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It was hypothesised, on the basis of pilot work funded by the AERC, that acute alcohol 
consumption leads to modifications in the processing of perceptual cues of emotional 
expression, which might be a potential mechanism by which certain behaviours (e.g., 
aggression) become more likely after alcohol consumption. 
 
Our research explored this possibility with a programme of experiments intended to 
investigate specific aspects of this relationship – the effects of low and moderate doses, 
the effects of alcohol on the categorization of complex blends of multiple emotions, and 
the effects of alcohol on the perception of eye gaze. 
 
Three main studies were completed. The results of the first study have been published in 
the Journal of Psychopharmacology, and the results of the second study are under review 
in Psychopharmacology. The results of the third study are currently being prepared for 
submission for publication. 
 
In addition, we were able to run a small number of pilot studies in parallel to the main 
experiments detailed in the grant. In particular, we extended our research to include 
effects of alcohol on perceived attractiveness, as well as on the processing of perceptual 
cues of emotional expression. 
 
We have therefore successfully attained our goal of developing a laboratory model of the 
mechanisms of social interaction which are sensitive to acute alcohol consumption. This 
will serve to elucidate the mechanisms by which alcohol increases the likelihood of 
certain behaviours (e.g., unsafe sex, aggression). 
 
Over the duration of the grant we have tested n = 450 participants across nine individual 
experiments. In addition, the results of the pilot study which led to this grant, funded by 
AERC, have also been published in the Journal of Psychopharmacology. The two studies 
currently published are provided as an appendix to this report. 
 
 



What were the outcomes and findings? 
 
In total, we have completed nine individual experiments, of which six addressed the 
primary research questions specified in our original proposal, and three collected pilot 
data to extend on our findings and guide the formulation of future research questions. A 
brief summary of each of these is presented below: 
 
Study 1: 
 
This study examined the effects of two doses of alcohol and placebo on the sensitivity of 
perceiving the emotional content of facial cues. Forty (50% male) social drinkers 
attended three sessions in a randomised order. Emotion (angry, happy, sad), target sex 
(male, female) and drink (0.0, 0.2, 0.4 g/kg alcohol) were within-subject factors, and 
participant sex (male, female) was a between-subject factor. Following the highest dose 
of alcohol, male participants showed decreased sensitivity in identifying sad emotional 
expressions compared to females. 
 
Study 2a: 
 
This study examined whether alcohol and expectancy of having received alcohol affected 
the categorisation of an ambiguous facial stimulus (i.e., angry-happy and angry-disgusted 
facial morphs). This was a balanced-placebo design in which ninety-six (50% male) 
social drinkers were randomised to either receive alcohol (0.4 g/kg) or placebo, and either 
to be told that they were receiving alcohol or placebo. Participant sex was included as a 
between-subject factor, and emotion (angry-happy, angry-disgusted) and target sex were 
within-subject factors. Participants demonstrated a bias towards categorising a disgusted 
faces as angry after alcohol compared to placebo. 
 
Study 2b: 
 
This study examined the effects of two doses of alcohol and placebo on the categorisation 
of an ambiguous facial stimulus (i.e., angry-happy and angry-disgusted facial morphs). 
Thirty (50% male) social drinkers attended three sessions in a randomised order. Emotion 
(angry-happy, angry-disgusted), target sex (male, female) and drink (0.0, 0.2, 0.4 g/kg 
alcohol) were within-subject factors, and participant sex (male, female) was a between-
subject factor. Compared to female target faces, male target faces were more likely to be 
miscategorised as angry, compared to disgusted, by male participants. 
 
Study 2c: 
 
This study examined the effects of two doses of alcohol and placebo on the categorisation 
of an ambiguous facial stimulus (i.e., angry-disgusted, angry-sad, angry-fearful, 
disgusted-sad and disgusted-fearful facial morphs). Thirty (50% male) social drinkers 
attended three sessions in a randomised order. Emotion (angry-disgusted, angry-sad, 
angry-fearful, disgusted-sad, disgusted-fearful), target sex (male, female) and drink (0.0, 



0.2, 0.4 g/kg alcohol) were within-subject factors, and participant sex (male, female) was 
included as a between-subject factor. These data are currently being analysed. 
 
Study 3a: 
 
This study examined the effects of two doses of alcohol and placebo on the perception of 
eye gaze in attractive and unattractive male and female targets. Thirty (50% male) social 
drinkers attended three sessions in a randomised order. Attractiveness (attractive, 
unattractive), target sex (male, female) and drink (0.0, 0.2, 0.4 g/kg alcohol) were within-
subject factors, and participant sex (male, female) was a between-subject factor. After 
alcohol, female participants were more likely to perceive male, but not female, target 
faces as looking at them compared to placebo. In addition, both male and female 
participants were more likely to rate attractive faces as looking towards them and 
unattractive faces as looking away from them after alcohol.  
 
Study 3b: 
 
This study examined the effects of two doses of alcohol and placebo on the perception of 
eye gaze in male and female targets displaying different emotional expressions. Thirty 
(50% male) social drinkers attended three sessions in a randomised order. Emotion 
(happy, angry, sad), target sex (male, female) and drink (0.0, 0.2, 0.4 g/kg alcohol) were 
within-subject factors, and participant sex (male, female) was a between-subject factor. 
Alcohol was found to affect perception of eye gaze in female, but not male, participants. 
After alcohol, women rated male angry faces as looking towards them compared to 
placebo and rated male happy faces as looking away from them after a low dose of 
alcohol compared to a high dose and placebo. 
 
Results to date across these studies indicate that alcohol has selective effects on the 
processing of facial expressions of emotion, and that these effects may differ between 
males and females, and with respect to male and females targets. In particular, we 
observed distinct effects for measures of threshold sensitivity, categorization of complex 
blends of emotion (i.e., ambiguous stimuli), and eye gaze for neutral and emotional faces. 
This suggests that alcohol may have diverse and complex effects on facial processing. 
Importantly, these effects do not appear to be due to expectancy effects. 
 
Our results indicate that alcohol modifies the processing of perceptual cues of emotion, in 
support of our original primary hypothesis. In particular, our data regarding complex 
blends of emotion / ambiguous stimuli supports our hypothesis that these effects may 
contribute to increased likelihood of aggression following alcohol consumption – 
ambiguous negative expressions (e.g., anger-disgust) are more likely to be categorised as 
angry, in particular by male participants and when the target face is male. This is 
consistent with evidence that alcohol-related aggression occurs most frequently in males. 
 
Any questions about these studies should be directed to Dr Marcus Munafò either by 
email (marcus.munafo@bristol.ac.uk) or telephone (0117 9546841). 



In addition, we completed the following pilot studies in parallel to those described above: 
 
Study 4: 
 
This study examined the popular held belief that alcohol increases the perceived 
attractiveness of opposite sex individuals. Eighty-four (50% male) heterosexual social 
drinkers rated the attractiveness of 20 male and 20 female facial stimuli after either 
alcohol or placebo. Participants returned 24 hours later and repeated the rating task. 
Session one drink (0.0, 0.4 g/kg alcohol) and participant sex were between-subject factors 
and target sex was a within-subjects factor. All participants rated the faces as more 
attractive after alcohol regardless of whether the target face was male or female. These 
effects persisted (i.e., at session two) in male participants but only when the target was 
female.  
 
Study 5: 
 
This study examined the effect of glass shape on drinking rate of alcoholic and non-
alcoholic beverages. Eighty (50% male) social drinkers were randomised to receive either 
alcohol (lager) or a soft drink (lemonade) in either a straight or curved glass in a between-
subject design. Drinking topography data were collected and along with ratings of 
perceived half-way point of glasses (latter data collected at a separate session). These 
data are currently being analysed. 
 
Study 6: 
 
We examined the effects of alcohol on detection and distraction of emotional facial cues 
using a face-in-crowd (visual search) paradigm. Thirty (50% male) social drinkers were 
recruited to attend two sessions. Drink (alcohol, placebo), emotion (angry, happy, 
disgusted, sad) and search condition (distracter, target) were within-subject factors, with 
one between-subject factor of participant sex (male, female). These data are currently 
being analysed. 
 
