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Abstract

Alcohol and sexual arousal are contextual determinants of condomless sex. Dual-process theory postulates that two types of
cognitive processing contribute to the regulation of behavior: one that is fast, intuitive and automatic, and another that is slower
and deliberative. This study applied a dual-process model to investigate condomless sexual behavior, highlighting the potential
importance of implicit attitudes in condomless sex. We investigated whether the impact of alcohol and sexual arousal on condom
use-related attitudes and intentions was explained by diminished working memory capacity, as dual-process models suggest. We
also investigated whether this effect could be explained by implicit and explicit attitudes toward condom use. Male participants
(N=30) were randomized using a 2 X 2 within-subjects design that manipulated alcohol intoxication (placebo vs. alcohol bever-
ages) and sexual arousal (neutral vs. erotic movie clips). We measured participants’ working memory capacity, intentions to use a
condom, and explicit and implicit attitudes toward condom use. Significant main effects of alcohol intoxication and sexual arousal
on working memory capacity were found. No significant interaction was found for the combined effect of alcohol intoxication and
sexual arousal on intentions to use a condom. There was no significant effect of implicit attitudes on intentions to use a condom,
although a trend toward significance (p =0.06) was found for the effect of implicit attitudes on intentions to use a condom when
participants were in a state of alcohol intoxication. Theoretical and practical implications of this study are discussed.
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Introduction

Condomless sex, which leaves sexual partners unprotected
against sexual transmission of infections and unwanted preg-
nancy, is still an important health-related hazard. Globally, large
numbers of people attain sexually transmitted infections (STI’s)
on a daily base. For example, the European Centre for Disease
Prevention and Control (ECDC, 2014) estimated this number
in Europe to be around 380,000 per year. The majority of sexu-
ally transmitted infections are attained by means of condomless
sex (UNAIDS, 2016). Theoretical models and interventions to
explain and reduce condomless sex have mostly been based on
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cognitive models of behavior, such as the theory of planned
behavior (Ajzen, 1985). However, more and more evidence
accumulates indicating that contextual factors also play an
important part in determining condomless sex.

Determinants of condomless sex have been investigated in
studies using global, situational, event-level, and experimental
designs. Compared with global designs, situational and event-
level studies enable investigating contextual determinants
of condomless sex. However, these designs do not allow for
causal inferences regarding the effects on condomless sex of
the factors of interest, while experimental study designs do
(Palfai & Luehring-Jones, 2021). We note that the literature
is skewed toward global and situational designs. Event-level
studies have linked alcohol consumption to number of occa-
sions of unsafe sex (Cooper, 2002, 2006; Cooper & Orcutt,
1997; Davis et al., 2009; Leigh, 2002). The experimental lit-
erature on alcohol intoxication and intentions to use condoms
is still scarce (for a review, see Scott-Sheldon et al., 2016). The
available experimental evidence strongly suggests that alcohol
lowers people’s intentions to use a condom (Davis et al., 2015;
MacDonald et al., 2000; Maisto et al., 2012; Norris et al., 2009;
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Scott-Sheldon et al., 2016; Wray et al., 2015). In a series of
experiments, George et al. (2009) showed that the effect of
alcohol was fully mediated by sexual arousal. More specifi-
cally, alcohol consumption led to subjective feelings of sexual
arousal, which in turn resulted in stronger intentions to engage
in unsafe sex. This mediating effect of sexual arousal was rep-
licated by (Davis et al., 2009). Sexual arousal moderated the
associations of implicit and explicit condom use attitudes with
condom use intentions in an experimental study among under-
graduate students (Wolfs et al., 2019). When the participants
were not aroused, their intentions to use a condom were exclu-
sively predicted by their explicit attitudes toward condoms.
However, in a sexually aroused state, condom use intentions
were predicted by both explicit and implicit attitudes.

Alcohol use and sexual arousal should therefore both be
taken into consideration when trying to understand why people
exhibit unsafe sexual behavior. Although higher alcohol expec-
tancies were found to predict stronger intentions for condomless
sex (Fromme et al., 1999; Palfai & Luehring-Jones, 2021), the
findings mainly came from cross-sectional studies. However,
Scott-Sheldon et al. (2016), in their meta-analysis of the avail-
able experimental evidence from studies into the link between
alcohol use and condom use intentions, concluded that alcohol
use itself, but not alcohol expectancies, was causally related to
greater intentions for condomless sex.

