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Abstract 

This study examined the parallel mediational processes between sensation seeking and parental rules 

on alcohol, in the emergence of heavy episodic drinking (HED) in adolescents. Data were drawn from 

a UK clustered randomized control trial (control arm only, N≈6,300, Mage at baseline =12.5). Using 

parallel process latent growth curve analysis, stricter parental rules at baseline were found to be 

associated with greater declines in sensation seeking over time and a lower risk of HED at follow-up 

(+33 months). Higher initial levels of sensation seeking predicted a faster relaxation of parental rules 

and a greater risk of HED.  By maintaining strict rules about alcohol, parents may promote a positive 

reduction in sensation seeking and a lower risk of HED. 

 

Keywords: Sensation seeking; Parental rules on alcohol; Heavy episodic drinking; Parallel process 
latent growth curve analysis.  
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Interplay between sensation seeking and parental rules in the emergence of heavy 

episodic drinking 

From a dual systems perspective (e.g., Steinberg 2008; 2010) adolescent risk taking is thought 

to arise from an imbalance in the maturity rates of reward sensitivity and cognitive control systems, in 

which a heightened sensitivity to new sensations (peaking in adolescence) overpowers immature 

cognitive controls (peaking in early adulthood). Accordingly, adolescent alcohol use can be 

conceptualized as a failure of immature controls to counterbalance the desire for the hedonistic 

pleasure of intoxication (Percy, 2008).  However, in addition to the regulatory control exerted by 

internal cognitive systems, contextual constraints, such as those imposed by parents, may play an 

important role in modifying risky behaviors (e.g., Shulman, et al, 2016).  

Sensation seeking is broadly understood as the desire for intense and novel experiences 

(Zuckerman, 1994) and can be viewed as a psychological manifestation of an underlying 

neurobiological process comprising greater sensitivity to rewards and increased activation of the 

neural reward systems in the brain (Shulman et al., 2016). It has been shown to be a consistent 

predictor of adolescent alcohol use (e.g., Stautz, & Cooper, 2013), as both sensation seeking and 

alcohol consumption increase significantly during early adolescence (Crawford, Pentz, Chou, Li, & 

Dwyer, 2003; Collado, Felton, MacPherson, & Lejuezet, 2014). Rapid increases in sensitivity to 

rewards during early adolescence appear to underpin the relationship between sensation seeking and 

teenage alcohol consumption (Castellanos-Ryan, Rubia, & Conrod, 2011). As alcohol rewards can be 

both behavioral (such as the social value of consumption) and psychopharmacological (the pleasures 

of intoxication) in nature (see Conrod & Nikolaou, 2016), sensation seeking appears to play a role in 

both the emergence of drinking (as a novel sensation) and the transition to binge/heavy drinking 

amongst adolescents (Stautz & Cooper, 2013). Similarly, early onset alcohol consumption may inflate 

trajectories of sensation seeking behavior across adolescence (Charles et al., 2016), increasing 

sensitivity to alcohol rewards and the transition to heavy drinking patterns. 

Parents can play an influential role in shaping adolescent drinking behaviors (Yap, Cheong, 

Zaravinos-Tsakos, Lubman, & Jorm, 2017). Parental rules on alcohol have been shown to impact on 
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both the onset of consumption and the transition into more problematic drinking (e.g., Koning, 

Eijnden, Verdurmen, Engels, & Volleberghet, 2011; Van Der Vorst, Engels, Dekovic, Meeus, & 

Vermulst, 2007). Parental rules on alcohol are a potential contextual constraint on adolescent 

sensation seeking that may arrest the development of drinking-related behaviors (Luciana, 2013). 

However, studies examining the association between parental rules, sensation seeking, and adolescent 

HED are relatively rare (see Sharmin et al., 2017).  In an adolescent study, Janssen et al. (2014) 

reported significant main effects for both rules and sensation seeking on drinking, but no interaction 

effect. Similarly, Kaynak and colleagues (2013) found no interaction between sensation seeking and 

parental rules in the development of substance use in college students. However, in both studies 

parental rules and sensation seeking were modelled as time invariant covariates rather than as the 

dynamic processes they are known to be.  