We propose to pursue these novel research directions and are currently preparing 
proposals to seek funding to support this. 
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Abstract


Alcohol consumption has been associated with increases in aggressive
behaviour. However, experimental evidence of a direct association is
equivocal, and mechanisms that may underlie this relationship are poorly
understood. One mechanism by which alcohol consumption may increase
aggressive behaviour is via alterations in processing of emotional facial
cues. We investigated the effects of acute alcohol consumption on
sensitivity to facial expressions of emotion. Participants attended three
experimental sessions where they consumed an alcoholic drink (0.0, 0.2 or
0.4 g/kg), and completed a psychophysical task to distinguish expressive
from neutral faces. The level of emotion in the expressive face varied
across trials the threshold at which the expressive face was reliably
identified and measured. We observed a significant three-way interaction
involving emotion, participant sex and alcohol dose. Male participants


showed significantly higher perceptual thresholds for sad facial
expressions compared with female participants following consumption of
the highest dose of alcohol. Our data indicate sex differences in the
processing of facial cues of emotional expression following alcohol
consumption. There was no evidence that alcohol altered the processing of
angry facial expressions. Future studies should examine effects of alcohol
expectancy and investigate the effects of alcohol on the miscategorisation
of emotional expressions.
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Introduction


Alcohol consumption is widely associated with increased
aggression and interpersonal violence (Plant, 2004), and has
been implicated as an important contributing factor in violent
behaviour and violent crime (Hoaken and Stewart, 2003).
Although experimental research to date generally supports a
link between alcohol and aggression (Bushman and Cooper,
1990; Chermack and Giancola, 1997; Parrott, et al., 2003), a
consensus has yet to be found on the mechanisms underlying
this relationship. Evidence of a direct pharmacological link is
equivocal and alcohol may increase the likelihood of aggres-
sion indirectly by inducing alterations in a number of cognitive,
physiological or affective states (Bushman and Cooper, 1990).
Furthermore, these effects are potentially confounded by


expectancy effects (Quigley, et al., 2002) and individual differ-
ences in both propensity to drink and propensity to engage in
aggressive behaviours (Pihl, et al., 2003).


On the contrary, the detrimental effects of alcohol on cog-
nition and information processing are well described (Hernan-
dez, et al., 2006; Koelega, 1995; Maylor, et al., 1992; Nelson,
et al., 1986; Rohrbaugh, et al., 1988), and these changes may
underlie or mediate any effects of alcohol on aggression. The
appraisal-disruption model of alcohol consumption asserts, for
example, that alcohol dampens the initial appraisal of informa-
tion and that this impairment is cognitively mediated (Sayette,
1993). Although this model specifically describes a dampening
effect of alcohol on the response to stressful situations or sti-
muli, the model suggests that alcohol impairs the encoding of
emotional information by restricting the spread of activation to
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related events in long-term memory. In a similar way, alcohol
may influence the perceptual judgements made in response to
emotional stimuli by impairing the encoding of these stimuli.
For example, a potential mechanism by which alcohol may
facilitate aggression is via alterations in the processing of the
emotional content of facial cues. This model proposes that
acute alcohol consumption may lead to a misattribution of
emotional states, which in turn may increase the likelihood of
an inappropriate behavioural response (e.g., aggressive behav-
iour in response to a perceived negative emotional facial cue).
Although studies have reported impairments to the processing
of emotional facial cues in alcohol dependent participants
(Townshend and Duka, 2003), few have investigated the acute
effects of alcohol consumption on the processing of facial
expression of emotion in social alcohol users.


A recent study reported that low doses of alcohol speeded
the discrimination of happy faces compared with a high dose of
alcohol, with no significant effects on the discrimination of
angry, surprised or sad faces (Kano, et al., 2003). However,
when compared with placebo, this effect of a low alcohol
dose did not reach statistical significance. The interpretation
of these results is further complicated by the use of reaction
time as the dependent variable, as this provides little informa-
tion on the mechanism by which performance is altered after
alcohol. Furthermore, the facial stimuli comprised only four
levels of emotional intensity for each emotion (0%, 33%, 66%
and 100%), which may fail to detect more subtle changes in
emotional processing after alcohol.


A more sensitive measure of emotional processing can be
produced by modifying standard psychophysical tasks, typi-
cally used to measure perceptual sensitivity in visual psycho-
physics. This allows a standard facial stimulus (i.e., neutral
face) to be presented alongside a second facial stimulus (of
the same individual) that varies in the degree of emotional
expression. By using a large range of stimuli varying in inten-
sity between the neutral and emotional expression, across a
number of emotional expressions, and asking participants to
identify the stimulus containing the relevant emotional content
over repeated trials, a measure of perceptual threshold can be
obtained.


In this study we sought to determine the effects of alcohol
dose on perceptual thresholds for detection of facial expres-
sions of emotion using a modified psychophysical task of the
kind described above. Participants attended three sessions, sep-
arated by approximately 1 week, and were tested after con-
sumption of a drink containing 0.0, 0.2 and 0.4 g/kg of alcohol
in a randomised order. On the basis of evidence suggesting that
there may be sex differences in the lateralisation of the proces-
sing of affective facial stimuli (Harrison, et al., 1990), the cere-
bral organisation of systems involved in facial processing (Kill-
gore and Gangestad, 1999) and the patterns of neural
activation in response to affective facial stimuli (Lee, et al.,
2002), we explored differences between male and female parti-
cipants, using male and female cues of emotional facial
expressions.


Methods


Participants


Forty (50% men) social alcohol drinkers (defined as between 10
and 50 units/week for men, and five and 35 units/week for
women) were recruited from the staff and students of the Uni-
versity of Bristol and from the general population by means of
poster and flyer advertisements, and word-of-mouth. Partici-
pants were required to be in good psychological and physical
health, aged between 18 and 40 years, and not currently taking
any psychiatric medication, as verified by self-report. Exclusion
criteria included current use of illicit substances (excluding can-
nabis) and a direct family history of alcoholism (defined as par-
ent and/or sibling). Participants were asked to abstain from
alcohol consumption for 12 h before each test session, and
recent alcohol consumption confirmed by a breath test. Parti-
cipants were paid £10 or awarded course credits as appropriate
at the end of the study.


Materials


For the emotion discrimination task, morphed stimuli continua
were created that changed from a neutral face to a full exem-
plar emotional expression. These sequences were generated
from a database of films of actors performing facial expressions
in front of a Dalsa DS-25-02M30 colour camera (Benton,
et al., 2007). The camera captured high-definition frames
(1920 × 1080 pixels) at 25 Hz. We created six such continua
using one male and one female actor for the expressions of
happiness, sadness and anger.


For each continuum (men and women of happy, sad and
angry), we selected 28 frames (i.e., just over 1 s) from the
video footage that covered the development of each emotional
expression from neutral to the full exemplar. We selected 10
key frames from these 28 (i.e., every third frame), which were
delineated by marking 172 feature points on easily identifiable
facial features (e.g., corner of eyes, outline of lips, etc.) using
Psychomorph software (Tiddeman, et al., 2001). The shape
information from these delineations was used to create morph
sequences of 18 images between each key frame using estab-
lished techniques (Rowland and Perrett, 1995; Tiddeman,
et al., 2001). This generated a sequence of 172 images that
closely follows the actual development of the expression and
avoids morph-induced artefacts that may occur when creating
morphs between a neutral and a full exemplar emotional
expression without considering the time course of expression
development.


Each threshold, therefore, represents a point along a
sequence of 172 images; the sequence contains a facial expres-
sion developing between neutral and the full exemplar emo-
tional expression over a period of 1.12 s. There is no particular
expectation that, within the 1.12 s window, expression onset or
offset occurs at the same time for all actors and their expres-
sions. There is also no expectation that the different expres-
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sions should develop at the same rate. In the present task, it is,
therefore, meaningless to, for example, directly compare the
thresholds obtained for different expressions.


Images were greyscaled and the edges were blurred to dis-
play mean luminance (using Gaussian blur of standard devia-
tion 10 pixels) so that no hard image edges would be present
when the images were displayed on the mean luminance back-
ground. Examples taken from our morph sequences are shown
in Figure 1.


The questionnaire measures comprised the Eysenck Person-
ality Questionnaire – Revised (EPQ-R) (Eysenck and Eysenck,
1991), the Spielberger State-Trait Anxiety Inventory (STAI
State and Trait) (Spielberger, et al., 1983), the Alcohol Use
Disorders Identification Test (AUDIT) (Bohn, et al., 1995),
the Alcohol Urges Questionnaire (AUQ) and visual analogue
scales measuring ratings of ‘happy’, ‘drowsy’, ‘depressed’, ‘anx-
ious’, ‘energetic’, ‘irritable’ and ‘craving a drink’ on a 100 mm
scale ranging from ‘Not at all’ to ‘Extremely’.