The Reflective-Impulsive Model

To understand how contextual influences have an effect on
condom use, a dynamic model of condomless sex is needed.
Dual-process models seem to be especially suited to do so. An
application of these models is the Reflective Impulsive Model
(RIM: Strack & Deutsch, 2004). According to the RIM, behav-
ior is a joint outcome of two parallel cognitive systems; the
reflective and the impulsive system. The impulsive system is
conceptualized as an associative network in which informa-
tion is processed automatically and effortlessly. Associations
in the impulsive system are strengthened when stimuli appear
in close proximity of each other. The impulsive system appears
like a simple memory system representing simple perceptual
concepts. For example, after having had multiple pleasurable
sexual encounters without a condom, sex-related cues would
make one long for sex without a condom. An example of such
cue could be the perception of genital sexual arousal. Sexual
arousal would then be linked to the act of sex in the associative
network, which would in turn trigger the impulsive behavior to
have sex without a condom.

The reflective system, on the other hand, relies on logic and
rule-based reasoning for processing information. It requires
mental effort and can only operate when sufficient cognitive
resources are available. It generates explicit judgments, atti-
tudes, and decisions that, put together, form action plans in new
situations (Lieberman et al., 2002; Strack & Deutsch, 2004).
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For example, given that the goal is to protect oneself from sexu-
ally transmitted infections, the reflective system has an influ-
ence on condomless sex based on logical reasons rather than
associative cues. It can override impulses to have sex without
a condom. To do so, the reflective system needs to be able to
flexibly interpret concepts and link them together in new ways
to form new meanings and behavioral outcomes (e.g., “Sex
without a condom would be more pleasurable, but I don’t know
this person’s ST status and I know STT’s are prevalent, and thus
I should use a condom in this sexual encounter””) (Hummel &
Holyoak, 2003). To be able to override the impulsive system,
the reflective system requires mental effort. In the present study,
in accordance with the RIM (Strack & Deutsch, 2004), mental
effort is operationalized as working memory capacity. With a
low working memory capacity, the reflective system can no
longer override the impulsive system, and the latter will have a
larger influence on the behavior at hand.

The negative effects of alcohol on working memory and
executive functioning have been extensively documented.
Alcohol negatively affects executive functioning in general,
including cognitive processes such as selective attention,
task switching, and working memory (Baddeley et al., 2001;
Paulus et al., 2006; Saults et al., 2007; Schweizer et al., 2006;
Weissenborn & Duka, 2003). Moderate doses of alcohol have
been linked to decreases in visual as well as auditory work-
ing memory capacity (Saults et al., 2007). A dose—response
association of executive function performance with increas-
ing blood alcohol level (BAL) has been demonstrated (Finn
etal., 1999). Although most studies showed a negative effect of
alcohol on working memory capacity, mixed results have also
been found. Schweizer et al. (2006) failed to find a significant
effect of alcohol on a verbal task, but did identify its effect on
a visual-spatial memory task. However, when using a different
visual-spatial memory task, Paulus et al. (2006) found no effect
of alcohol. Another study using a pattern-recognition task only
found an effect of alcohol on respondent's planning ability, but
not on their working memory (Weissenborn & Duka, 2003).
An alternative explanation for these mixed results might be
that trait working memory had a confounding effect. A study
using the backward digit-span test found that the effect of alco-
hol performance was limited to individuals with a high trait
working memory (Finn et al., 1999). In short, most scientific
evidence indicates that alcohol intoxication reduces working
memory capacity.

While several studies have been published on the effect of
alcohol on working memory capacity, there are no studies that
directly investigated the effect of sexual arousal on working
memory capacity. However, indirect support for such effect
has been found. van Lankveld and Smulders (2008) found that
sexual pictures capture attention as shown by a lower P300-sig-
nal on an oddball task. This finding was corroborated by Car-
valho et al. (2011) using movie clips instead of pictures. In
their experiment, sexually arousing movie clips also caused a
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larger decrease in the P300-signal than neutral movie clips. We
hypothesize that sexual arousal will thus have a negative effect
on working memory capacity, because it captures attention.
Consequently less working memory capacity remains available
for explicit cognitions about safe sex.

