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STUDY PROTOCOL 

 

EFFECT OF NUCLEATION ON DRINKING RATE IN SOCIAL ALCOHOL 

CONSUMERS 

 

David Troy, Olivia Maynard, Matthew Hickman, Angela Attwood, Marcus Munafò 
 

Note: The title of this study will appear as ‘Effect of alcohol on wordsearch task performance 
in social alcohol consumers’ on study documentation read by participants in order to disguise 
the true nature of the study so as to maintain natural drinking behaviour as much as possible. 

 
Background 

 
Nucleation is a process in supersaturated solutions whereby gases such as carbon dioxide 
(CO2) are released. Bubbles of CO2 molecules grow on nucleation sites which usually come 
in the form of hollow, cylindrical cellulose fibres (Liger-Belair, 2005, Prins, 1998) and are 
released from these sites when they reach a critical size and ascend through the solution. 
Nucleation of lager glasses has become common in recent years. Modern lager glasses 
concentrate the nucleation process by having either a laser-etched or printed nucleated stamp 
on the inner base, which allows CO2 to be more rapidly released. However, the effect of this 
process on the drinking rate of lager is not well understood. 
  
There is evidence that the size of the head of a beer, which can be maintained for longer by 
nucleation, influences the likeability of lager; for example, beer with a sizable head is judged 
to taste better than a beer with less head (Bamforth, 2000). In addition, our previous research 
(Troy, 2016) investigated the effect of nucleation on the drinking experience of lager and 
results showed that nucleated lagers had greater visual appeal than non-nucleated lagers, 
although nucleation did not affect overall likeability (including enjoyment, taste, refreshment 
and likelihood to buy). However, it remains unclear whether nucleation influences actual 
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consumption behaviour, in particular drinking rate and volume consumed. In our previous 
study, we did not find differences in volume consumed; however, the taste test was limited to 
5 minutes drinking time. It is plausible that drinking without time restrictions may elicit 
different results, particularly as nucleation differences between the two glasses may increase 
over time as the control (non-nucleated) drink becomes “flat”. Therefore, a full investigation 
is warranted to explore whether nucleation has an effect on the drinking rate of lager. 
 
The findings from this study will add to the literature and inform consumer behaviour and 
public policy. If our findings suggest that nucleation has an influence on the drinking rate of 
lager, local and national licensing laws could restrict or increase the frequency of nucleated 
glasses in response to emerging evidence. 
 

Study Objective and Hypothesis 
 
Our primary objective is to examine whether nucleation affects the drinking rate of lager. We 
hypothesise that there will be differences in drinking rate of lager when it is consumed from a 
nucleated compared to a non-nucleated glass. However, the direction of this effect is difficult 
to predict. Increases in visual appeal and likeability that have been reported previously would 
suggest that drinking rate would be faster from a nucleated glass. Alternatively, drinking rate 
may be slower due to fizziness of the drink and also consumers will be less concerned with 
finishing the drink before it goes “flat”. The direction of the effect is an important question to 
address as it will inform the public health message about the likely effects of nucleation on 
population drinking patterns. We will also explore whether any differences observed are 
specific to certain aspects of drinking topography (e.g., total sip duration, number of sips).  

Study Design 

 
This is a human laboratory study investigating the effect of nucleated glasses on the drinking 
rate of lager. The study will use a between-subjects design with one factor of glass type 
(nucleated, non-nucleated). Data will be captured using video analysis and allocation to test 
condition will be double-blind. The primary outcome measure will be the total drinking time 
of lager in nucleated and non-nucleated glasses. Secondary drinking variables will be total sip 
duration, total interval duration and number of sips. During the study session, subjective 
measures of alcohol craving, mood and likeability of lager will be taken.  
 

Study Site 

 
School of Experimental Psychology, University of Bristol, 12a Priory Road, Bristol, BS8 
1TU, United Kingdom. 
 
Participants and Recruitment 

 

Social alcohol consumers (n = 160; 50% female), defined as drinking between 5 and 35 
units/week if female and 10 and 50 units/week if male, will be recruited for the study. 
Participants will be recruited from the staff and students at the University of Bristol, and the 
general population, using existing mailing lists, online, poster and flyer advertisements, and 
word of mouth. Participants who are interested in taking part will be sent the study 
information sheets in advance of the study session. They will complete a screening 
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assessment at the start of the study session to assess eligibility. Participants will receive £7 
compensation or course credits for their time for participation. 
 
