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ANALYSIS PLAN 

The impact of e-cigarette retail displays on smoking 
susceptibility in children: an experimental study 

 
Anna KM Blackwell, Mark Pilling, Katie De-loyde, Laura A Brocklebank, 

Theresa M Marteau, Marcus R Munafò 
 

Study design 

This study will use a 2 x 2 between-subjects design, with two factors: i. E-cigarette retail 
display visibility (high vs low), and ii. Proportion of e-cigarette images (75% vs 25%). 

Participants will be randomised to one of four groups outlined below, each shown one of four 
image sets comprising 12 images of retail displays, including either e-cigarettes or unrelated 
(control) products such as stationery. E-cigarette images will be based on a recent 
naturalistic observational study of e-cigarette displays in England (Brocklebank et al., 2019). 

Group 1: 9 images of high visibility e-cigarette displays; 3 images of control products  

Group 2: 3 images of high visibility e-cigarette displays; 9 images of control products  

Group 3: 9 images of low visibility e-cigarette displays; 3 images of control products 

Group 4: 3 images of low visibility e-cigarette displays; 9 images of control products 

Hypotheses 

Primary hypothesis 

Children’s susceptibility to tobacco smoking is increased by exposure to higher visibility e-

cigarette retail displays.  

Secondary hypothesis 

Children’s susceptibility to tobacco smoking is increased by exposure to a higher proportion 

of e-cigarettes. 

Tertiary hypothesis 

There is an interaction between exposure to higher visibility e-cigarette retail displays and 

higher proportions of e-cigarettes: children’s susceptibility to tobacco smoking is greatest 

when exposed to higher visibility displays with higher proportions of e-cigarettes, and lowest 

when exposed to lower visibility displays with lower proportions of e-cigarettes.  
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Study objective 

The primary objective of this study is to estimate the impact of exposure to e-cigarette retail 

displays on smoking susceptibility in children (aged 13-17 years) in the UK. 

The secondary objectives are to estimate the impact of exposing UK to e-cigarette retail 

displays on: 

i. vaping susceptibility  

ii. perceived harm of tobacco smoking and vaping 

Sample size determination 

The measure of smoking susceptibility (Pierce, 1996) has been shown to reliably predict 

future smoking behaviour: susceptible never smokers are twice as likely to become 

established smokers compared to non-susceptible never smokers (OR 2.1, 95% CIs 1.6, 

2.7) (Choi, Gilpin, Farkas, & Pierce, 2001). This measure is commonly used in studies 

investigating the youth impact of tobacco and e-cigarette marketing (MacKintosh et al., 2011; 

Martino, Setodji, Dunbar, & Shadel, 2019; Pasch et al., 2017; Paynter, Edwards, Schluter, & 

McDuff, 2009; Spanopoulos, Britton, McNeill, Ratschen, & Szatkowski, 2014; Vasiljevic et 

al., 2018). In Vasiljevic et al. (2018), 37.9% of children in the control group were susceptible. 

A pragmatic approach to sampling will be adopted for the present study to generate the most 

precise effect size estimate of exposure to e-cigarette retail displays within available 

resources, i.e., recruitment of children via their parent’s membership of a research agency 

panel (n=1,000 including all smoking and vaping experiences). 

For our primary outcome of smoking susceptibility, a sample size of 187 per group will 

provide us with 80% power for a logistic regression to detect an effect size of OR 1.8 or 

larger (i.e., between 38% and 52%, a 14% change) using a 2-sided test of a 2-group factor 

at an alpha level of 5%, for example. Therefore, a 2x2 design will require a sample size of 

748 (assuming approximately 25% of the 1,000 sample are excluded due to previous 

smoking) and will be able to estimate parameters with sufficient accuracy for planning future 

studies. 

Outcomes 

Primary outcome 
Susceptibility to tobacco smoking assessed using a three-item measure: 
(includes only those participants that have never smoked) 
 

i. "Do you think that you will try a cigarette soon?" (yes = 1, no = 0)  

ii. "If one of your best friends were to offer you a cigarette, would you smoke it?" 

(definitely not = 0, probably not = 1, probably yes = 1, definitely yes = 1) 

iii. "Do you think you will be smoking cigarettes 1 year from now?" (definitely not = 0, 

probably not = 1, probably yes = 1, definitely yes = 1)  

 
The total combined score of these three items will be 0 to 3, and the data will be analysed 
categorically as: not susceptible = 0 total, susceptible = ≥1 total.  
 

Secondary outcomes 
1. Susceptibility to using e-cigarettes using a three-item measure: 

(includes only those participants that have never used e-cigarettes) 
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i. "Do you think that you will try an e-cigarette (vape) soon?" (yes = 1, no = 0)  

ii. "If one of your best friends were to offer you an e-cigarette (vape), would you use 

it?" (definitely not = 0, probably not = 1, probably yes = 1, definitely yes = 1) 

iii. "Do you think you will be using e-cigarettes (vaping) 1 year from now?" (definitely 

not = 0, probably not = 1, probably yes = 1, definitely yes = 1)  

 

The total combined score of these three items will be 0 to 3, and the data will be analysed 
categorically as: not susceptible = 0 total, susceptible = ≥1 total.  
 

2. Perceptions of tobacco smoking and e-cigarette harm: 

(includes all participants) 

 

i. “How dangerous do you think it is to smoke one or two cigarettes occasionally?” 

(rated on a five-point scale, 1=not very dangerous to 5=very 

dangerous)(Vasiljevic et al., 2018; Wakefield, Germain, Durkin, & Henriksen, 

2006) 

This question will be analysed on a 1 to 5 scale, and repeated for e-cigarettes (vaping). 
 