In this study, we explored whether the Reflective-Impulsive
Model can explain the negative effect of alcohol and sexual
arousal on intentions to use a condom. We investigated a sample
of male students, because we expected stronger effects in men,
as compared with women (Scott-Sheldon et al., 2016). A first
step is to check whether the assumption based on the RIM, that
being in a state of alcohol intoxication or sexual arousal reduces
working memory capacity. If alcohol and sexual arousal reduce
working memory capacity, we still need to investigate whether
working memory capacity has a moderating effect on the influ-
ence of both explicit and implicit cognitions on intentions to
use a condom. The model predicts that, if participants are in a
neutral state and have ample working memory capacity at their
disposal, intentions to use a condom will be determined solely
by explicit cognitions. If, however, working memory capacity
is reduced, implicit cognitions regarding condom use will have
a larger effect on intentions to use a condom. We tested the
following hypotheses: (1) Alcohol and sexual arousal reduce
working memory capacity. The effects of alcohol and sexual
arousal on working memory capacity are additive. (2) Alcohol
and sexual arousal have a negative effect on intentions to use a
condom. (3) There is a main effect of explicit attitudes on inten-
tions to use a condom. This main effect represents the model’s
assumption that when people are not under the influence of
alcohol or sexual arousal, their behavior will be predicted by
their explicit cognitions. (4) Alcohol intoxication moderates the
effect of implicit attitudes and explicit attitudes toward condom
use on intentions to use a condom. This represents the model’s
assumption that, when people are under the influence of alcohol
and therefore have a diminished working memory capacity,
implicit associations will have a larger effect on intentions to
use a condom. Explicit attitudes will have a smaller effect on
intentions to use a condom compared to when participants are
in a neutral state. (5) There is a moderating effect of sexual
arousal on the effect of implicit attitudes and explicit attitudes
toward condom use on intentions to use a condom. This rep-
resents the model’s assumption that, when people are sexu-
ally aroused and therefore have a diminished working memory
capacity, implicit associations will have an effect on intentions
to use a condom. Explicit attitudes will have a smaller effect
on intentions to use a condom compared to when participants
are in a neutral state.

Method
Participants

Participants were recruited at Maastricht University using
(digital) flyers as well as via several Facebook groups of
Maastricht University students specifically set up to recruit
participants for scientific studies in multiple disciplines. Par-
ticipants received a monetary compensation of €75. Inclusion
criteria were age 18 to 35, male and heterosexual (or at least
being turned on by straight porn). In total, 30 participants
were tested. All reported being heterosexual. Participants
had a mean age of 23.50 (SD =4.20). Most (N=14) had a
German background, four participants were Dutch, and ten
participants were in the “other” category, which for exam-
ple included people with a Brazilian, Czech and American
background. Most participants were single (N = 18), ten par-
ticipants were in a steady relationship while two participants
reported being in an open relationship. The average lifetime
number of sexual partners with whom they had unsafe sex at
least once was 6.63 (SD = 10.30, median =3). Table 1 pre-
sents an overview of the participants’ main baseline charac-
teristics. Participants scored average on trait working mem-
ory, with the exception of the first task (repeating letters),
which was performed slightly above average as defined by
the standard scores of the WAIS-III (see Measures for more
information). Participants had rather positive attitudes toward
condoms, except for pleasure, which is the only attitude with
amean score that falls below half of the possible range on this
subset of questions. To investigate whether relationship status
was related to condom use intentions (e.g., Mevissen et al.,
2011; Protogerou & Turner-Cobb, 2011), a binary logistic

Table 1 Baseline measurements of explicit attitudes toward condoms,
trait working memory, and demographic variables

Measure Range Min Max Mean SD
Age 1835 19 33 2350 4.20
Number of partners with unsafe ~ 0-50 0 50 6.63 10.30
sex
MCAS
Reliability 5-35 17 35 29.03 3.86
Pleasure 5-35 5 29 1830 5.90
Stigma 5-35 5 35 3027 5.66
Embarrassment (negotiation) 5-35 5 35 2980 5.75
Embarrassment (purchase) 5-35 8 35 2747 645
Standardized WAIS scores
Total 3-60 6 42 3383 4.73
Repeating numbers 1-20 17 17 1223 285
Calculus 1-20 6 15 1040 2.19
Letters and numbers 1-20 7 15 11.20  1.80
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regression analysis was performed with relationship status
(single or open relationship vs. steady relationship) as to-be-
predicted variable. Relationship status was not associated
with condom use intentions at baseline.

Design

This study used a 2 X 2 within-subjects design with alcohol
intoxication (placebo vs. alcohol beverages) and sexual arousal
(neutral vs. erotic movie clips) as within-subjects factors. The
order of the alcohol intoxication and sexual arousal conditions
was randomized using a Latin square. The experiment consisted
of two sessions, separated by a week, that were identical to each
other, with the exception that the first session contained baseline
measures of trait working memory capacity.

