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Abstract 

The study develops a novel method to measure System 1 (fast, cue-based, thought-light) smoking 

frequency as an outcome measure to overcome the limitations of existing measures. It also 

examines its relationship to System 2 (slow, deliberative) measures. 116 participants met in two 

sessions set at 48 hours apart. System 2 measure of smoking frequency was measured via self-

reported 24-hour smoking frequency. System 1 smoking frequency was measured by observing the 

number of cigarettes participants carried and asking about the number of cigarette packs consumed 

between the two sessions. System 2 measure of smoking frequency underestimated System 1 

smoking frequency by 47.4%. Results also revealed that System 1 smoking attitudes only predicted 

the newly developed System 1 smoking frequency significantly, while System 2 smoking attitudes 

predicted only System 2 smoking frequency significantly. Hence, interventions that modify explicit 

attitudes (System 2) might have a limited impact on observed (System 1) smoking behaviours.  

 

  



Dual Process Theory and Smoking: Evidence for independent System 1-2 pathways in predicting 

smoking frequency 

Smoking frequency has a dose-dependent effect on mortality risk (Thun et al., 2013). Hence, 

the examination of smoking frequency is important. Dual process theory postulates that two 

pathways contribute to behavioural outcomes: System 1, which is faster and ‘thought-light’, while 

System 2 is slower and deliberative (Hagger, 2016). This study describes the development of a 

System 1 outcome measurement of smoking frequency and examines its relationship with System 2 

measures. The differentiation between System 1 and 2 measurements of smoking frequency has 

important implications for research and behavioural change interventions (Stacy and Wiers, 2010).  

Evans (2008) articulated the differences between System 1 and 2 measures in four clusters – 

Consciousness, Evolution, Functional Characteristics, and Individual Differences. Under the 

Consciousness cluster, System 1 measures tend to have one or more properties:  low awareness, 

implicit, low effort, and fast processing (Van Gestel et al., 2021). In contrast, System 2 measures 

have the contrasting properties of high awareness, explicit, high effort and slow processing. An 

example of a System 1 measure that encapsulates low deliberative mental effort in this cluster 

would involve using computer software on mobile phones to scan and process people’s grocery 

checkout receipts for a week, and have the computer software compute their weekly healthy food 

purchases. In contrast, a System 2 version that involves high deliberative mental effort would 

require people, instead of software, to engage in mental arithmetic and memory recall by asking 

them how many times they have purchased a sample of healthy foods over the week. In this 

example, the System 1 measure only requires people to remember to scan their receipts using their 

mobile phones. In contrast, the System 2 measure requires people to exert greater mental effort in 

mental arithmetic and memory recall (i.e., recall, identification, tallying, and averaging for a week’s 

data for the purchasing behaviour of specific items). 



The existing System 1 measures for smoking frequency are mainly measured using biological 

markers. Biological measures do not involve high mental effort in memory recall or arithmetic and 

rely on medical technology to translate biological data to estimate smoking frequency. Hence, they 

are a System 1 measure of smoking frequency. However, these biological measures of smoking 

frequency have several limitations. Biological assessment’s half-life (i.e., 16-20 hours) does not have 

a high discriminant value for high smoking frequency (Gorber et al., 2009). Biological data processing 

might also involve costly specialised equipment (e.g., McKee et al., 2011). Breath analysers that 

measure carbon monoxide during exhalation might also require participants to be able to hold their 

breath, which might be difficult for people with chronic obstructive pulmonary disease, a health risk 

among people who smoke (Adeloye et al., 2022). In addition, biological measures differentiate 

smoking status better than smoking frequency (Rubinstein et al., 2007). This is because biological 

measures do not translate well into the same metric used in self-reported measures of smoking 

frequency (e.g., daily cigarettes consumed). For instance, carbon monoxide (CO) breath analysers 

report CO data in parts per million units rather than daily cigarettes consumed. Hence, concluding 

the accuracy of self-reported smoking frequency is difficult compared to biological measures when 

both methods' metric scales differ.  