Inclusion criteria 
 

• Aged between 18 and 40 years. 

• Drink between 5 and 35 units*/week if female and 10 and 50 units*/week if male. 

• Report liking lager.  

• In good physical and psychiatric health as determined by self-report. 

• Have English as a first language or an equivalent level of fluency. 
 
*One unit equals one 25 ml single measure of spirit (Alcohol by Volume (ABV) 40%), or a third of a pint of beer (ABV 5-6%) or half a 
standard (175 ml) glass of red wine (ABV 12%). 

 

Exclusion criteria 
 

• Consumed alcohol within 24 hours of test session. 

• Current use of psychiatric medication. 

• Use of illicit drugs (except cannabis). 

• Body weight less than 50 kg if female or 60 kg if male. 

• Family history of alcoholism, defined as at least one first-degree relative (parent, 
sibling) or two or more second-degree relatives (e.g., uncle, grandparent, niece). 

• Pregnant, believes may be pregnant, trying to conceive, or breastfeeding.  

• Potential, in the opinion of the investigator, to be non-compliant with the study or 
unable to give informed consent. 

• Participated in previous studies investigating the effect of nucleation on the drinking 
experience of lager and the effect of glass markings on drinking rate in social alcohol 
drinkers. 

 
Sample size determination 
 
Our previous study resulted in a longer drinking time for straight glasses (Mean [M] = 11.5, 
Standard Deviation [SD] = 5.6) compared to curved glasses (M = 7.2, SD = 3.3). This 
indicated an effect size of d = 0.91 for the difference in drinking rate between the two glass 
shapes (Attwood et al., 2012). However, in order to be conservative, we will recruit a sample 
size of 160 participants, which will provide 80% power at an alpha level of 5% to detect an 
effect size of d = 0.45, which is equivalent to a difference in drinking rate of 2 minutes (SD = 
4.5). 

Withdrawal of participants 
 
Participants will be informed that they are able to withdraw from the study at any time 
without having to give a reason. Full monetary reimbursement will be provided on 
completion of the study session or if the participant experiences an adverse event or adverse 
reaction. Participants who withdraw during the study session for a reason other than an 
adverse event will receive a lower reimbursement amount that is proportional to the amount 
of time spent in the study. This is considered appropriate as it does not substantially 
incentivise an individual to stay in the study if they wish to withdraw or incentivise 
participants to withdraw before session completion. 
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Randomisation 

 

Participants will be randomly assigned to glass conditions, but equal numbers of participants 
per group will be maintained in each group, and randomisation will be stratified by sex. In 
advance of the study, a numeric code will be created using random number assignment 
software to randomise participants to one of two groups (nucleated, non-nucleated). The 
primary experimenter and participants will be blind to condition allocations. The secondary 
experimenter will place the drink in front of the participant in order to avoid the primary 
experimenter becoming unblinded.  
 

Measures and Materials 

 

Primary outcome: 

• Total drinking time. 
 

Secondary outcomes: 

• Drinking topography: 
o Total sip duration (i.e., total time spent sipping); 
o Total interval duration (i.e., total time between sips); 
o Number of sips.  
Note: These variables will only be analysed if there is evidence of an effect 
with our primary outcome (total drinking time). 

• Alcohol craving (Alcohol Urges Questionnaire [AUQ]). 

• Mood (Positive and Negative Affect Schedule [PANAS]). 

• Likeability of lager (Lager Drinking Experience Questionnaire [LDEQ]) 
 

National Adult Reading Test (NART): Participants will be asked to read aloud a series of 50 
words from a given sheet. This is a filler task and the data will not be extracted or analysed. 
Participants will be told that this study is examining the effects of alcohol on performance in 
a wordsearch task, as knowing that the measure is drinking rate may influence individual’s 
drinking behaviour. The NART is included to help promote belief that word identification is 
the primary outcome measure. 