Materials
Experimental Manipulation
Alcohol Administration

After completing baseline measures, participants were
weighed and were asked to consume three beverages, that
either contained alcohol or placebo. The placebo drinks con-
tained a mix of orange juice and flattened tonic water, follow-
ing the protocol used by Norris et al. (2009) and George et al.
(2009). The bitterness of the flattened tonic water mimics the
taste of alcohol. Also, one ml of vodka was carefully placed
on top of the drink, so that the first sip of the drink would
taste like it contained vodka, to make it harder to distinguish
the placebo drink from the alcoholic drink. Adding this small
spoon of vodka did not increase the BAL, as all participants
in this condition scored a BAL of 0.00 on the breathalyzer
test after beverage consumption. In the alcoholic drinks, the
flattened tonic water was replaced with vodka. We aimed at
maintaining a blood alcohol level of 0.05 until the end of the
experiment (two hours after consumption), because this con-
forms to the legal limit in traffic in the Netherlands, ethical
approval could not be obtained for higher doses, and higher
doses might interfere with genital sexual arousal (Cooper,
2002; George et al., 2009). Although higher alcohol dos-
ages have been linked to stronger decreases in executive
functioning (Finn et al., 1999), the chosen dose should be
able to reduce (visual) working memory capacity (Saults
et al., 2007). We used the Widmark equation that takes the
consumer’s weight and gender into account to estimate the
required volume of alcohol to reach a certain blood alco-
hol level. Drinks in this condition were prepared by adding
the required amount of vodka in a glass of orange juice and
flattened tonic water. Participants were asked to consume a
total of three beverages and to finish each beverage within
approximately five minutes.
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Sexual Arousal

Sexual arousal was induced by having participants watch a
5-min erotic movie clip. The erotic movie clip showed a het-
erosexual couple engaging in oral sex and subsequently in
(unprotected) vaginal penetration. The clips were pilot-tested
for being sufficiently sexually arousing and have been used in
other studies (e.g., Grauvogl et al., 2015; Wolfs et al., 2019).
In the neutral condition, participants watched a 5-min clip
from the television show BBC Earth showing documentaries
on the arctic and on time-lapse photography.

To ensure participants in the experimental condition
stayed aroused after watching the video clip, they heard the
audio from an erotic movie via a headphone set while they
performed the working memory task. In the control condi-
tion, participants heard the audio from the BBC Earth docu-
mentary. The n-back working memory task, which was used
for measuring working memory capacity, is a demanding
cognitive task and therefore will act as a distractor and lead
to a decrease in sexual arousal (Geer & Fuhr, 1976). This
decrease in sexual arousal is more apparent in genital sexual
arousal compared to subjective sexual arousal (Abrahamson
etal., 1985; van Lankveld & van den Hout, 2004).

Measures

For the explicit measures (condom use intentions, subjective
sexual arousal, subjective alcohol intoxication and explicit
attitudes), 100-mm visual analog scales (VAS) were used
with two opposite statements at both sides of the line (e.g., “I
do not feel sexually aroused at all” and “I feel very sexually
aroused”). Participants were asked to place a mark on the
scale indicating where they felt they were on the spectrum
between the two extreme statements.

Manipulation Checks
Genital Arousal

Genital arousal was assessed using an indium/gallium-in-
rubber penile gauge. Changes in penile circumference were
recorded as DC signal changes. The gauges were disinfected
before each use, using Cidex® OPA (Johnson & Johnson), a
high-level disinfectant for medical devices. They were soaked
for five minutes and then air-dried. Participants applied the
plethysmograph themselves; they were instructed to place
the strain gauge two-thirds of the way down the shaft of the
penis toward the base. The gauges were calibrated after each
laboratory session using a calibration cone.
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Subjective Arousal

Subjective arousal was measured using one item: “How sexu-
ally aroused do you feel at the moment?” with “Not aroused
at all” and “Very aroused” at both ends of a VAS.

Alcohol Intoxication

An AlcoTrue C® breathalyzer was used to measure the
amount of alcohol in participants’ breath. It is CE-certi-
fied and comes with disposable mouthpieces to guarantee
hygienic testing.

Subjective Intoxication

Subjective intoxication was measured using one item: “How
intoxicated do you feel at the moment?” with “Not at all
intoxicated” versus “Very intoxicated” at both sides of a
VAS. After participants had consumed three beverages, they
estimated how many of those beverages contained alcohol (0,
1,2, or 3 glasses) using a forced choice question “How many
of these beverages do you think contained alcohol?”