In the current study, we examine the interplay between sensation seeking (an index of reward 

sensitivity) and one possible external source of control (parental rules on alcohol) in the emergence of 

heavy episodic drinking (HED) in adolescents. We use a parallel process model to study the 

trajectories of both parental rules on alcohol and adolescent sensation seeking and their 

interrelationship. We predicted that higher sensation seeking (both initial status and growth rate) 

would be associated with a higher risk of HED (assessed at the final follow-up – T3), while stricter 

(higher) parental rules (both initial status and growth rate) would be associated with lower risk of 

HED. We further predicted that parental rules, as an external source of behavioral control, would 

reduce the influence of sensation seeking on HED.  

Methods 

Study design and participants 

The study uses data from a cluster randomized controlled trial (RCT) examining the efficacy 

of an alcohol education intervention (McKay et al., 2018; Sumnall et al., 2017). Only those pupils 

randomized to the control group were included in this analysis because of the potential interaction 

between the intervention and key variables in the model. Participants (N = 6,358) were from 53 

schools in Northern Ireland and Scotland. At the beginning of the study, participants were in their first 

year of High School (Mage = 12.5 years). Data were collected under examination-like conditions on 
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school premises at baseline (T0) in June 2012 and at three follow-ups: +12 (T1), +24 (T2), and +33 

(T3) months. By T3, the mean age of participants was just over 15. Opt in consent was obtained from 

school head-teachers/principals prior to randomization of the school to either intervention or control. 

Opt out consent from participants and their parents/guardians was obtained after randomization. 

Ethical consent was granted by the Research Ethics Committee of Liverpool John Moores University.   

A total of 39% (n = 2,466) of the sample were from Scotland, 51% (n = 3,269) were male, 

23% (n = 1258) were in receipt of free school meals (FSM; a proxy for low socioeconomic status), 

and 95% (n = 4992) were white. By T3, 19% (n = 1,199) of the sample were missing due to attrition. 

There was a higher rate of attrition for males (19.8%, n = 638), those in receipt of FSM (25.9%, n = 

375), and those who reported having used alcohol at baseline (26.3%, n = 426). A higher attrition rate 

was observed in Scotland (23%, n = 576) compared to NI (16.0%, n = 623).  

Measures 

The Brief Sensation Seeking Scale-4 (BSSS-4; Stephenson et al., 2003) was used to assess 

sensation seeking. Respondents were asked how strongly they agreed with four statements (e.g., “I 

would like to explore strange places”). A five-point Likert scale (1 = strongly disagree and 5 = 

strongly agree) was averaged within subjects, creating a mean sensation seeking score.  

The ten-item Rules about Alcohol Questionnaire (Van der Vorst, Engels, Meeus, Dekovic, & 

Van Leeuwe, 2005) examines adolescents’ perceptions of the rules and boundaries their parents place 

on their access to, and consumption of alcohol.  Participants were asked about drinking situations 

ranging from being allowed to drink alcohol at home when a parent is around, to being allowed to 

come home drunk. Responses were scored on a five-point Likert scale (1 = completely acceptable; 5 = 

completely unacceptable) with higher scores indicating stricter rules. Scores were averaged within 

subjects, creating a mean parental rules score. 

At T3 (+33 months) respondents were asked to report their past 30-days frequency of HED 

(never/once/twice/3 times/4-5times/6-7times/8 or more times). For males, HED corresponded to 

consumption of six or more units of alcohol, for females, the threshold was 4.5 units of alcohol. This 

frequency count was dichotomized at never/one or more occasion. To aid the accuracy of recall, 

respondents were presented with pictorial images of how much alcohol ≥6/≥4.5 UK units represented. 
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For example, one image for boys comprised 6 small bottles of a popular alcopop, another showed a 

20cl (1/4) bottle of vodka. 