To assess the validity of the newly developed System 1 measure of smoking frequency in this 

study, existing System 1 and 2 measures of smoking attitudes as predictors were used. Most 

research has found that attitudes towards smoking, such as the perceived benefits and harms of 

smoking, are a significant factor in predicting smoking behaviours (Heris et al., 2020). Research on 

differentiating System 1 and 2 measures for attitude towards smoking has involved behavioural 

response times via the Implicit Association Test (IAT) as System 1 and self-reported smoking 

attitudes as System 2 measures (see Greenwald and Lai, 2020 for a review). This System 1-2 

operationalisation capitalises on response speed differences, where participants’ responses to IAT 

are faster (three to one second) than the more deliberate responses to self-reported smoking 

attitude questionnaires. A meta-analysis by Hofman et al. (2005) reported that the corrected 



population correlation between System 1 and 2 measures was .24, indicating that these measures 

assess different aspects of attitudes. There is also evidence for the incremental predictive validity of 

these System 1 and 2 measures (Kurdi et al., 2019). However, most research does not differentiate 

System 1 and 2 outcomes and hence, did not examine the System 1  to System 1 predictor-outcome 

relationship but instead, examined a System 1 to 2 predictor-outcome relationship. For instance, a 

System 1 reaction time measure might be used to predict self-reported (System 2) behaviour 

(Meissner et al., 2019). The study reported here attempts to address this gap by developing a new 

System 1 outcome measure for smoking frequency. 

 The System 1 outcome measure of smoking frequency developed in this study requires less 

deliberative mental effort and is more implicit than the System 2 measure. Specifically, the System 1 

measure of smoking frequency asks participants to recall the number of additional cigarette packs 

consumed over the last 48 hours rather than the number of cigarette sticks consumed. For most 

smokers in the UK, the number of cigarette packs consumed typically ranged from one to two packs  

over two days (Jackson et al., 2025), a number that is easy to recall accurately. This recall is an 

indirect (implicit) way to compute each participant's daily cigarette consumption (Greenwald and 

Lai, 2020). On the other hand, the System 2 measure of smoking frequency in our study requires 

participants to recall every cigarette stick smoked over 48 hours and then mentally average this to 

derive and report the daily average of cigarette sticks smoked in the same period. This measure 

requires more deliberative mental effort than the System 1 measure, and is more transparent (i.e., 

explicit) in its data collection. Current System 2 measures of smoking frequency utilise this form of 

explicit self-reported data, where participants are asked to report their total or average cigarettes 

smoked over a specified period, ranging from days, as done in this study, to a participant's lifetime 

(e.g., Volk et al., 2020). 

Differentiating Systems 1 and 2 pathways for smoking behaviours has important implications 

for dual process theory and designing behavioural change interventions (Stacy and Wiers, 2010). An 



implication for the effectiveness of interventions in changing smoking behaviours is the crossover of 

System 1-2 pathways between the intervention strategy and its outcome. Specifically, a system 

crossover occurs when a System 2 intervention that focuses on changing smokers' understanding of 

the health risks of smoking (i.e., an intervention that involves high deliberative mental effort) is 

aimed at influencing a System 1 (low deliberative mental effort) smoking behaviour outcome. If 

System 1 and 2 pathways are independent, such system crossovers in smoking cessation strategy 

might be less effective than using a System 1 intervention (behavioural nudge) to change System 1 

smoking behaviours (Marteau et al., 2012). 

Currently, there is a lack of research evidence testing the unique System 1 and 2 pathways 

predicting smoking frequency. However, a meta-analysis on intergroup behaviour found that System 

1 measures have incremental predictive validity over System 2 measures, which provided evidence 

of the independence of these two Systems (Kurdi et al., 2019). This is consistent with research that 

reported observed smoking behaviours sometimes misestimate self-reported smoking behaviours by 

10% to 30% (Why et al., 2021). In addition, a meta-analysis found that when compared to biological 

measures, self-reported smoking status can underestimate smoking status by 25%, with the 

underestimation as high as 45% for studies of better quality (Gorber et al., 2009).  

One obstacle to examining this underestimation of smoking frequency is the lack of a System 

1 measure that uses the same metric scale (i.e., number of cigarettes smoked per day rather than 

carbon monoxide in one’s breath measured in parts per million). This study contributes to the 

existing research by developing an accessible method of measuring System 1 smoking frequency as 

an outcome. In addition, it uses existing System 1-2 measures of smoking attitudes (IAT and self-

reported questionnaire) to predict System 1-2 outcome measures of smoking frequency to test the 

independence of System 1-2 pathways. That is, whether the System 1 predictor only predicts System 

1 outcome and similarly for the System 2 predictor and outcome. 

Method 



Participants 

Posters were placed in various locations on a UK university campus to recruit unpaid 

volunteers. Participant requirements were that they had to smoke cigarette sticks daily (i.e., at least 

one stick daily) and could come to our experimental room located on the same university campus 

twice over two days. One hundred sixteen participants were recruited. The average age was 23.49 

years (SD = 6.08). Sixty-nine (59.5%) participants were women. Data was missing for four 

participants due to software malfunction for the IAT task. Hence, data from 112 were analysed. We 

sampled only participants who smoked cigarette sticks for two reasons. Firstly, the System 1 

assessment of smoking frequency developed in this study required a standardisation of tobacco 

products used between participants. Secondly, it is the most prevalent tobacco product consumed 

worldwide (WHO, 2023). This study has been approved by the Institutional Review Board. 

