example of a Paper Survey used in Study 3 
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