A slightly different indicator of HED was employed at T0 (baseline). Here, respondents were 

asked about the frequency of consuming 5 or more drinks in the last month, which was dichotomized 

for the purpose of this study. However, as the term ‘drink’ could refer to drinks of different alcohol 

strength and volume the decision was taken to change the HED measure to UK units of alcohol 

(10ml/8g of alcohol) for T3. This change was implemented before the final wave of data collection, 

and analyses of study outcome measures at any data collection point had been undertaken. 

Respondents’ gender was included as dichotomous covariate.  

Analysis 

We used a parallel process latent growth curve model (LGCM) to examine the developmental 

changes in sensation seeking and parental rules on alcohol, the interplay between sensation seeking 

and parental rules, and their reciprocal influence on HED (see for example, Crawford, et al., 2003). 

Parallel process LGCMs estimate individual differences in the initial status of respondents (random 

intercepts) and individual differences in the rate of change over time (random slopes/growth rates) on 

both variables under examination (see Figure 1).  

The effect of the initial status of sensation seeking on the growth rate of parental rules and the 

initial status of parental rules on the growth rate of sensation seeking were also modelled. HED (T3) 

was regressed on sensation seeking and rules (both initial status and growth rate), as well as the 

covariates, namely gender and baseline HED (T0). The parallel process parameters (initial status and 

growth rate) were regressed on gender to assess gender specific differences in the trajectories of 

sensation seeking and parental rules. Only the growth rates (and not initial status) for both sensation 

seeking and parental rules were regressed on baseline drinking, as the dual systems model would 

suggest that earlier (unobserved) levels of sensation seeking and parental rules would determine 

baseline drinking levels rather than baseline drinking influencing the initial status of either sensation 

seeking or rules.  

All models were estimated in Mplus 7.3 (Muthén & Muthén, 1998-2012). The factor loadings 

for the initial status latent variables were constrained to zero for all time points. Given the unequal 
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time gaps in data collection, the factor loadings for the latent growth rates were constrained to T0=0, 

T1=1, T2=2, T3=2.75. A maximum likelihood estimator with robust standard errors (MLR) was used 

to estimate standard errors robust to the clustered nature of the sample. Missing data were handled 

using standard Mplus FIML procedures. In the full model, 849 cases were missing on one or more of 

the X variables and were excluded from the analysis, giving an achieved sample size for the estimated 

model of 5,509. Numerical integration with 400 integration points was employed to estimate the final 

model. 

[Figure 1 about here] 

Results 

Table 1 displays the descriptive statistics for the parallel processes, model covariates, and 

HED. Overall, a slight increase was observed in sensation seeking between T0 and T2 (ages 12.5 to 

14.5), which levelled off by T3 (age 15.3). In contrast, a slight decrease was observed in the means for 

parental rules on alcohol between T0 (4.6) and T3 (4.3). At T0, around eight per cent reported at least 

one episode of HED in the past 30 days. By T3 this had increased to over 25%.  

[Table 1 about here] 

Separate unconditional LGCMs were estimated for sensation seeking, parental rules, and the 

combined parallel processes. The fit for the sensation seeking model (χ2 [5, 6,356] = 12.062, p = 

0.034; RMSEA=0.015; CFI=0.996), the parental rules model ((χ2 [5, 6,356] = 199.66, p < 0.0001; 

RMSEA=0.078; CFI = 0.986), and the unconditional parallel process model ((χ2 [24, 6,357] = 

390.459, p < 0.0001; RMSEA = 0.049; CFI = 0.968), were all acceptable. Given the nature of the 

final conditional model estimated (Fig 1), traditional SEM fit indices were not available.  

[Table 2 about here] 

Table 2 displays the initial status and growth rate parameters in the parallel process LGCM. 

Sensation seeking shows a flat rate of growth over the study period (0.02). In contrast, the strictness 

of rules declines slightly with age (-0.11).  