Measures  

System 1 and 2 measures of smoking attitudes are used as predictors to assess the validity of 

our newly developed System 1 smoking frequency as an outcome variable. System 2 measure of 

smoking attitude was measured using the brief Questionnaire of Smoking Urges, QSU Brief, which 

measures smoking urges as two factors – Smoking as Reward and Smoking as Relief (Cox et al., 

2001). The QSU Brief is a valid measure of participants’ motivation to smoke, as smokers who were 

experimentally abstained from smoking for 24 hours reported significantly higher urges to smoke in 

this questionnaire (West and Ussher, 2010). In this sample, the two subscales were combined 

because they were highly correlated, r(115) = .70, p < .001. The mean (SD) QSU Brief score was 29.98 

(17.84). Internal consistency of the QSU Brief was excellent, Cronbach’s α = .94. The Implicit 

Association test was the System 1 measure of smoking attitude (Swanson et al., 2001). The mean 

(SD) IAT score for smoking in this sample was 0.017 (0.59). D, the measure derived from this IAT task, 

was computed using two blocks of response trials. The Ds derived from each block were correlated 

to estimate the IAT’s internal consistency, which was good: r(110) = .86, p < .001. QSU-Brief and IAT 



Smoking were negatively correlated, r(110) = -.28, p = .003 (see raw data in Supplementary 

Material).  

 System 2 measure of smoking frequency was measured via self-report by asking each 

participant about their daily consumption of cigarettes for the last two days. The average (SD) daily 

cigarette consumption in this sample was 4.41 cigarettes/day (4.03). A System 1 measure of smoking 

frequency was done by observing the number of cigarettes participants carried in two sessions 

separated by 48 hours. In the second session, participants were asked whether any additional packs 

were consumed and not seen by the researcher. These observations and questions enabled the 

estimation of daily cigarette consumption for each participant. For example, if a participant was 

observed to have six cigarettes in session 1, was observed to have 10 cigarettes in a 12 cigarette 

pack in session 2, and had reported consuming another pack of 12 cigarettes not observed by the 

researcher between both sessions, the 24hr smoking frequency for this participant would be 

estimated by [6 + 12 + (12-10)]/2 = 20/2 = 10 cigarettes/24hr. Participants were told not to share 

their cigarettes with anyone between these two sessions. The average (SD) System 1 smoking 

frequency was 8.39 cigarettes/day (4.84), 47.4% over that derived from the System 2 measure of 

smoking frequency. The correlation between System 1 and 2 measures of smoking frequency was 

r(115) = .29, p = .002.Procedure  

Participants were met twice, with the second session occurring 48 hours after the first 

session. Informed consent was obtained from all participants in the first session, and this study has 

acquired the relevant institutional ethical approval. All self-reported and attitude assessments were 

done in the first session, while the System 1 measurement of smoking frequency was done in 

sessions 1 and 2. At the end of session 2, participants were debriefed. 

Results 

The significance level was set at .05. MANCOVA in SPSS (version 29, IBM) was used. Gender 

and age were entered as covariates. System 1 (i.e., IAT) and 2 (i.e., QSU) measures of smoking 



attitudes were entered as predictors for two outcome measures: System 1 and System 2 measures 

of smoking frequency. If the multivariate result was statistically significant, the univariate result was 

examined.  

For the covariates, the multivariate result for Age was significant, Wilks’ Λ = .84, F(2, 106) = 

9.84, p < .001, partial η2 = .16. Examination of its univariate results indicates that Age was a 

significant predictor for both System 1, F(1, 107) = 13.50, p < .001, partial η2 = .11, B = 0.27, and 

System 2, F(1, 107) = 9.91, p = .002, partial η2 = .085, B = 0.20, smoking frequency measures. Gender 

was non-significant, Wilks’ Λ = .998, F(2, 106) = 0.91, p = .91, partial η2 = .002.  