Procedure


Each participant attended three sessions, approximately 1-week
apart, at which they received a drink containing 0.0, 0.2 or
0.4 g/kg of alcohol, in a randomised order. The drinks were
made by an experimental collaborator, and administration was
double-blind. Drinks were made using vodka at 37.5% alcohol,
with one part vodka to three parts tonic water, or a placebo
consisting of an equal total volume of tonic water. All drinks
were flavoured using lime cordial and chilled before serving.
Previous studies in our laboratory have indicated that this is


an effective placebo-controlled design, with participants identi-
fying the drink they were administered at chance level during
consumption. Test sessions were held between 12:00 a.m. and
06:00 p.m. and participants attended all their sessions at
approximately the same time of day.


Upon arrival at the first test session participants gave
informed consent and completed a screening procedure to con-
firm their eligibility to take part and were weighed. At the start
of all sessions, readings of exhaled alcohol and carbon monox-
ide were taken. Baseline ratings of mood and craving were
taken (STAI-State, AUQ, VAS). Participants were then pre-
sented with the drink and were given 20 min to consume all
the drink. At session one only, participants also completed
additional self-report measures of drinking behaviour and per-
sonality (AUDIT, EPQ-R and STAI-Trait) during this period.
At the end of the 20-min consumption period, participants
completed post-drink ratings of STAI-State, AUQ and VAS,
before beginning the discrimination task.


Absolute thresholds for the detection of facial expressions
were measured using a two alternative forced choice (2AFC)
task (Goren and Wilson, 2006). Stimuli were displayed on a
visual display unit using the Cogent Graphics extension to
MATLAB (The MathWorks Inc., Natick, Massachusetts,
USA). For each participant, we gathered the following six
thresholds: angry female, happy female, sad female, angry
male, happy male and sad male. Thresholds were gathered
one at a time (i.e., they were not interleaved), and the order
of presentation counter-balanced across participants. As is typ-
ical in a 2AFC task, one of the faces was stimulus-absent (i.e.,
neutral), whereas the other was stimulus-present


Figure 1 Example subset of series of angry, happy and sad emotional expressions.
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(i.e., expressive). For each threshold, the neutral and expressive
faces were taken from the same composite. The expressive faces
were taken from the interpolated image sequences running
between the neutral and full exemplar emotional expression.
The level of expression chosen (the distance along the morph
sequence) was determined using the PEST adaptive psycho-
physical procedure (Findlay, 1978). Image choice was deter-
mined by a modified staircase procedure (Cornsweet, 1962;
Levitt, 1971), using two interleaved staircases, one starting
above threshold and one starting below threshold. Each stair-
case operates by judging (based on a number of previous trials)
whether the images displayed lie below or above threshold. If
there is sufficient evidence that one of these is the case, then the
level is increased or decreased as appropriate. If the levels cross
the threshold, then the step size (i.e., the amount of change
between levels) is decreased so that the procedure gradually
hones in on the threshold over time (Findlay, 1978). We take
the mean of the finishing points of the two staircases as our
estimate of threshold. A high threshold score, for example, sug-
gests low sensitivity to an emotional expression, as substantial
emotional content is required before the expressive face is reli-
ably distinguished from the neutral face. Participants were
instructed to identify which of the two faces contained the rele-
vant emotional expression (i.e., identify the expressive face
from the neutral face) using the arrow keys on a keyboard.
Participants were given feedback after each trial by presenting
the word ‘yes’ or ‘no’ as appropriate. Each stimulus was pre-
sented for 3000 ms and there was a minimum of a 500-ms gap
between stimuli. The display resolution was set to 1024 × 768
pixels and the face images measured by 569 × 410 pixels. The
mean interocular distance was 162 pixels.


On completion of the task, the STAI-State, AUQ and VAS
were completed again. Participants were then reminded that
they may have consumed alcohol and therefore should not
drive, operate heavy machinery or engage in any activity that
they would not normally do after taking alcohol. At the end of
the third session, participants were debriefed and reimbursed as
appropriate.


Statistical analysis


All analyses were performed using SPSS v.12.0 (SPSS Inc.,
Chicago, Illinois, USA). Data were analysed using a 3 × 2
mixed model repeated measures ANOVA, with alcohol dose
(0.0, 0.2, 0.4 g/kg alcohol) as a within-subjects factor and par-
ticipant sex (male, female) as a between-subjects factor. For the
analysis of threshold data, target sex (male, female) and target
emotion (angry, happy, sad) were included as additional
within-subjects factors, whereas for the analysis of question-
naire data, time (baseline, pre-task, post-task) was included as
a within-subjects factor. Significant interaction effects were
explored using simple effects ANOVA.


Age was included as a covariate in the analysis of threshold
data. Additional analyses were run with STAI-Trait (for the
analysis of STAI-State data only) and AUDIT scores (for the


analyses of threshold and questionnaire data) included as cov-
ariates, and these results are reported where effects differed
from the unadjusted analysis. Order of alcohol dose adminis-
tration was included, but removed if non-significant.


Where there was evidence of a violation of the assumption
of sphericity, as assessed by Mauchly’s test, statistics corrected
using the Greenhouse Geisser method are reported. An α-level
of 0.05 was maintained throughout, except in the case of VAS
data where an α-level of 0.007 was used, corrected for seven
independent tests using Bonferroni’s method.


Results


Participant characteristics


Participants had a mean age of 23 years (SD = 4, range 19–38)
a mean AUDIT score of 13 (SD = 6, range 4–33) and a mean
STAI-Trait score of 38 (SD = 10, range 21–61). Male and
female participants did not differ significantly on age, STAI-
Trait score or EPQ-R score (P > 0.09); however, there was a
significant difference on AUDIT score between male (M = 15,
SD = 6) and female (M = 11, SD = 5) participants (P = 0.034).


Questionnaire data


Summary questionnaire data for STAI-State, AUQ and VAS
ratings are presented in Table 1.


For STAI-State data, there was a significant main effect of
time (F[1.6, 61.9] = 4.57, P = 0.020) indicating higher scores
post-task (M = 32, SD = 10), compared with pre-task
(M = 30, SD = 9, P = 0.001) but not baseline (M = 31, SD = 8,
P = 0.23). There was also a trend towards a significant
time × alcohol dose interaction (F[2.7, 103.6] = 2.34,
P = 0.084). No other main effects or interactions were signifi-
cant (P > 0.25). When STAI-Trait and AUDIT scores were
included as covariates, the main effect of time and the
time × alcohol dose interaction were no longer significant
(P > 0.13).


For AUQ data, there was a significant alcohol dose × parti-
cipant sex interaction (F[2, 76] = 3.37, P = 0.040), and a trend
towards a significant time × alcohol dose interaction (F[3.1,
119.1] = 2.29, P = 0.079). No other main effects or interactions
were significant (P > 0.12). When AUDIT score was included
as a covariate, the alcohol dose × sex and time × alcohol dose
interactions were no longer significant (P > 0.10).


For the VAS data, there was a main effect of time on rat-
ings of ‘happy’ (F[1.4, 53.9] = 10.36, P = 0.001), ‘drowsy’ (F[2,
76] = 12.65, P < 0.001) and ‘energetic’ (F[2, 76] = 28.77,
P < 0.001), reflecting a decrease in ratings of ‘happy’ and ‘ener-
getic’, and an increase in ratings of ‘drowsy’ over time. There
was also a significant time × participant sex × alcohol dose
interaction for ratings of ‘happy’ (F[5, 152] = 4.53; P = 0.002).
Post-hoc tests indicated that the alcohol dose × participant
sex interaction was significant post-task (F[2, 76] = 7.40,
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P = 0.001), but not at baseline or pre-task (P > 0.13). Further
post-hoc tests indicated that post-task ratings of ‘happy’ were
higher among men (M = 78, SD = 14) compared with women
(M = 64, SD = 17) participants in the 0.0 g/kg condition
(P = 0.006), but not in the 0.2 g/kg or 0.4 g/kg conditions
(P > 0.50). No other main effects or interactions were signifi-
cant (P > 0.10). When AUDIT score was included as a covari-
ate, these results were not altered substantially.