Working Memory
Trait Working Memory

Trait working memory was assessed using three tasks that
belong to the working memory capacity subset of the WAIS-
III. The WAIS-III in general, as well as the subset of work-
ing memory tasks, has been validated (Tulsky & Price,
2003). The first task required the participants to remember a
sequence of letters that they had to repeat either in forward
or backward order. The second task consisted of several math
problems that were read out aloud and that participants had to
solve without taking any notes. During the final task, partici-
pants first listened to a sequence of characters and numbers,
then repeated the sequence of characters first in chronologi-
cal order, and then in alphabetical order. Using the manual
of the WAIS-III (Wechsler, 1997), scores were standardized
according to the participants’ age group.

State Working Memory

State working memory was measured using an n-back task
(Jaeggi et al., 2003). Inquisit 3 was used to run the n-back
working memory task. During this task, participants had
to remember if the visual stimulus, a character they saw on
screen was the same as they saw N stimuli ago. The value
of N was two, three, and four in three consecutive blocks of
trials. Before the test trials started, participants practiced the
task for all three values of N. After this practice, they received
feedback on how well they performed. Once the actual task

started, feedback was no longer provided. The script of Jaeggi
et al. (2003) immediately calculated the score on the working
memory task, by subtracting the number of missed trials from
the number of correct trials. The outcome of this difference
was then divided by 5. Higher scores represent larger state
working memory.

Outcome Variables
Implicit Associations

Implicit condom attitudes were assessed using an Implicit
Association Test (Greenwald et al., 2003) consisting of 5
blocks. In the first block (18 trials), participants catego-
rized words in two attribute categories (positive/negative)
that were displayed in the upper left and right corners of the
computer screen. The positive category was represented by
the words “Gift,” “Peace” and “Healthy,” while the negative
category was represented by the words “Hate,” “War” and
“Disease.” In the second block (congruent practice, 36 trials),
participants categorized words into the same attribute cat-
egories, while a second target category of pictures was also
introduced. Target labels were “safe sex” (penetration with a
condom) and “unsafe sex” (penetration without a condom).
These categories were represented by three pictures each,
displaying either a penetration with or without a condom. The
setup of the third block (congruent test, 48 trials) was similar
to the second block. In the fourth block (incongruent practice,
36 trials), the positions of the attribute categories (e.g., safe
sex/unsafe sex) on top of the screen were swapped. In order
to categorize positive/negative words, participants now had
to press the opposite keys of the ones in blocks one to three.
The positions of “safe sex” and “unsafe sex” remained the
same. The fifth (incongruent test) block (48 trials) had the
same setup as the fourth block.

Calculation of Guttman’s split-half reliability was per-
formed after removing latency scores below 400 ms and
above 2500 ms. Coefficients for the IAT test trials (blocks 3
and 5) were 0.92 and 0.97 in the neutral condition and 0.95
and 0.96 in the erotic condition. These findings indicated
satisfactory reliability (Bluemke & Friese, 2008).

Explicit Attitudes

Participants were asked to imagine they met someone at a
local bar with whom they really hit it off. After talking for a
while, they then proceeded to head home, and an opportunity
for sex arose. We then asked participants to rate on a VAS
how wise (very unwise — very wise), pleasant (very unpleas-
ant — very pleasant), hard (very hard — very easy) or good
(very bad idea — very good idea) it would be to use a condom
in this situation. VAS scores on all items were summed up.
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The internal consistency for this scale in the current sample
was high (x=0.84).

Condom Use Intentions

Intentions were also measured using a VAS. To reduce the
potential impact of participants’ relationship status on the
measurement of condom use intentions participants were
primed with a script depicting a casual sexual encounter.
Our condom use intention scale consisted of three items.
Participants first answered a question assessing how likely
it would be that they would use a condom in the future (very
unlikely—very likely), unrelated to the aforementioned imagi-
nary situation. Then, they were asked whether they intended
to use a condom in the aforementioned imaginary situation
(very unlikely—very likely). Next question was how much
trust they had that they would use a condom, even if their
casual partner would not like to in that situation (very little
trust—a lot of trust). Finally, we asked them whether, if there
was no condom present, and there was no way of obtain-
ing one, they would still have sex in this situation (very
unlikely—very likely). The internal consistency for this scale
was insufficient (¢ =0.33). However, after deleting the first
item (I intend to use a condom in the future), @ was found to
rise to 0.79. The first item seems to measure general inten-
tions to use a condom, whereas the other three items are
situational intentions to use a condom. We therefore deleted
the first item and retained three situational items to measure
intentions to use a condom. We also investigated the exter-
nal validity of this scale by correlating the scale scores with
past behavior, quantified as the number of sexual partners
they had had unsafe sex with. For this purpose participants
answered the question “How many different partners have
you had unsafe sex with in the past?” A significant negative
correlation was found between number of unsafe partners and
intentions to use a condom (r=—0.49; p=0.007), suggesting
satisfactory convergent validity of the scale.