The multivariate result for System 1 measure of smoking attitude, IAT, was significant, Wilks’ 

Λ = .94, F(2, 106) = 3.34, p = .039, partial η2 = .059. The univariate results indicated that IAT predicted 

the System 1 measure of smoking frequency, F(1, 107) = 5.01, p = .027, partial η2 = .045, B = 1.72, but 

not for the System 2 measure, F(1, 107) = 2.88, p = .09, partial η2 = .026, B = 1.12. The multivariate 

result for System 2 measure of smoking attitude, QSU, was also significant, Wilks’ Λ = .93, F(2, 106) = 

3.98, p = .02, partial η2 = .07. The univariate results indicated that QSU predicted System 2 measure 

of smoking frequency, F(1, 107) = 7.97, p = .006, partial η2 = .069, B = 0.061, but not for our System 1 

measure, F(1, 107) = 0.55, p = .46, partial η2 = .005, B = 0.019.  

     Discussion 

The results support the Dual Process theory for two independent System 1 and 2 pathways 

predicting smoking frequency. In addition, System 1 and 2 measures were weakly correlated. The 

newly developed System 1 smoking frequency measure revealed an underestimation of self-

reported smoking close to the upper boundary reported in Gober et al.’s (2009) meta-analysis for 

smoking status (i.e., 45%). However, it is important to point out that Gober et al.'s (2009) meta-

analysis was on smoking status rather than smoking frequency. As reviewed earlier, biological 

measures of tobacco use do not translate into per cigarette consumed metric (i.e., self-reported 

smoking frequency). The System 1 formulation of smoking frequency in this study permits using the 



same metric (i.e., daily cigarettes consumed) to compare with System 2 (self-reported) smoking 

frequency. 

While Rooke et al. (2008) examined System 1 predictors of substance use, they did not 

differentiate System 1 or 2 outcome measures of substance use. Three of our four variables in the 

current study are typical operationalisations of System 1 and 2 variables: IAT, QSU, and self-reported 

smoking frequency. With the development of a new System 1 outcome measure of smoking 

frequency, evidence was found for only the IAT (System 1) and not the QSU (System 2), predicting 

this outcome. A recent study also reported this lack of crossover of System 1-2 pathways: Tibboel et 

al. (2024) found that self-reported smoking attitude (System 2) predicted self-reported smoking 

frequency (System 2), but behavioural reaction time measures of smoking attitude (System 1) did 

not predict their System 2 outcome variable. This System 1-2 independence also provided 

convergent and discriminant validity of the new System 1 measure of smoking frequency detailed in 

this study; That is, System 1 (IAT) smoking attitude predicts only the new System 1 smoking 

frequency, while System 2 (QSU) smoking attitudes predict only System 2 (self-reported) smoking 

frequency.  

Using a behavioural reaction time task, Motschman and Tiffany (2016) found that regular 

smokers use less deliberative mental processes for their smoking behaviours compared to occasional 

smokers. This suggests that System 1 processes maintain smoking behaviours among regular 

smokers. If these two systems have independent pathways, it might explain why interventions that 

modify explicit attitudes (System 2) might have limited impact on observed (System 1) smoking 

behaviours. That is, an intervention strategy that involves a system crossover might be less effective 

than an intervention strategy that involves only one system. Many behavioural change interventions 

tend to involve such a system crossover, and this might explain their low success rates for 

behavioural change (Marteau et al., 2012): A recent systematic review found that only nine 

interventions of the 32 studies reviewed were effective in smoking reduction or cessation among 



U.S. young adults (Villanti et al., 2020). Hence, System 1 interventions, such as implicit primes and 

nudges, might be more effective in changing regular smoking behaviours maintained by System 1 

processes.  

While the results in this study showed that System 1 and 2 predictors predict the outcome 

variable within the same System, researchers do not uniformly agree that this is convincing evidence 

for dual process theory (see Evans and Stanovich, 2013 for an overview of this debate). A rule-based 

single-process theory can also explain the results. For example, a single rule-based cognitive system 

could be stated as: if the goal is to predict a System 1 outcome, then a System 1 predictor will be 

used, else System 2 variables will be used (i.e., if ‘a’, then use ‘b’, else use ‘c’). This is an actively 

debated issue that some researchers have pointed out might not be constructive; among other 

things, its resolution, even if possible, might have little impact on applied research (De Neys, 2021). 

This study has a few limitations. Firstly, the test-retest of the new method of measuring 

System 1 smoking behaviours was not investigated. Secondly, the time-lapse for observed smoking 

behaviours was set at 48 hours. An examination of the predictive validity of this measure and/or its 

relationship with System 2 measures could be investigated if the time lapse was greater than 48 

hours. Results from this study reveal that System 1 processes have low correlations with System 2 

processes, and there are independent pathways influencing different measures of smoking 

behaviours. Overall, the novel System 1 measurement of smoking frequency developed in this study 

shows good potential as a research tool: it is valid, cost-effective, easy to implement, and could 

supplement existing smoking frequency assessments.  
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