Threshold data


For the threshold data, there were significant main effects of
target sex (F[1, 37] = 12.71, P = 0.001) and emotion (F[1.5,
53.7] = 18.79, P < 0.001). There were also significant emo-
tion × target sex (F[1.3, 46.3] = 4.09 P = 0.040) and emo-
tion × participant sex (F[2, 74] = 4.60, P = 0.013) interactions,
but these were not explored further, in the former case because
of difficulty interpreting absolute differences between stimulus
types (see above), and in the latter case because this was sub-
sumed under a significant three-way interaction (see below).


There was a significant emotion × alcohol dose × participant
sex interaction (F[4, 148] = 3.34, P = 0.012). Post-hoc tests
stratified by emotion showed a significant alcohol dose × parti-
cipant sex interaction for sad expressions (F[2, 74] = 3.95,
P = 0.024), but not for other expressions (P > 0.39). Further
post-hoc tests for sad expressions only indicated that male
and female participants did not differ in the 0.0 g/kg or
0.2 g/kg conditions (P > 0.11) alcohol dose conditions. How-
ever, men showed significantly higher thresholds compared
with women in the 0.4 g/kg condition (P = 0.005). These data
are presented graphically in Figure 2.


No other main effects or interactions were significant
(P > 0.08). The inclusion of AUDIT score as a covariate did
not alter these results substantially.


Table 1 Mean (SD) STAI-State, AUQ and VAS ratings of ‘drowsy’, ‘energetic’ and ‘happy’, by time, alcohol dose and participant sex


Measure Dose
g/kg


Males (n = 20) Females (n = 20) Combined (n = 40)


Time 1 Time 2 Time 3 Time 1 Time 2 Time 3 Time 1 Time 2 Time 3


Pre-drink Post-drink Post-task Pre-drink Post-drink Post-task Pre-drink Post-drink Post-task


STAI-State 0.0 31 (12) 31 (7) 30 (9) 31 (6) 30 (11) 33 (12) 31 (9) 31 (9) 32 (11)
0.2 31 (12 30 (12) 30 (7) 30 (7) 30 (8) 31 (11) 31 (10) 30 (10) 30 (9)
0.4 30 (11) 29 (9) 33 (11) 33 (8) 31 (12) 35 (12) 32 (10) 30 (10) 34 (12)


AUQ 0.0 12 (13) 14 (13) 14 (12) 13 (8) 11 (9) 9 (7) 13 (11) 13 (11) 11 (10)
0.2 8 (9) 9 (9) 8 (11) 13 (9) 12 (10) 13 (10) 10 (9) 11 (10) 11 (11)
0.4 11 (12) 13 (14) 16 (3) 9 (9) 11 (12) 12 (13) 10 (10) 12 (13) 14 (13)


VAS ‘drowsy’ 0.0 40 (24) 41 (22) 43 (22) 38 (23) 45 (21) 46 (24) 39 (23) 43 (22) 45 (23)
0.2 41 (26) 43 (21) 50 (28) 39 (25) 39 (24) 52 (25) 40 (25) 41 (23) 51 (26)
0.4 40 (27) 45 (27) 56 (28) 41 (24) 42 (26) 56 (26) 40 (25) 44 (26) 56 (27)


VAS ‘energetic’ 0.0 64 (17) 61 (16) 52 (23) 51 (16) 49 (16) 40 (14) 57 (18) 55 (17) 46 (20)
0.2 66 (21) 60 (18) 53 (21) 51 (16) 46 (18) 42 (18) 58 (20) 53 (19) 48 (20)
0.4 57 (18) 52 (18) 43 (20) 53 (18) 48 (22) 39 (24) 55 (18) 50 (20) 41 (22)


VAS ‘happy’ 0.0 74 (19) 76 (15) 78 (14) 73 (11) 69 (16) 64 (17) 73 (16) 73 (15) 71 (17)
0.2 75 (21) 71 (20) 67 (21) 74 (13) 75 (12) 71 (14) 74 (17) 73 (16) 69 (18)
0.4 76 (17) 72 (18) 67 (19) 71 (13) 72 (16) 67 (19) 74 (15) 72 (17) 67 (19)


Figure 2 Detection thresholds for angry, happy and sad facial
expressions of emotion among female and male participants by alcohol
dose. Detection thresholds for angry, happy and sad emotional expressions
among male and female participants are presented by alcohol dose (0.0,
0.2 and 0.4 g/kg). Higher thresholds of detection were observed for men
compared with women in the highest dose of alcohol condition. Error bars
represent SEM.
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Discussion


Our data indicate that alcohol modifies the perceptual thresh-
old for facial expressions of sadness among male compared
with female participants. These effects did not appear to be
due to alterations in subjective mood ratings or differences
between male and female participants in self-reported alcohol
consumption behaviour.


Kano, et al. (2003) reported faster discrimination of happy
facial expressions in male participants following a low dose
(0.14 g/kg) compared with a higher dose (0.56 g/kg) of alcohol,
with no effects of alcohol on sad, angry or surprised facial
expressions. These authors argue that the dose-related effects
that they observed on the processing of happy facial expres-
sions might have been mediated by the biphasic effects of alco-
hol, whereby low doses of alcohol induce stimulant-like effects
that may selectively influence the processing of happy facial
stimuli, compared with higher doses that induce depressant
effects. In comparison, using the threshold task, our study did
not find any effects on the processing of happy emotional
expressions after the lower alcohol dose, although impairment
in the processing of sad emotional expressions was observed in
male participants compared with female participants in the
higher dose of alcohol condition. Our visual analogue mood
data also did not show the biphasic dose effects discussed by
Kano, et al. (2003). For example, male participants reported
lower ratings of happiness after alcohol compared with placebo
and to baseline. However, these effects occurred in both 0.2
and 0.4 g/kg alcohol conditions to a comparable degree. The
lack of biphasic dose effects in this study may be due to our
lower dose of alcohol (0.2 g/kg) being higher than the ‘low’
dose (0.14 g/kg) used by Kano, et al. (2003). However, Kano,
et al. (2003) also failed to report dose-dependent effects on self-
reported ratings of ‘depressed’ (‘happiness’ was not measured).
Although other measures may be required to fully explore the
role of any biphasic effects of alcohol, our findings provide lit-
tle evidence to suggest that the mood-altering effects of alcohol
mediated the effects observed on the processing of emotional
expressions.


Comparisons between our findings and those of Kano, et al.
(2003) are complicated by the differences in the design of the
two studies, and the different tasks used. Kano, et al. (2003)
presented participants with sequential single stimuli, which
had to be classified according to the emotion. One problem
with such methodologies is that they can tell us little about
the mechanisms leading to differences in performance on the
tasks. For example, with these tasks we cannot determine
whether alcohol-related changes in performance are the result
of changes in the perceptual processing of the stimuli or are a
consequence of differences in later cognitive processes. In tra-
ditional psychophysics, the 2AFC method is used to determine
a criterion-free estimate of the ‘Just Noticeable Difference’
between two stimuli. However, one should be aware that one
cannot guarantee what information is being used by subjects to
make their decisions. A judgment might be based on a general


impairment of the detection of low-level spatial differences
between the images that correspond with the increasing expres-
sion, rather than upon the expression itself. However, our find-
ings of sex differences in the detection of sad, but not other,
emotional expressions following alcohol consumption suggest
that participants based their judgments on the emotional con-
tent of the faces. If, for example, decisions were based on low-
spatial information, there would be no reason to expect differ-
ent results across emotional expressions.


Our data provide no evidence that alcohol increases sensi-
tivity to emotional expressions of anger. Therefore, the hypoth-
esis that an alcohol-induced disruption to the processing of
facial emotional expressions directly influences the aggressive
behaviour associated with alcohol consumption is not sup-
ported. It is plausible that this effect may be mediated by
other factors such as level of intoxication, individual drinking
patterns or expectancy. One explanation for the impaired pro-
cessing of sad facial expressions in men compared with women
following alcohol consumption that we observed in our study
may be that these effects are mediated by alcohol-induced dis-
ruption of a brain region that is selectively involved in the pro-
cessing of sad emotional expressions. In support, neurobiologi-
cal evidence suggests that separate cognitive systems may be
involved in the processing of different emotional expressions
(Adolphs, et al., 1996; Adolphs, et al., 1994). In a study of 37
patients with brain damage, Adolphs, et al. (1996) reported
greater impairment of the recognition of sad and fearful faces
compared with other negative expressions, including angry
faces, whereas processing of happy facial expressions was rela-
tively unimpaired. The amygdala has been identified as being
involved in the processing of fearful facial expressions in both
clinical (Adolphs, et al., 1994, 1999) and healthy samples (Mor-
ris, et al., 1996). Although, less research has been conducted on
other emotional expressions, the amygdala has also been impli-
cated as being involved in the processing of sad facial expres-
sions, whereas the orbitofrontal cortex and anterior cingulate
cortex have been implicated in the processing of angry facial
expressions (Blair, et al., 1999).