Risk Perception

Risk perception was measured using a two-item scale. We
asked participants to estimate the chance that they would
ever attain an STI in their life (very small-very large chance).
Using the same situation that was used to assess the explicit
attitudes, we asked them how large they believed the chance
was their partner would have an STI and how large the
chance was they would attain an STI from this encounter.
The internal consistency of scale with these three items was
low («=10.618), but after deleting the first item (“How likely
is it that you will get an STI at one point in your life?”’) the
internal consistency rose to a=0.85. We therefore deleted the
general item from the scale and retained the two situation-
specific items.
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Procedure

Upon entering the laboratory, participants were asked to read
an information letter, explaining that the study was intended
to measure the effect of sexual arousal and alcohol on work-
ing memory, reaction times to computer tests and condomless
sex. Then, they were asked to sign an informed consent state-
ment. Subsequently, it was checked whether they were sober
using the AlcoTrue C® breathalyzer (Bluepoint-Medical,
Selmsdorf Germany).

Three drinks were them consumed. One minute after par-
ticipants finished their third drink another breathalyzer test
was administered, to assure there was no lingering alcohol
present in participants’ saliva that could confound the meas-
urement. Next, they were verbally instructed how to apply the
penile plethysmograph, then privately applied the plethysmo-
graph. Next, a baseline penile circumference measurement
was performed. Subsequently, participants rated their level
of subjective sexual arousal, their subjective level of intoxi-
cation, and how many of the drinks they had consumed they
believed contained alcohol.

After all baseline measures were completed, participants
viewed a five-minute video clip that was either erotic or neu-
tral in nature. They wore headphones to hear the sound of the
movie clip while watching the video on screen. After they
watched this video, without any further instruction participants
were asked to complete measures of explicit attitudes, risk per-
ception, and intentions. Next, the n-back task was administered
on screen while participants still could hear the audio from
the video clip through the headphones but were not shown
the visual content. This was done in order to try and maintain
sexual arousal during the working memory task (Geer & Fuhr,
1976). Finally, participants performed an Implicit Association
Test to assess their implicit attitudes toward condom use.

After participants had completed one condition (erotic or
neutral), they were given a break to wash out any carry-over
effects from the sexual arousal manipulation. During this ten-
minute break, they were asked to play some casual games on
a tablet computer. The sexual arousal washout period has been
used before in within-subjects designs of studies into sexual
arousal effects on condom use intentions (e.g., Wolfs et al.,
2019). After this break, participants completed the other con-
dition. This concluded the first day of testing for participants.

Participants were asked to return to the laboratory for a
second session exactly one week later (same day of the week
and same hour). This second session was identical to the first
one with the exception that there were no baseline measure-
ments at the beginning of the session and that participants
were assigned to the opposite beverage conditions in the
second session. The order of beverage condition and sexual
arousal condition was counterbalanced between participants.

This protocol was approved by the medical ethical commit-
tee of the Zuyderland Hospital in Heerlen, the Netherlands,
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and by the Ethics Review Committee Psychology and Neu-
roscience at Maastricht University, the Netherlands.

Statistical Analysis

We used IBM SPSS 24 for all statistical analyses. Firstly,
average explicit attitude scores were calculated. VAS scores
were reversed if necessary to ascertain that higher scores rep-
resented a positive attitude toward condom use or a strong
intention to use a condom. Average intentions to use a condom
and risk perception were also measured using a VAS and their
average score was calculated the same way. The D600-score
was calculated for the reaction times on the Implicit Associa-
tion Test, according to the formula of (Greenwald et al., 2003).
Reaction times (RTs) below 400 ms, that are considered to
reflect outliers due to random responding, were discarded and
RTs higher than 2500 ms, presumedly reflecting responses
during slips of attention, were replaced with 2500 ms. Error
trial RTs were replaced with the mean RT of the participant’s
correct responses in the same block in which the error occurred
plus a 600 ms penalty. Positive D600-scores of the test trials
represent a positive implicit attitude toward condom use.