Wordsearch: Participants will be instructed to find as many words as possible, in any order, 
in 4 minutes from an 18 × 18 letter grid in which 41 words (household items) are hidden. 
This will be timed by the researcher who will indicate when the participant should start and 
stop. The task has been included to disguise the true nature of the study and the data will not 
be extracted or analysed. 

Video capture: Videos will be recorded on a Hitachi Hybrid Camcorder DZHS500E. 
 
DVD: “Earth: a journey of a lifetime”; British Broadcasting Corporation 2008. 
 

Drinks: Participants will consume one 20 fl oz (568 ml) glass of standard strength 
(Budweiser 4.8% ABV) lager. 
 



Study Protocol Version 1.3 
3rd May 2016 

 

Glasses: All participants will consume their drink from a Tulip beer pint glass supplied by 
PaşabahçeTM. Participants will drink from either a nucleated or non-nucleated glass as per 
randomisation. Drinks will be prepared by the secondary researcher and therefore glass 
allocation will be double blind. 
 

Questionnaires: Questionnaire measures will comprise of the Alcohol Use Disorders 
Identification Test (AUDIT) (Saunders et al., 1993), the AUQ (Bohn, Krahn, & Staehler, 
1995), PANAS (Watson, Clark, & Tellegen, 1988) and the LDEQ amended from a taste test 
questionnaire used with permission from colleagues at the University of Liverpool (Jones et 
al., 2011, Field et al., 2007, Field and Eastwood, 2005). The LDEQ will contain ten questions 
(“How visually appealing was the drink?”; “How enjoyable was the drink?”; “How smooth 
was the drink?”; “How refreshing was the drink?”; “How intoxicating was the drink?”; “How 
bubbly/gassy was the drink?”; “How light was the drink?”; “How tasty was the drink?”; 
“How likely would you be to buy the drink?”; “How sweet was the drink?”) which will be 
rated on a visual analogue scale (VAS) from “Not at All” to “Extremely” from 0-100.  

Procedure 
 
Participants will attend one study session lasting approximately 45 minutes. Participants will 
be sent the information sheet in advance of the study session, and will be given the 
opportunity to read it again upon arrival and ask questions. After written informed consent 
has been obtained, a screening procedure will be conducted to assess eligibility for the study, 
based on inclusion/exclusion criteria described above. Recent alcohol consumption will be 
assessed by breath test (AlcoDigital 3000, UK Breathalysers). Participants will only be 
eligible for the study if their alcohol breath test result is zero and if they self-report not 
having consumed alcohol within 24 hours of the study session. Weight will also be recorded 
to assess eligibility.  
 
The participant will be asked to turn their phone off and place it out of reach. They will be 
asked to consume 100 ml of water as a thirst quencher. Baseline testing will begin with the 
NART, after which participants will be required to complete the questionnaire measures 
(AUDIT, AUQ, PANAS). While this is being carried out, 20 fl oz of lager will be poured into 
a glass (either nucleated or non-nucleated glass as per randomisation) by a secondary 
experimenter, who will deliver the drink to the test room, present it to the participant and then 
and leave the room. The primary experimenter will instruct the participant to consume all of 
the drink at their own pace whilst watching a nature documentary. The primary experimenter 
will leave the room. Participants will be left alone until they have consumed the entire drink, 
during which time they will be video-recorded (with their knowledge and consent) for later 
video analysis. Following drink consumption, the researcher will return and administer the 
LDEQ. The word search will then be administered and participants will be told to find as 
many words as possible in any order in four minutes, marking each with a pen as they find it. 
On completion of this task, participants will then complete a final set of questionnaires 
(AUQ, PANAS).  
 
Before leaving the testing room, participants will be reimbursed. They will be asked to read 
and sign a safety form that advises them that they have received alcohol and that they should 
not drive, cycle, operate machinery or engage in any other task or behavior considered 
potentially hazardous after alcohol consumption. Participants will be informed of the 
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purposes of the study upon completion of their participation. Participants will be offered the 
opportunity to stay behind to allow any effects of alcohol to wear off and a taxi home.  
 