On the contrary, however, the pharmacological effects of
alcohol are widespread, affecting several important neurotrans-
mitter systems including GABA, glutamate, serotonin and
dopamine (Chastain, 2006; Nutt and Peters, 1994). Therefore,
alcohol may influence the processing of sad facial expressions
differentially in men and women via a less-selective mecha-
nism. For example, Adolphs, et al. (1996) suggest that negative
emotions, particularly those of fear and sadness, are more dif-
ficult to identify and therefore potentially more prone to dis-
ruption in patients with brain damage. Therefore, our finding
of impaired processing of sad facial expressions in men com-
pared with women following alcohol consumption, but not of
happy and angry facial expressions, may be due to the greater
difficulty associated with this version of the task. Alternatively,
the sex differences we observed may be in part because of the
greater levels of empathy and empathic behaviours reported in
women (Hoffman, 1977; Toussaint and Webb, 2005). Female
participants may be less impaired by alcohol consumption
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when presented with sad facial expressions because of a greater
responsiveness to negative emotions in others.


There are some limitations to our study which should be
considered. First, there was a significant difference between
the AUDIT scores of male and female participants. However,
higher rates of alcohol consumption among men, compared
with women, are not uncommon, particularly in an undergrad-
uate student population. Additional statistical analyses were
conducted including AUDIT as a covariate, which did not
change the results of our threshold data analysis substantially
but did render many of the effects observed in our analyses of
questionnaire data non-significant. Second, our sample showed
high AUDIT scores that are indicative of potential problem
drinking. This may be due to a high proportion of our partici-
pants coming from a student population. A weekly alcohol
consumption criterion was enforced to explicitly exclude very
light and very heavy alcohol consumers; however, future stud-
ies should directly compare the effects of high and low alcohol
consumption, or compare alcohol dependent and non-
dependent groups, using the current paradigm. Third, although
we investigated thresholds for the detection of facial expres-
sions of emotion, with respect to our primary hypotheses on
the possible mechanisms that mediate any relationship between
alcohol consumption and aggression, it might be more appro-
priate to investigate the mis-categorisation of one emotion as
another (e.g., happy as angry). Future studies should therefore
include measures of categorisation and threshold. Fourth, and
finally, our data provide no information on the impact of
expectancy on the processing of emotional face cues, and it is
not clear whether merely being told that one is drinking alcohol
would elicit a similar effect. Expectancy has consistently been
shown to play an important role in the effects of many drugs.
However, it is difficult to effectively manipulate expectancy in
a dose–response study where there are more than two drink
conditions, and also difficult to manipulate when using a
within-subjects design, in part for ethical reasons. A future
study should examine the effects of alcohol and alcohol expec-
tancy on the 2AFC task using a balanced-placebo design.


Despite these limitations our study provides some important
findings. Specifically, our data suggest that men may differ
from women in the perceptual processing of sad emotional
expressions, but not happy or angry emotional expression, fol-
lowing the consumption of alcohol, which may be related to
the lower levels of empathy often reported in men (Toussaint
and Webb, 2005). The differential effects obtained in threshold
scores between male and female participants support previous
work, suggesting that sex differences exist in the recognition
and processing of emotional content of facial expressions
(Guntekin and Basar, 2007), and emphasise the importance of
grouping participants by sex in future studies and exercising
caution when generalising results from single-sex studies to
the wider population. Further research should establish
whether the effect of alcohol on the perception of emotion is
mediated by other factors such as drinking history, but the
present data suggest that if a relationship exists between the


disruption of the processing of angry facial stimuli and aggres-
sion, it is, at best, indirect.
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Abstract


We recently demonstrated that alcohol elicits a difference between men
and women in perceptual threshold for facial expressions of sadness.
However, this study did not include a manipulation of alcohol expectancy.
Therefore, we sought to determine whether these effects may be due to
the expectation of having consumed alcohol. Male and female participants
(n = 100) were randomised using a balanced-placebo design to receive
either an alcoholic or a non-alcoholic drink and to be told that this was
alcoholic or non-alcoholic. Participants completed a psychophysical task
which presented male and female faces expressing angry, happy, and sad
emotions. Analysis of threshold data indicated a significant two-way
interaction of drink × target emotion, reflecting a higher threshold for the
detection of sad facial expressions of emotion, compared with angry or


happy expressions, in the alcohol condition compared with the placebo
condition. We did not observe any evidence of sex differences in these
effects. Our data indicate that alcohol modifies the perceptual threshold
for facial expressions of sadness. Unlike our previous report, we did not
observe evidence of sex differences in these effects. Most importantly, we
did not observe any evidence that these effects were due to expectancy
effects associated with alcohol consumption.


Key words
alcohol; balanced-placebo; emotional expression; expectancy; face
processing


Introduction


There has been substantial recent concern regarding the effects
of alcohol on aggressive behaviour and violent crime (Plant,
2004). In particular, arguments against the liberalisation of
licensing laws and the greater availability of alcohol have
included evidence that alcohol consumption increases levels of
aggressive behaviour and leads to an increased risk of violence
and violent behaviour (Hoaken and Stewart, 2003). To date,
however, the evidence that alcohol directly leads to increased
aggressive behaviour is equivocal (Bartholow and Heinz, 2006)
and confounded by evidence that such effects may operate indi-
rectly, at least partially, via expectancy effects: consumption of
alcohol may lead to an increase in aggressive behaviour due to


the expectation that this is a consequence of alcohol consump-
tion (Quigley, Corbett, and Tedeschi, 2002).


There is only limited evidence investigating direct links
between alcohol consumption and aggressive behaviour. More
importantly, even if one accepts that there is a causal link
between alcohol consumption and aggression, the mechanisms
(either direct or indirect) that may subserve this association
remain largely unknown. This reduces the options available
when attempting to educate adolescents and young adults
regarding the possible consequences of alcohol consumption,
and this also reduces the factual information available to policy
makers regarding the effects of alcohol consumption.


One possible mechanism by which acute alcohol consump-
tion may lead to an increase in aggressive behaviour is via
alterations in the expression and processing of emotional facial
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cues (Parrott, Zeichner, and Stephens, 2003). According to this
model, modification to the processing of emotional facial cues
following alcohol consumption may lead to a misattribution of
emotional states and a corresponding increase in the likelihood
of an inappropriate behavioural response (e.g., aggressive
behaviour in response to a perceived negative emotional facial
cue). Although several studies have reported impaired proces-
sing of emotional facial cues in alcohol-dependent participants
(Townshend and Duka, 2003), few have investigated the acute
effects of alcohol consumption on the processing of facial
expression in social alcohol users. These effects in social alco-
hol users are more relevant to the question of whether
increased access to alcohol may result in increased aggressive
behaviour, with subsequent social costs.


Generally, the relationship between alcohol consumption
and the processing of emotional expressions may be relevant
to the understanding of the mechanisms of alcohol use. For
example, a number of theoretical models propose that alcohol
consumption serves to attenuate stress and negative affect (Say-
ette, 1999; Steele and Josephs, 1988) which may in turn con-
tribute to the dependence potential of alcohol through negative
reinforcement processes. Modifications in the processing of
facial expressions of emotion might comprise a part of this
mechanism. For example, either a decreased sensitivity to neg-
ative emotional expressions or an increased sensitivity to posi-
tive emotional expressions (or both) following alcohol con-
sumption might in turn serve to increase positive affect or
decrease negative affect. The appraisal-disruption model, for
example, proposes that alcohol serves to interfere with the
interpretation of stressful information (Sayette, 1993) such
that alcohol consumption should result in decreased sensitivity
to negative emotional expressions.


To date, to the best of our knowledge, only two studies
(Attwood, et al., in press; Kano, et al., 2003) have reported evi-
dence that acute alcohol consumption may modify perceptions
of emotional facial cues. However, one of these (Kano, et al.,
2003) was limited due to the lack of a placebo (i.e., zero alco-
hol) condition, and the measurement of perceptions of emo-
tional facial cues using reaction times to identify expressions,
as opposed to detection thresholds for these expressions. The
use of four expressions for each emotion in this study (repre-
senting 33% morphs) precluded the detection of any subtle
changes in detection threshold which may result from alcohol
consumption. In addition, the nature of the task (i.e., reaction
time to identify the expression) may measure some mechanism
other than the fundamental detection of emotion in a facial
expression (i.e., threshold). Importantly, this study also only
investigated male volunteers, precluding the investigation of
sex differences in perceptions of emotional male and female
facial cues.