For regression analyses, an unstructured covariance matrix
was used, with a random intercept and a random slope per per-
son. Predictor variables were centered before they were entered
into the regression models. To test the first hypothesis, the score
on the n-back task was used as dependent measure, sexual
arousal and alcohol were entered as fixed factors, while trait
working memory was inserted into the model as a covariate.

To test the second hypothesis, a mixed regression analysis
was used. An unstructured covariance matrix was used, with
arandom intercept and a random slope per person. Intentions
to use a condom was used as a dependent variable, and sexual
arousal and alcohol were used as fixed factors.

Hypotheses three, four and five were tested using one
single mixed regression analysis. An unstructured covari-
ance matrix was used, with random intercept, and a random
slope per person. Explicit attitudes, implicit attitudes, risk
perception, and the interactions between implicit attitudes
and condition, and between explicit attitudes and condition
were used as covariates.

Statistical Power Calculation

Assuming a medium-size effect (d=0.25) and a medium-
size correlation between measurements of 0.5, a power of
=0.80 was achieved for the two-way within-subjects inter-
action term with a minimum sample size of 28 participants.
Condom use intentions were measured four times during
each experimental condition. Correlation coefficients of con-
dom use intention scores within each condition ranged from
0.20 <r<0.78 (average r=0.43), confirming the estimation
used in our power analysis.

Results
Manipulation Check

In the neutral condition, changes in penile circumference, meas-
ured in mm, ranged from —4.74 to 192.08. Since this increase of
192 mm in the neutral condition is an extreme outlier and is most
likely due to a measurement error rather than an actual increase,
data of this participant were omitted in further data processing.
Of the remaining participants, changes in penile circumference
in the neutral condition ranged from —4.74 to 14.38 M =1.52;
SD=3.92). In the erotic condition, changes in penile circumfer-
ence ranged from —2.04 to 21.73 (M =4.96; SD=4.94).

In the sober condition, BAL was O for all participants.
However, subjective intoxication level in this condition
ranged from 0 to 66 (M =20.98; SD=19.83). In the alco-
hol condition, BAL ranged from 0.20 to 0.64 (M =0.49;
SD=0.11). Subjective intoxication level ranged from 9.00
to 100.00 M =55 > 82; SD =24.33) in the alcohol condition.

Significant differences were found between conditions
for BAL (#(28)=23.7; p<0.001), subjective intoxica-
tion (#(27)=7.28; p<0.001), genital arousal (#(27)=5.49;
p<0.001), and for subjective arousal (#(28)=4.87; p <0.001).

The Effects of Alcohol and Sexual Arousal
on Working Memory Capacity

Descriptive statistics and bivariate correlation coefficients
of the key variables are shown in Table 2. Explicit condom
attitudes were found to have the strongest associations with
condom use intentions across conditions (0.79 <r<0.77).
The association of implicit condom attitude with condom use
intentions was only significant in the condition with placebo
drinks and neutral video (r=0.41, p <0.05). Main effects on
state working memory capacity were found of alcohol intoxica-
tion (#(28)=3.40; p=0.01), and of sexual arousal (#(28)=2.32;
p <0.05). State working memory capacity was found to be
lower at higher levels of alcohol intoxication and sexual arousal.
We also found a significant interaction effect of alcohol and
sexual arousal on state working memory capacity (#(28)=2.83;
p=0.01). The details of this analysis can be found in Table 3
with the alcohol + sexual arousal condition as referencing con-
dition and are visually shown in Fig. 1. All differences that can
be seen in Fig. 1 are significant.

The Effects of Alcohol and Sexual Arousal
on Intentions to Use a Condom

We found no significant effect of sexual arousal on intentions
to use a condom, but a significant effect was found of alcohol
(1(28)=2.55; p=0.01. As expected, intentions to use a con-
dom were lower under the influence of alcohol. Full results
of this analysis can be found in Table 4.