[Table 3 about here] 

Table 3 provides the model regression parameter estimates for the covariates gender (on the 

initial statues and growth rates) and baseline HED (on growth rates), the mediation processes, and the 
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HED outcomes. Females reported lower initial levels of sensation seeking, but a greater 

developmental increase in sensation seeking over time relative to males (as evidenced by the positive 

parameter estimate when the sensation seeking growth rate is regressed on gender). The sensation 

seeking trajectory for males was relatively flat. For parental rules on alcohol, females report a higher 

initial level than males (i.e. stricter rules), but a faster rate of relaxation in parental strictness (i.e. 

greater increase in leniency) over time.  

Stricter parental rules at T0 (initial status) were associated with reduction in the growth rate of 

sensation seeking over the study period (b = -0.07, p = <0.001). In a similar way, a higher level of 

sensation seeking at T0 was associated with a more rapid decline in parental rules scores (b = -0.08, p 

= <0.001). As initial sensation seeking increased, the rate of decline in parental rules became more 

pronounced (it fell faster). Similarly, early onset HED (at T0) appeared to impact on the age-related 

relaxation of parental rules (i.e. speeding it up; b = -0.11, p = <0.001), but HED at T0 did not appear 

to alter the developmental trajectory of sensation seeking (b = -0.007, p = 0.592).  

While higher levels of sensation seeking at T0 were associated with an increased risk of HED 

at T3 (b = 0.67, p = <0.001), higher levels of parental rules at T0 reduced that risk (b = -1.35, p = 

<0.001). A higher growth rate in sensation seeking was associated with a higher log odds of HED at 

T3 (b = 8.12, p = <0.001). The reverse was true for parental rules, where a less negative growth rate (a 

slower decline) predicted a lower log odds of HED at T3 (b = -6.73, p = <0.001).  

Discussion 

The present study set out to model the parallel trajectories of parental rules on alcohol and 

adolescent sensation seeking, to assess the impact of an external environmental constraint (parental 

rules) on the developmental course of reward sensitivity (sensation seeking), a core component of the 

dual systems model of adolescent risk taking, and to investigate how these parallel mediational 

processes of sensation seeking and parental rules were associated with the emergence of heavy 

episodic drinking (HED). In summary, the findings suggested that sensation seeking was rather stable 

over time amongst boys, while it increased slightly amongst girls across the four sweeps of data 

collection. Parental rules on alcohol, in contrast, become more lenient as the young people grew older. 

Having a higher initial level of sensation seeking or increases in sensation seeking behaviors over 
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time, predicted an increased risk of HED, confirming earlier work on this area (Stautz, & Cooper, 

2013). In contrast, having and maintaining stricter parental rules about drinking significantly 

predicted lower engagement in HED (Yap et al., 2017).  

Important parallel mediational processes between parental rules and self-reported sensation 

seeking were also observed. Strict parental rules restricted the growth rate of sensation seeking across 

early adolescence. This suggests that the trajectories of psychological traits such as sensation seeking, 

and their underlying neurological processes, may be amenable to external influences altering their 

developmental course. Parental behaviors may promote the maturation of reward sensitivity, sensation 

seeking, and risk taking behaviors by possibly denying access to risk taking opportunities at a young 

age, or by potentially channeling sensation seeking towards more pro-social rewards. Recent studies 

have found that neighborhood disadvantage moderates the relationship between sensation seeking and 

substance use largely via the provision of additional risk taking opportunities (Burdzovic Andreas & 

Watson, 2016; Jensen, Chassin and Gonzales, 2017). In contrast to this research, it should be noted 

that most studies that have examined the relationship between sensation seeking and parental 

behaviors have failed to find a significant interaction (e.g. Janssen et al., 2014; Kaynak et al., 2013). 

However, this is the first study to model both sensation seeking and parental behaviors as dynamic 

rather than static constructs, and to examine the impact of parenting behaviors on the developmental 

trajectory of sensation seeking through mediational processes rather than moderation effects.   