It is possible to modify standard psychophysical tasks, typi-
cally used to measure thresholds in visual psychophysics (the
Just Noticeable Difference), to measure perceptual sensitivity
to small changes in facial expressions. The technique (referred
to as two alternative forced choice, or 2AFC) involves pairing
a standard stimulus (for example, a neutral face) with a set of


comparison stimuli that vary in the variable of interest (so, in
this case, a set of images of the same individual that vary in the
intensity of emotional expression; such images can be gener-
ated using established morphing techniques). This allows
greater sensitivity to subtle changes, due to the larger number
of stimulus images, and may provide more insight into possible
mechanisms than measures of response time. The reason for
this is based on signal detection theory which regards sensory
decisions as influenced by both the sensitivity of the system and
the bias of the participant (i.e., willingness to make a positive
response). The standard 2AFC task is a criterion free task – the
measure produced is a measure of the sensitivity of the system.
In contrast, the use of reaction times does not have such a
strong theoretical basis, and it is likely that a response may
be influenced both by the participant’s willingness to respond
and by the ability to detect the stimulus. We recently used such
a psychophysical procedure to demonstrate that alcohol modi-
fies the perceptual threshold for facial expressions of sadness
among male compared with female participants (Attwood,
et al., in press).


However, our recent study (Attwood, et al., in press) was
limited because it did not include a manipulation of alcohol
expectancy. Psychopharmacological studies of the effects of
alcohol rarely include an expectancy manipulation to deter-
mine whether it is the effects of alcohol or the expectation of
the effects of alcohol which lead to any observed changes. The
balanced-placebo design allows the direct investigation of these
competing possibilities, by manipulating both the ingestion of
either drug or placebo by the participant, and the belief on the
part of the participant that he or she is ingesting either drug or
placebo. The effects of both drug and expectancy can therefore
both be investigated, as well as possible interaction effects
between these factors.


Therefore, we sought to extend on our previous work and
determine whether either acute alcohol consumption or the
expectation of having consumed alcohol, or both, among social
alcohol users induces any differences in sensitivity to the per-
ceptual cues of facial emotional expression, using a modified
psychophysical procedure. In particular, we sought to explore
whether the selective effect of alcohol on the processing of sad
emotional expressions observed in our previous study is due to
alcohol consumption or expectancy effects. We also explored
differences between men and women, using both male and
female cues of facial expressions of emotion.


Methods


Experimental design and overview


Male and female participants attended a single testing session
and completed a psychophysical task to measure sensitivity to
facial expressions of emotion after consuming a drink. They
were randomised using a balanced-placebo design to receive
either an alcoholic or a non-alcoholic drink and to be told
that they would receive an alcoholic or a non-alcoholic drink.
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The psychophysical task presented male and female faces
expressing angry, happy, and sad emotions in counter-
balanced order across participants.


Therefore, the experimental design consisted of three
between-subjects factors of drink (placebo, alcohol), expec-
tancy (told placebo, told alcohol), and sex (male, female) and
two within-subjects factors of target sex (male, female) and tar-
get emotion (sad, angry, happy). The alcohol manipulation was
conducted double-blind and between-subjects (unlike our pre-
vious study which was within-subjects) to avoid compromising
the expectancy manipulation. Therefore, a selective effect of
alcohol on a specific emotional expression should be indicated
by a significant drink × target emotion interaction.


Participants


Male and female (n = 100; 50% male) social alcohol consumers
(defined as ≥10 and ≤50 Units/week for males and ≥5 and
≤35 Units/week for women, confirmed by self-report) were
recruited from the staff and students at the University of Bris-
tol and the general population. Participants received either £10
or course credit for participation, as appropriate. The study
was approved by the Faculty of Science Research Ethics
Committee.


After providing informed consent, participants completed a
screening process consisting of an interview conducted by a
trained researcher to ensure good physical and psychiatric
health. Exclusion criteria included drug dependence (excluding
caffeine and nicotine) and significant current or past medical or
psychotic illness. Participants were also required to be free
from medication and illicit substances, were free from any
Axis 1 or 2 psychiatric diagnoses, have no family history of
alcoholism, verified by self-report, and were required to abstain
from alcohol for 24 h prior to the study, with recent abstinence
confirmed by breath test.


Materials


To generate stimuli that capture prototypical characteristics of
each emotional expression, we created composite male and
female images for neutral, happy, sad, and angry images (Row-
land and Perrett, 1995). These composite images are ‘average’
faces made by morphing together all of the individual faces in
the Ekman and Friesen Pictures of Facial Affect series (Ekman
and Friesen, 1976). Male composites for each emotion were
made from the four individuals in the series (EM, JJ, PE, and
WF). Female composites were constructed from the six indivi-
duals in the series (C, MF, MO, NR, PF, and SW). These com-
posites can be seen in the top (neutral) and bottom (angry,
happy, sad) rows of Figure 1.


To measure discrimination thresholds for facial expressions,
we created morph sequences of 201 images running from neu-
tral to the full exemplar facial expressions in 0.5% morph incre-
ments (Rowland and Perrett, 1995), using the male and female
composites representing angry, happy, and sad emotions. An


example of a subset of these morphed images can be seen
between the top and bottom rows in Figure 1.


The questionnaire measures used included the Alcohol Use
Disorders Identification Test (AUDIT) (Bohn, Babor, and
Kranzler, 1995), the Eysenck Personality Questionnaire –


Revised (EPQ-R) (Eysenck and Eysenck, 1991), the Spielberger
State-Trait Anxiety Inventory (STAI State and STAI Trait)
(Spielberger, Gorusch, Lushene, Vagg, and Jacobs, 1983), the
Alcohol Urges Questionnaire (AUQ) (Bohn, Krahn, and
Staehler, 1995), and visual analogue scales (VAS) of mood,
anxiety, and craving, comprising the items ‘happy’, ‘drowsy’,
‘depressed’, ‘ anxious’, ‘energetic’, ‘irritable’, and ‘craving a
drink’ rated on a 100-mm scale from ‘Not At All’ to
‘Extremely’.


Procedure


On test days, participants were randomised to receive either
0.4 g/kg of alcohol, using vodka at 37.5% alcohol, with one
part vodka to three parts tonic water, or a placebo consisting
of an equal total volume of tonic water. All drinks were chilled
and flavoured with lime cordial. Previous studies in our labo-
ratory have demonstrated that this is an effective placebo-
controlled design, with participants identifying the drink they
are administered at chance level. Participants were further ran-
domised to be told that they were either receiving an alcoholic
drink or a non-alcoholic drink, and their drinks clearly labelled
as ‘Vodka and Tonic’ or ‘Tonic Water’ accordingly. All drinks
were prepared and labelled by a third party such that the exper-
imenter administering the drinks was blind to their true alcohol
content.


Baseline ratings included self-report measures of personal-
ity, mood and craving (AUDIT, EPQ-R, STAI State, STAI
Trait, AUQ, VAS). Participants were then given their drink
to consume in a 15-minute period and were explicitly told
that it did or did not contain alcohol in accordance with the
expectancy manipulation. Following consumption of the
drink at the end of the 15-minute period, participants com-
pleted self-report measures of mood and craving (STAI State,
AUQ, VAS).