Additional measures 

• Smoking experimentation (also adapted for vaping/e-cigarettes): "Have you ever 

smoked a cigarette?" and "Have you ever tried or experimented with cigarette 

smoking, even a few puffs?" (2 x negative = never smoker). “Have you smoked 100 

cigarettes?” (additional questions if ≥1 positive response) (Pierce, 1996) 

• “How often do you visit: a. the supermarket (e.g., Tesco, Asda or Sainsbury’s); b. a 
convenience store (e.g., Spar, McColl’s, Costcutter, or other local corner 
shop/newsagent)?” (never, less than once a month, a few times a month, once a 
week, a few times a week, most days of the week, every day of the week); adapted 
from Edwards, Ajmal, Healey and Hoek (2017) 

• Due to Covid-19, students will also be asked: “Has this changed because of Covid-
19?" (Yes, I visit [supermarkets/convenience stores] less than I did before Covid-19; 
Yes, I visit [supermarkets/convenience stores] more than I did before Covid-19; No, I 
visit [supermarkets/convenience stores] the same number of times as I did before 
Covid-19) 

• Filler questions 

• Demographics 

• Recall questions 

Outliers 

Outliers should not exist because of the nature of the outcomes.  

Missing data 

Data that are not applicable will be coded as -888. Data that are missing due to an 
administrative or other error will be coded as -999. 
 

Missing data checks 
If an excessive amount of missing data (>10%) is identified for any outcome variable, the 
research team will be notified so that checks can be made. If there is a sufficient amount of 
missing data for a variable, then it will be considered for exclusion. 
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We anticipate that all outcomes will be complete.  

Violations of normality 

If there is any indication of a strong departure from Normality for the residual plots for the 
continuous outcome models (perceptions of smoking and vaping harm), a p-value and 95% 
confidence interval (CI) will be calculated using the bootstrap method with bias correction.  

Descriptive statistics 

A CONSORT flow chart will be constructed to show the numbers of participants assessed for 
eligibility, recruited, randomised, completed and analysed. 
 
All raw outcome data and appropriate additional measures will be reported in tables between 
the 4 study groups. Percentages will be reported for categorical variables, and the mean, 
median and standard deviation for continuous variables. 

Outcome analysis 

All analysis will be done in IBM SPSS version 24 or similar. Analysis will be coded in syntax 
and this will be added in a repository after the analysis is complete. 
 

Interactions for all models 
All initial models listed below will include the two main effects of e-cigarette retail display 

visibility (high or low) and proportion of e-cigarette images (75% or 25%) and the 2-way 

interaction term between them. Unless the interaction term attains evidence of a high degree 

of statistical significance (p < 0.01), it will be dropped in favour of a single model which 

includes only the two main effects. 

If there is clear evidence of a 2-way interaction in any of the models (p < 0.01), we will use 

the model, including the main effects and interaction term, to explore the effect of e-cigarette 

visibility on proportion of e-cigarette images using interaction plots. A p-value will be reported 

for the interaction term in each model. 

Primary objective 
For the primary outcome, a logistic regression model will be used to assess the odds of a 

child being susceptible to smoking (smoking susceptibility total score ≥1), compared to being 

not susceptible to smoking (smoking susceptibility total score = 0). 

The model will use a 2 x 2 design, therefore there will be two independent fixed factors of e-

cigarette retail display visibility and proportion of e-cigarette images.  

The two main effects of e-cigarette retail display visibility (using low as the reference 

category) and proportion of e-cigarette image (using 25% as the reference category) will be 

reported as an odds ratio (OR) with 95% CI, along with an associated p-value. However, if 

the logistic regression diagnostics show the model is only predicting one outcome this 

analysis will be replaced with a chi-squared test. 

This analysis will meet the primary objective.  

Secondary objectives 
i. Vaping susceptibility  

The primary objective analysis described above will be repeated using secondary outcome 1 

(e-cigarette susceptibility) as the dependent variable.  
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This analysis will meet secondary objective i.  

ii. Perceived harm of tobacco smoking and vaping 

Two GLMs (general linear model) will be used to assess differences in the perception of 

harm of tobacco smoking score and perception of harm of vaping score. 

Each model will use a 2 x 2 design, therefore there will be two independent fixed factors of 

e-cigarette retail display visibility and proportion of e-cigarette images.  

The two main effects of e-cigarette retail display visibility (using low as the reference 

category) and proportion of e-cigarette image (using 25% as the reference category) will be 

reported as a difference in means, against the reference group, with 95% CIs, test statistic 

and p-values. An effect size (Cohen d) will also be calculated. 

This will meet objective ii. 

Additionally, for these variables, floor and ceiling effects will be checked using histograms. If 

any such effects are judged to be present, we will consider dichotomising the variables for 

analysis.  

Sensitivity analysis 1 
A sensitivity analysis of the primary objective will be repeated, excluding those participants 

that answered ‘Yes, I visit supermarkets/stores less than I did before Covid-19’ or ‘Yes, I visit 

supermarkets/ stores more than I did before Covid-19’ to the question ‘Has how often you 

visit a store changed because of Covid-19?’. This analysis will only take place if it does not 

reduce the sample size to <50%.   

 

Sensitivity analysis 2 
A sensitivity analysis of the primary objective will be repeated, excluding those participants 

who reported visiting supermarkets and / or convenience stores less than once a month. 

This analysis will only take place if it does not reduce the sample size to <50%.   

 

Sensitivity analysis 3 
A sensitivity analysis of the primary objective will be repeated, excluding those participants 

that were deemed to be not paying attention (anyone who selected at least one ‘red herring’ 

item in the cued recall question list). This analysis will only take place if it does not reduce 

the sample size to <50%.   

 

Additional measures 
Some additional measures will be used to identify participants for the primary and secondary 
outcomes, as well as the sensitivity analysis. All other additional measures listed above will 
be reported descriptively only.  