Similarly, adolescent sensation seeking appears to alter the course of parental rule setting. For 

children with high reward sensitivity, the expectation would be for parents to impose stricter external 

controls on access to high-risk activities to counter the child’s heightened internal drive to engage in 

such activities.  However, the opposite seemed to occur, with parents whose children reported higher 

levels of sensation seeking appearing to relax alcohol rules at a faster rate, which suggests that the 

parents potentially share the same levels of sensation seeking and thus tolerate this behavior at what 

they consider to be an appropriate age (most likely the age that they drank underage). Teenagers see 

the alcohol rules set by parents as a movable boundary against which they are expected to push, in the 

hope of prompting ever more lenient controls as they grow older (Percy, Wilson, McCartan & 

McCrystal, 2011). Adolescents with higher levels of sensation seeking may indulge in these boundary 
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disputes with a greater frequency or with greater success than their less reward sensitive peers 

inducing a relaxation of the rules. Alternatively, parents of high sensation seeking children may 

choose their ‘battles’ carefully. A slight relaxation of rules surrounding alcohol consumption, 

permitting access to a perceived lower risk activity, may be seen as a way of protecting and 

maintaining rules on higher risk activities (e.g. illicit drug use). It may also be the case that higher 

sensation seeking adolescents are more sensitive to any relaxation of parental boundaries or 

constraints (see Slagt et al. 2016), and the potential rewards that this exposes, rating their parents as 

less strict than their lower sensation seeking peers.  

While having no effect on the development of sensation seeking, early onset drinking 

predicted greater leniency amongst parents regarding their child’s access to alcohol, further escalating 

the child’s risk of HED in middle adolescence. Early onset drinking (stimulated by high reward 

sensitivity) may create a cascade effect through which parents become more lenient in their rules 

regarding alcohol, thereby increasing opportunities to drink and socialize with other teens (see Kim et 

al., 2017), maintaining higher levels of sensation seeking and increasing the risks of later adolescent 

HED (see Fergusson, Lynskey, & Horwood, 1994).    

 The study confirms sex differences in the developmental trajectory of sensation seeking and 

parental rules. However, it challenges prior research that suggests sensation seeking peaks earlier in 

girls than boys (e.g. Shulman, Harden, Chein & Steinberg, 2015). The relatively brevity of the follow-

up in this study (up to age 15) may have censured later fluctuation in sensation seeking behavior (see 

for example, Littlefield Stevens, Ellingson, King, & Jackson, 2016). Interestingly, girls appear to 

experience stricter alcohol rules whilst having lower levels of sensation seeking than boys. This may 

reflect increased parental concerns regarding teenage boys and alcohol. Koning and colleagues (2013) 

found that parents worried more about teenage sons than daughters, yet parental worries predicted less 

restrictive rule setting, a lower quality of communication between parent-child dyads and higher 

teenage drinking.  

The study is not without limitations. Firstly, the study is based on self-report and as a result 

there may be a degree of measurement error associated with the reporting of alcohol consumption. 

Similarly, levels of sensation seeking may bias the reporting of parental alcohol rules. An independent 
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measure of rules would have been preferable. While it can be argued that the parental rules 

questionnaire only assesses children’s perceptions of parental rules, as opposed to how parents 

actually define their rules, adolescent perceptions of parental alcohol rules may be more influential on 

their drinking than the rules as reported by the parents (Koning, Eijnden, Engels, Verdurmen, & 

Vollebergh, 2011). Also, parental reports of alcohol rules may be subject to greater social desirability 

pressures than adolescent reports (Kypri, Dean, Kirby, Harris, & Kake, 2005).  

Despite these limitations, the findings may have implications for social policy in this area. It 

appears that, in an environment where parents often feel helpless regarding their ability to impact on 

adolescent risk-taking, strict parental rules may contribute to a reduction in HED, both directly and 

indirectly via reduced sensation seeking. Prevention interventions that include a parental component 

aimed at fostering strict parental rules may be a way of promoting a shift in parental rule setting and 

reducing HED (see for example, McKay et al., 2018; Sumnall et al., 2017, Koning et al., 2011).   
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Table 1: Variance-covariate matrix for the parallel processes (sensation seeking and parental rules), covariates and distal outcome 
 Sen Seek 