Absolute thresholds for the detection of facial expressions
were measured using a 2AFC task. Stimuli were displayed on
a visual display unit using the Cogent Graphics extension to
MATLAB (The MathWorks Inc., Natick, Massachusetts).
For each participant, we gathered the following six thresholds:
angry female, happy female, sad female, angry male, happy
male, and sad male. Thresholds were gathered one at a time
(i.e., they were not interleaved), and the order of presentation
was counter-balanced across participants. Each threshold was
measured using 100 trials; each trial consisted of two adjacent
faces presented on a mean luminance background. As is typical
in a 2AFC task, one of the faces was stimulus absent (i.e., neu-
tral), whereas the other was stimulus present (i.e., expressive).
For each threshold, the neutral and expressive faces were taken
from the same composite. The expressive faces were taken from
the morph sequences running between the neutral and full
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Figure 1 Example subset of series of facial expressions of emotion. To measure perceptual thresholds for facial expressions of emotion, we created
morph sequences of facial expressions running from neutral to the full exemplar facial expressions of angry, happy, and sad emotions in 0.5% morph
increments. An example subset of these series (descending, from left to right, female angry, female happy, female sad, male angry, male happy, male
sad) is presented in 20% increments.
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exemplar facial expressions. The level of expression chosen (the
distance along the morph sequence) was determined using the
QUEST adaptive psychophysical procedure (Watson and Pelli,
1983). Participants were instructed to indicate the most expres-
sive face using the arrow keys on a keyboard. Participants were
given feedback after each trial by presenting the word ‘yes’ or
‘no’ as appropriate. The use of feedback has the advantage that
participants will tend to make fewer errors, and the subsequent
estimates of threshold will, therefore, be more accurate.
Thresholds were determined by fitting Weibull functions to
the resulting data and by estimating the stimulus level (i.e.,
degree of morphing) at which participants would response cor-
rectly 82% of the time. Each stimulus was presented for
3000 msec, and there was a minimum of a 500 msec gap between
stimuli. The display resolution was set to 1024 × 768 pixels, and
the face images were measured by 569 × 410 pixels. The mean
interocular distance was 162 pixels.


On completion of the psychophysical task, participants
completed self-report measures of mood and craving (STAI
State, AUQ, VAS) and completed an awareness check to test
whether they were aware of whether they received alcohol or
placebo. Participants were then unblinded with respect to the
alcohol condition to which they had actually been allocated,
irrespective of the expectancy condition to which they had
been allocated, for safety and ethical reasons.


Statistical analysis


Data were analyzed within a 2 × 2× 2 mixed model repeated
measures analysis of variance (ANOVA) framework, with
drink (given placebo, given alcohol), expectancy (told placebo,
told alcohol), and sex (male, female) as between-subjects fac-
tors. For the analysis of threshold data, target sex (male,
female) and target emotion (sad, angry, happy) were also
included as within-subjects factors, whereas for the analyses
of questionnaire data, time (baseline, pre-task, post-task) was
also included as a within-subjects factor.


An α level of 0.05 was maintained throughout, except in the
case of VAS measures where an α level of 0.007 was used, cor-
rected for 7 independent tests using Bonferroni’s method. All
analyses were performed using SPSS v.12.0 (SPSS Inc., Chi-
cago, Illinois).


Results


Characteristics of participants


Participants were aged on average 24 years (SD = 6 years,
range 18–40 years), began testing at 14:40 (SD = 112 min,
range 12:04–18:18), and had an average AUDIT score of 12
(SD = 5, range 3–25).


A series of 2 × 2 × 2 ANOVAs, with drink (given placebo,
given alcohol), expectancy (told placebo, told alcohol), and sex
(male, female) as between-subjects factors, were conducted to


assess the matching of participants in the eight cells of the
experimental design on a number of variables. These indicated
that participants did not differ in AUDIT or STAI Trait scores
(P > 0.05). There was a significant expectancy × sex interaction
with respect to age (P = 0.006), a significant main effect of
expectancy with respect to start time (P = 0.027), a significant
drink × expectancy × sex interaction with respect to EPQ-R
Extraversion score (P = 0.014), and a significant main effect
of sex with respect to EPQ-R Neuroticism score (P = 0.005).
Therefore, we included age, start time, EPQ-R Extraversion,
and EPQ-R Neuroticism as supplementary covariates in our
subsequent analyses.


Box and whisker plots indicated that three participants had
outlying threshold scores which resulted in the exclusion of
these three participants such that the final sample for analysis
consisted of n = 97 participants.


Questionnaire measures


A series of 2 × 2 × 2 × 3 mixed model repeated measures ANO-
VAs, with drink (given placebo, given alcohol), expectancy
(told placebo, told alcohol), and sex (male, female) as
between-subjects factors and time (baseline, pre-task, post-
task) as a within subjects factor, were used to examine STAI
State, AUQ, and VAS data.


State anxiety For STAI State data, there was a significant
time × expectancy interaction [F(2,88) = 4.74, P = 0.011], a
marginal drink × expectancy interaction [F(1,89) = 3.19,
P = 0.078], and a significant time × drink × expectancy interac-
tion [F(2,88) = 5.86, P = 0.004]. No other main effects or inter-
actions were significant (P > 0.23). Post-hoc tests stratified by
drink condition indicated that among participants in the pla-
cebo condition, the time × expectancy interaction was non-
significant [F(2,43) = 2.38, P = 0.10], whereas among those in
the alcohol condition, it remained significant [F(2,44) = 7.66,
P = 0.001]. Further post-hoc tests to further clarify this com-
plex interaction indicated that, among participants in the alco-
hol condition only, the expectation of alcohol was significantly
associated with an increase in STAI State score from baseline
to pre-task and a subsequent decrease from pre-task to post-
task [F(1,22) = 6.02, P = 0.023], whereas the expectation of pla-
cebo was associated with the opposite pattern of a decrease
followed by an increase [F(1,25) = 10.22, P = 0.004]. These
results were not altered substantially by the inclusion of age,
start time, EPQ-R Extraversion, and EPQ-R Neuroticism as
covariates in the model.


Alcohol craving For AUQ data, there was a marginal main
effect of time [F(2,88) = 2.90, P = 0.061]. Within-subjects con-
trasts indicated that the marginal main effect of time reflected a
significant quadratic relationship [F(1,89) = 4.43, P = 0.038],
with no change in AUQ score from baseline to pre-task
[t(96) = −1.10, P = 0.23] and a significant increase from pre-
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task to post-task [t(96) = 1.65, P = 0.020]. No other main
effects or interactions were significant (P > 0.10).


Visual analogue scales For VAS data, there were significant
main effects of time for happy [F(2,88) = 8.73, P < 0.001], indi-
cating a decrease over time; drowsy [F(2,88) = 25.11,
P < 0.001], indicating an increase over time; energetic
[F(2,88) = 21.14, P < 0.001], indicating a decrease over time;
and craving a drink [F(2,88) = 5.21, P = 0.007], indicating an
increase from baseline to pre-task and a decrease from pre-
task to post-task. No other main effects or interactions were
significant (P > 0.02) at an adjusted α level of 0.007. However,
when age, start time, EPQ-R Extraversion, and EPQ-R Neu-
roticism are included as covariates in the model, the main
effects of time were non-significant in all cases (P = 0.30), and
no other main effects or interactions were significant
(P > 0.03).


Emotional threshold task


A 2 × 2 × 2 × 2 × 3 mixed model repeated measures ANOVA,
with drink (given placebo, given alcohol), expectancy (told pla-
cebo, told alcohol), and sex (male, female) as between-subjects
factors and target sex (male, female) and target emotion
(angry, happy, sad) as within subjects factors, was used to
examine threshold data.


Main effects For threshold data, there were significant main
effects of target emotion [F(2,88) = 261.98, P < 0.001], target
sex [F(1,89) = 23.89, P < 0.001], sex [F(1,89) = 10.95,
P = 0.001], and drink [F(1,89) = 6.96, P = 0.010]. The main
effect of drink indicated higher thresholds in the alcohol condi-
tion (M = 0.12, SD = 0.01) compared with the placebo condi-
tion (M = 0.11, SD = 0.01). In addition, the main effect of sex
indicated higher thresholds for male participants (M = 0.12,
SD = 0.01) compared with female participants (M = 0.11,
SD = 0.01). Finally, the main effects of target emotion and tar-
get sex were not explored further because these relate to differ-
ences across stimulus sequences and are therefore problematic
to interpret.


Two-way interactions There were significant two-way inter-
actions of sex × target emotion [F(2,88) = 4.77, P = 0.011], tar-
get sex × target emotion [F(2,88) = 11.65, P < 0.001], and
drink × target emotion [F(2,88) = 3.57, P = 0.032]. The critical
drink × target emotion interaction indicated no difference in
thresholds between the alcohol and placebo conditions for
angry [alcohol: M = 0.11, SD = 0.02; placebo: M = 0.12,
SD = 0.02; t(95) = 1.56, P = 0.21] and happy [alcohol:
M = 0.09, SD = 0.01; placebo: M = 0.09, SD = 0.01;
t(95) = 0.45, P = 0.51] expressions but indicated higher thresh-
olds in the alcohol condition compared with the placebo condi-
tion for sad expressions [alcohol: M = 0.14, SD = 0.02; female
faces: M = 0.12, SD = 0.02; t(95) = 6.20, P = 0.015]. This sug-
gested a selective impairment in the recognition of sad emo-


tional expressions following alcohol consumption. In addition,
the sex × target emotion interaction indicated no difference in
threshold for happy expressions between male and female par-
ticipants [male participants: M = 0.09, SD = 0.01; female parti-
cipants: M = 0.09, SD = 0.01; t(95) = 1.07, P = 0.30] but indi-
cated higher thresholds for male participants compared with
female participants for both angry [male participants:
M = 0.12, SD = 0.02; female participants: M = 0.11,
SD = 0.02; t(95) = 5.22, P = 0.024] and sad [male participants:
M = 0.14, SD = 0.02; female participants: M = 0.13,
SD = 0.02; t(95) = 6.16, P = 0.015] expressions. Finally, the
target emotion × target sex interaction effect was not explored
further because this relates to differences across stimulus
sequences and is therefore problematic to interpret. The critical
drink × target emotion interaction is presented graphically in
Figure 2.