Statistical Plan 

 

All analyses will be conducted using SPSS Statistics Software (IBM SPSS Statistics for 
Windows, Version 23, IBM Corp). If any data violates assumptions of normality and 
homogeneity of variance, data will be transformed or the appropriate nonparametric test will 
be carried out. The best course of action will be decided dependent upon the pattern of the 
data (e.g., degree/direction of skew, kurtosis).  
 
Video data extraction: The experimenter extracting these data will be blind to condition 
allocation. Total drinking time will be obtained by calculating the difference between the 
initiation of the first sip to the termination of the last sip. If a main effect of total drinking 
time is observed, more detailed drinking topography variables will be extracted by pressing a 
button at the initiation of a sip and the termination of a sip using a MATLAB script 
(MATLAB and Statistics Toolbox Release R2013a, The MathWorks, Inc.). In order to check 
extraction accuracy, an independent researcher will extract 20% of participant data (randomly 
selected). If errors >1% are observed, the full data set will be checked.  

Manipulation check: Responses to the question “How bubbly/gassy was the drink?” will 
serve as a manipulation check and will be analysed using a linear regression, with glass type 
(nucleated, non-nucleated) as a between-subjects factor.  

Drink rate analyses: The primary outcome will be total drink time (from initiation of first sip 
to termination of last sip) and we will analyse these data in a linear regression, with glass type 
(nucleated, non-nucleated) as a between-subjects factor.  

Drinking topography analyses: If there is evidence of an effect of glass type on drinking rate, 
further topography analyses will be carried out. Topography outcomes will include total sip 
duration, total sip interval and total number of sips. We will analyse these data in linear 
regressions, with glass type (nucleated, non-nucleated) as a between-subjects factor.  

Questionnaire analyses: Linear regressions with glass type (nucleated, non-nucleated) as a 
between-subjects factor adjusting for baseline mood/craving measures will be used to analyse 
mood (PANAS) and craving (AUQ) data. Data from five questionnaire items in the LDEQ 
(“How visually appealing was the drink?”; “How enjoyable was the drink?”; “How refreshing 
was the drink?”; “How tasty was the drink?”; “How likely would you be to buy the drink?”) 
will be averaged to calculate a likeability score. Other questions (“How smooth was the 
drink?”, “How light was the drink?”, “How sweet was the drink?”, “How intoxicating was 
the drink?”) will act as filler questions and will not be analysed. To examine the association 
between drinking rate and likeability of lager, a Pearson’s correlation analysis will be 
conducted on the likeability score and the primary outcome measure of total drinking time.  
 

Ethical Considerations and Informed Consent 

 
Ethics approval has been obtained from the Faculty of Science Research Ethics Committee at 
the University of Bristol (Approval Code: 31031633763). The study will be conducted 
according to the revised Declaration of Helsinki (2013) and the 1996 ICH Guidelines for 
Good Clinical Practice E6(R1). The investigator will explain the nature, purpose and risks of 
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the study to the participant. The participant will receive the information sheet in advance of 
the study session. There will be no time restriction on how long participants take to respond, 
with the exception that participants who respond after all study places have been filled will 
not be offered a place on the study. Therefore, participants will be given sufficient time to 
read the information and consider any implications, and to raise any questions with the 
investigators prior to making a decision to participate. On arrival at the study session 
participants will be given the opportunity to read the information sheet again and ask the 
investigator any questions. Written consent will then be obtained. Participants will be 
informed that they are free to withdraw at any time. 
 

Safety 

 
Participants will consume alcohol during the study session (20 fl oz of standard strength 
lager; 4.8% ABV). All participants will be self-reported weekly consumers of alcohol and 
therefore no adverse reactions are expected. We also do not expect excessive intoxication as a 
result of drinking this volume of alcohol. To mitigate risk we will exclude individuals 
weighing less than 50 kg if female or 60 kg if male, who have personal history or a strong 
family history of alcoholism, and individuals who are pregnant, think they might be pregnant, 
trying to conceive or breastfeeding (see “Exclusion criteria” for more details). This will be 
explained on the information sheet. At the end of the study participants will be verbally 
reminded of the amount of alcohol they have consumed and will be advised not to drive, 
cycle, operate heavy machinery or engage in any activity considered hazardous following 
alcohol consumption. Participants will also be given the opportunity to remain behind until 
they feel that any effects of alcohol have worn off and will be offered a taxi home. They will 
also be asked to sign a post-session safety form to acknowledge that they understand that they 
have consumed alcohol and that they should not drive, operate heavy machinery or engage in 
any activity considered hazardous after alcohol consumption. 
 