T0 
Sen Seek 

T1 
Sen Seek 

T2 
Sen Seek 

T3 
Rules 

T0 
Rules 

T1 
Rules 

T2 
Rule  
T3 

Gender 
(F) 

Binge 
drinking  

T3  

Binge 
drinking 

T0 
Sen Seek T0 0.799           
Sen Seek T1 0.387 0.773          
Sen Seek T2 0.332 0.400 0.683         
Sen Seek T3 0.280 0.365 0.396 0.698        
Rules T0 -0.130 -0.091 -0.067 -0.070 0.379       
Rules T1 -0.091 -0.115 -0.077 -0.088 0.176 0.393      
Rules T2 -0.087 -0.093 -0.115 -0.105 0.219 0.237 0.549     
Rules T3 -0.108 -0.121 -0.124 -0.150 0.270 0.254 0.431 0.727    
Gender (F) -0.085 -0.070 -0.042 -0.036 0.033 0.014 0.016 0.014 0.250   
Binge drinking  T3 -0.054 0.077 0.079 0.093 -0.073 -0.086 -0.119 -0.168 0.012 0.193  
Binge drinking T0 0.034 0.025 0.019 0.017 -0.066 -0.047 -0.046 -0.054 -0.006 0.027 0.073 
            
Means/% (All) 3.556 3.581 3.608 3.591 4.572 4.564 4.438 4.250 48.49% 25.63% 7.83% 
Means/% (Male) 3.721 3.721 3.693 3.661 4.508 4.533 4.405 4.218 - 23.35% 8.84% 
Means/% (Female) 3.383 3.435 3.516 3.518 4.640 4.597 4.472 4.284 - 27.97% 6.72% 
Notes: Sen Seek = Sensation Seeking, Rules = Parental Rules on Alcohol, F= Female. 
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Table 2: Model initial status and growth rate parameters in the parallel processes 
LGCM 
 Initial 

status 
Growth 
rate 

Residual 
variance  

Sensation seeking T0 1.00 0.00 0.47 
Sensation seeking T1 1.00 1.00 0.38 
Sensation seeking T2 1.00 2.00 0.29 
Sensation seeking T3 1.00 2.75 0.31 
Intercepts - sensation seeking 3.72  0.31 - 
Means - sensation seeking  3.36 0.02 - 
Parental alcohol rules T0 1.00 0.00 0.20 
Parental alcohol rules T1 1.00 1.00 0.21 
Parental alcohol rules T2 1.00 2.00 0.22 
Parental alcohol rules T3 1.00 2.75 0.27 
Intercepts - rules  4.57 0.22 - 
Means - rules  4.63 -0.11 - 
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Table 3: Parameter estimates for the covariates, mediation processes and distal outcome in the parallel 
process LGCM 

 Est SE p 
Gender (F) → Initial status (Sen Seek) -0.345 0.036 <0.001 
Gender (F) → Initial status (Rules) 0.114 0.033 <0.001 
Gender (F) → Growth rate (Sen Seek) 0.086 0.012 <0.001 
Gender (F) → Growth rate (Rules) -0.063 0.013 <0.001 
Initial status (Rules) → Growth rate (Sen Seek)  -0.072 0.013 <0.001 
Initial status (Sen Seek) → Growth rate (Rules) -0.080 0.009 <0.001 
Binge drinking T0 → Growth rate (Sen seek) -0.007 0.013 0.592 
Binge drinking T0 → Growth rate (Rules) -0.105 0.019 <0.001 
Initial status (Rules) → Binge drinking T3 -1.345 0.191 <0.001 
Initial status (Sen Seek) → Binge drinking T3 0.670 0.098 <0.001 
Growth rate (Rules) →  Binge drinking T3 -6.732 0.724 <0.001 
Growth rate (Sen Seek) →  Binge drinking T3 8.115 1.304 <0.001 
Binge drinking T0 →  Binge drinking T3 0.945 0.195 <0.001 
Notes: F = female (male is the corresponding reference category), Sen Seek = sensation seeking, Rules = 
parental rules on alcohol.  
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Fig 1: Parallel Process Latent Growth Curve Model  

 