Three-way interactions Finally, there was a significant three-
way interaction of expectancy × target sex × target emotion
[F(2,88) = 3.16, P = 0.047]. Post-hoc tests indicated lower
thresholds for male faces compared with female faces for
angry in the placebo expectancy condition [male faces:
M = 0.11, SD = 0.02; female faces: M = 0.12, SD = 0.03;
t(48) = 2.24, P = 0.029] but not in the alcohol expectancy con-
dition [male faces: M = 0.11, SD = 0.02; female faces:
M = 0.11, SD = 0.02; t(47) = −0.78, P = 0.44]. Importantly,
there were no significant interaction terms involving target
emotion, expectancy, and drink (P > 0.12).


No other main effects or interactions were significant
(P > 0.09). These results were not altered substantially by the
inclusion of age, start time, EPQ-R Extraversion, EPQ-R Neu-
roticism, or STAI State anxiety as covariates in the model.


Awareness check


At the end of testing, participants were asked to identify what
drink (alcohol or placebo) they thought they had consumed.
This was not done immediately after consumption to avoid
contaminating or undermining the expectancy challenge. Parti-
cipants were accurate in 70% of cases which was significantly
better than chance [t(96) = 4.30, P < 0.001].


Discussion


Our data indicate that alcohol modifies the perceptual thresh-
old for facial expressions of sadness, in partial support of our
previous report (Attwood, et al., in press). These effects did not
appear to be due to alterations in subjective mood ratings.
However, unlike our previous report, we did not observe evi-
dence of sex differences in these effects. This may be due to
limited power, given the between-subjects design necessitated
by the balanced-placebo design we used to manipulate both
alcohol consumption and expectancy. Alternatively, our previ-
ous finding of a sex difference in the effects of alcohol may
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have been a chance finding. Most importantly, we did not
observe any evidence that the effects of alcohol on the proces-
sing of facial expressions of sadness were due to expectancy
effects associated with alcohol consumption. Although we
observed main effects of target emotion and target sex and a
significant target emotion × target sex interaction effect, these
are problematic to interpret because they rely on comparisons
across different stimulus sequences. Therefore, we do not dis-
cuss these effects further. This problem does not arise for the
drink × target emotion interaction effect, where the effect of
drink on perceptual threshold for facial expressions of sadness
occurs within a specific stimulus sequence. Although we
observed a main effect of alcohol, this is difficult to interpret
– a global effect of alcohol may represent a deficit in emotion
recognition or may instead reflect more general impairment in
task performance. Unfortunately, our data do not allow us to
test this possibility directly.


Although our results differ in specific terms from those of
Kano and colleagues, both sets of studies support the
appraisal-disruption theory (Sayette, 1993), by together sug-
gesting increased sensitivity to positive emotional expressions
(Kano, et al., 2003) and decreased sensitivity to negative emo-
tional expressions in the present study and our previous work
(Attwood, et al., in press). The differences between our results
and those of Kano and colleagues may simply reflect differ-
ences in the tasks used. In particular, as discussed below, the
2AFC task we used may represent a more specific measure of
threshold sensitivity to potentially ambiguous facial expres-


sions of emotion, as opposed to the speed with which a rela-
tively unambiguous emotional expression can be explicitly
recognised. Future studies should perhaps use multiple mea-
sures to assess potentially distinct components of the mechan-
isms involved in the detection and processing of emotion. More
importantly, to explicitly test whether these effects that we have
observed may indeed influence response to stress, as predicted
by the appraisal-disruption theory, future studies should use a
similar approach within the context of a stress-challenge
procedure.


In traditional psychophysics, the 2AFC method is used to
determine the Just Noticeable Difference between two similar
stimuli. As this is effectively a change detection technique,
thresholds in psychophysics are considered to reflect differences
in visual processing and are therefore criterion-free: they
should not depend on cognitive strategies used by the perceiver.
Our task is derived from these criterion-free procedures, but the
participant’s task is to judge which of the two faces presented is
saddest, angriest, or happiest. Therefore, one may still question
whether our task is truly criterion-free – in other words, the
relationship between the participants’ judgement of emotion
and their visual processing is not entirely clear. Participants
may be able to tell that two images are different (i.e., are per-
ceptually discriminable) without being able to judge which is
displaying more or less emotion (i.e., the emotional content of
the stimuli may not be discriminable). Although our 2AFC
task does not allow us to determine with confidence that
changes in emotion discrimination are due to perceptual or
other mechanisms, our technique should still be more sensitive
to small changes in the judgement of emotional stimuli than
previous work, simply due to the large number of stimuli
used in each of our morph sequences and the adaptive probit-
estimation procedure used in our test sessions.


There are several important limitations to our study which
should be considered when interpreting these results. First, we
only included a single dose of alcohol, as opposed to a range of
doses. This is because the use of a balanced-placebo design
with multiple doses is challenging, and we wished to first estab-
lish whether or not the effects of expectancy should be incorpo-
rated into future experiments. Our results indicate that this
may not be necessary, and that future studies should also
explore the effects of higher doses of alcohol. Second, our sam-
ple demonstrated high levels of potential problem drinking (as
indicated by high scores on the AUDIT). This may reflect the
large number of undergraduate students who were participants,
and it suggests caution in generalizing these results to other
populations. Although we explicitly excluded very light and
very heavy drinkers, our study lacked the statistical power to
include another between-subjects factor of heaviness of drink-
ing, and future studies should explicitly investigate differences
between light and heavy drinkers. Third, although we investi-
gated thresholds for the detection of facial expressions of emo-
tion with respect to our primary hypotheses regarding possible
mechanisms which mediate any relationship between alcohol
consumption and aggression, it might be more appropriate to
investigate the miscategorisation of one emotion as another


Figure 2 Thresholds for detection of facial expressions of emotion
grouped by alcohol condition. Mean thresholds for the detection of facial
expressions of emotion are presented for expressions of angry, happy, and
sad emotions, grouped by alcohol condition. In the alcohol condition, the
threshold for the detection of sad emotional expressions is higher than in
the placebo condition. There are no differences between the alcohol and
placebo conditions for angry and happy emotional expressions. Error bars
represent SEM.
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(e.g., happy as angry). Therefore, future studies should include
measures of both categorisation and threshold. Fourth, current
status and past psychiatric history were verified by brief inter-
view, and it is possible that participants with psychiatric illness
may have been included. However, although this might
influence performance on the facial expression task, there is
no reason to suppose that these individuals would have been
differentially represented in the experimental groups, given
the randomisation procedures we used. Fifth, and finally, par-
ticipants were able to identify whether or not they had received
alcohol by the end of the experiment significantly better than
would be expected by chance. This suggests that they were able
to identify which drink they had consumed, although it was not
possible to test awareness immediately following consumption
as this would have undermined the expectancy manipulation.
Previous studies in our laboratory have indicated that the pro-
cedure we used is effective in blinding participants to the drink
condition during consumption, but of course after a sufficient
period of time has elapsed, the pharmacological effects of the
alcohol will begin to be noticeable. Therefore, this should be
borne in mind when interpreting these results.


In conclusion, we observed that alcohol modifies the per-
ceptual threshold for facial expressions of sadness, in partial
support of our previous report (Attwood, et al., in press),
although we did not observe evidence of sex differences in
these effects. Most importantly, we did not observe any
evidence that the effects of alcohol on the processing of facial
expressions of sadness were due to expectancy effects associ-
ated with alcohol consumption. Future studies should investi-
gate differences between light and heavy drinkers and use
alternative measures of emotional processing, such as the mis-
categorisation of one emotion as another.
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