Adverse Event Reporting 

Adverse events or adverse reactions will be documented at the end of the relevant session 
using an adverse event report, and will be recorded in the case report forms (CRFs). The 
adverse event reports will be anonymised by unique study identifier and stored in the master 
file. Adverse events or adverse reactions will be followed up until resolved if possible. At the 
end of the study a safety report will be complied and sent to the Principal Investigator listing 
all adverse events and adverse reactions. All procedures related to adverse events will follow 
the University of Bristol adverse events policies and procedures. 
 
Data Management 

 
All aspects of the Data Protection Act will be adhered to. Experimenter CRFs will be retained 
for 5 years and consent forms will be retained for 10 years by the School of Experimental 
Psychology after study completion. In the event that a participant revokes authorisation to 
collect or use personal health information, the investigator retains the ability to use all 
information collected prior to the revocation of participant authorisation.  
 
Anonymised study data 
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The experimenter CRFs and electronic data will be anonymised by a unique numeric 
identifier and stored in a locked office. Data requested on the CRF will be recorded. All 
missing data will be explained. If any entry errors are made, a single straight line will be 
drawn through the incorrect entry and the correct data entered above it; to correct such an 
error. All such changes will be initialled and dated. Questionnaire data will be collected via 
online, secure survey systems (Qualtrics and Bristol Online Surveys). Once data have been 
inputted into a data spreadsheet, these will be deleted from the online survey.  

At the end of the study, the finalised data sheet will be transferred to a designated University 
of Bristol Research Data Storage Facility for long-term archiving. Study data will be kept for 
a minimum of 15 years. At the appropriate time the data sheet will be locked and made open 
using the University of Bristol Data Repository. 
 
Video files 

Video files cannot be anonymised completely due to faces being visible. Participant numbers 
will be used for purposes of identification within the study. Video files will be transferred 
from the video camera onto the research group’s designated data storage space on the 
University of Bristol network at the end of each study day and deleted from the video camera. 
Only the experimenters and research administrator will have access to the folder in which 
they are stored. Video data will be destroyed after the paper reporting this data is accepted for 
publication.  

Screening documents and participant contact details 
 
Screening documents, participant contact details and participant identifier logs will be stored 
separately in a study master folder and kept confidential. These will be kept in the study 
master folder for one year after study completion or until data are made open (whichever 
comes first), after which these documents will be destroyed. Failed screening documents will 
be shredded immediately using the School’s confidential waste facility. 
 
Revoked data 
 
If a participant decides that they do not want their data used after their participation they have 
the right to request that the data are withdrawn. They can request this up to one year post 
study completion or until the data are made open (whichever comes first). 
 
Quality Control and Quality Assurance 

 
The investigators will be responsible for data quality. After approximately 10% of data 
collection has been completed, the study will undergo an in-house quality assessment. 
During this monitoring process all CRFs and study documents will be assessed as well as 
the investigators laboratory management and participant engagement, and corrected where 
necessary. 

A 100% post-study check on allocation to test condition will be carried out by an 
independent researcher. 

Insurance 
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This study will be sponsored by the University of Bristol. The University has Clinical 
Research Insurance to cover the liability of the University to research participants. In the 
event that something goes wrong and a participant is harmed during the research study there 
are no special compensation arrangements. If a participant is harmed and this is due to 
someone's negligence then they may have grounds for a legal action for compensation against 
Bristol University or one of the other parties to the research, but they may have to pay their 
own legal costs. 
 
Publication Policy 
 
The findings from this research study may be published in an appropriate scientific journal 
(and made available open access), and/or presented at an appropriate meeting. Study data will 
be collected and held by the study investigators. The data will be made available for sharing 
via a University of Bristol online data repository. 
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David Troy 
School of Experimental Psychology 
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Bristol BS8 1TU 
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Olivia Maynard 
School of Experimental Psychology 
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Email: matthew.hickman@bristol.ac.uk 
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