@ Springer



1722

Archives of Sexual Behavior (2023) 52:1715-1725

Table 2 Descriptive statistics
and bivariate correlations of key

variables across experimental
conditions

M SD Correlations
Condition: Placebo + Neutral 1 2 3 4
1 Condom Use Intention 58.18 25.72 -
2 Implicit Condom Attitude 0.10 0.34 0.41* -
3 Explicit Condom Attitude 71.94 17.48 0.77%%%* 0.44%* -
4 State Working Memory 4.17 0.50 0.07 -0.21 0.16 -
Condition: Placebo + Arousal
1 Condom Use Intention 56.02 27.16 -
2 Implicit Condom Attitude 0.21 0.34 0.02 -
3 Explicit Condom Attitude 71.13 18.13 0.77%%* 0.14 -
4 State Working Memory 4.03 0.62 0.17 0.19 0.19 -
Condition: Alcohol + Neutral
1 Condom Use Intention 55.63 26.03 -
2 Implicit Condom Attitude 0.34 0.33 0.20 -
3 Explicit Condom Attitude 72.16 18.53 0.70%%* 0.29 -
4 State Working Memory 4.11 0.73 -0.16 —-0.05 0.04 -
Condition: Placebo + Arousal
1 Condom Use Intention 54.08 26.12 -
2 Implicit Condom Attitude 0.24 0.29 0.25 -
3 Explicit Condom Attitude 69.94 20.24 0.717%%* 0.39* -
4 State Working Memory 3.71 0.83 —0.11 0.27 0.09 -

p <0.05; ** = p < 0.01; ** = p < 0.001

Table 3 The results of mixed regression analysis with scores on the
n-back task as dependent variable

Parameter Estimate Standard ¢ 4

error
Intercept 4.47 0.62 6.45 <0.001
Placebo—Neutral® 0.45 0.16 2.83 0.008
Placebo-Erotic* 0.31 0.14 2.32 0.028
Alcohol-Neutral® 039  0.12 3.40 0.002
Baseline working -0.01 0.02 -0.52 0.610

memory

Tested against Alcohol-Erotic as reference condition

The Effects of Explicit and Implicit Attitudes
on Intention to Use a Condom

Explicit attitudes were found to have a strong positive effect
on intentions to use a condom (#(28) =4.56; p <0.01) when
participants were sober and not sexually aroused, i.c. when their
working memory capacity was undisturbed. There was no main
effect of implicit attitudes on intentions to use a condom. No
significant interaction effects were found, except for the inter-
action between alcohol and explicit attitudes toward condoms
(#(28)=—2.55; p=0.01). This implies that when people are
under the influence of alcohol, explicit attitudes have a smaller
effect on intentions to use a condom compared to when they
were sober. No significant interaction effect of implicit attitudes
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The effect of alcohol and sexual
arousal on working memory
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Fig. 1 Graphic representation of the effect of alcohol and sexual
arousal on working memory

and any of the conditions was found. The results of the mixed
regression analysis can be found in Table 4.

Discussion

In this study, we tested a dual-process model of condomless
sex to explain the negative effects of alcohol and sexual arousal
on intentions to use a condom (George et al., 2009). Firstly, as
hypothesized, working memory capacity appears to diminish
when participants were under the influence of alcohol and when
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Table 4 Results of mixed regression analysis with intentions to use a
condom as dependent variable

Parameter Estimate Standard ¢ P
error

Intercept —20.34 32.13 —.633  1.000
Alcohol 12.688 497 2.549  0.012
Sexual arousal 0.003 4.77 0.001  0.999
Alcohol * Sexual arousal -1.98 3.71 -.53 0.597
Explicit attitudes 0.478 0.11 4.556 <.001
Implicit attitudes 0.322 0.11 0.092  0.927
Explicit * Alcohol -0.182 0.07 —-2.554 0.012
Explicit * Sexual arousal —-0.020 0.07 20.197  0.773
Implicit * Alcohol 5.19 4.12 1.259  0.120
Implicit * Sexual arousal 0.096 3.79 0.025  0.980
Baseline working memory 1.28 0.814 1.573  0.118

they were sexually aroused. They performed worse on an n-back
working memory task (Jaeggi et al., 2003), compared to the neu-
tral condition. When participants were intoxicated as well as sexu-
ally aroused, they performed even worse than when they were
only intoxicated or sexually aroused. These findings are in line
with earlier research on the effect of alcohol on working memory
capacity (e.g., Baddeley et al., 2001; Weissenborn & Duka, 2003).
This study is, to our knowledge, the first to directly test the effect
of sexual arousal on working memory capacity. We want to be
cautious, however, in claiming that the working memory capac-
ity that is required for adequate decision making in the heat of the
moment is impaired by intoxication and sexual arousal, due to the
laboratory context of the findings. The results align with previous
findings that sexual arousal captures attention (Carvalho et al.,
2011; van Lankveld & Smulders, 2008). A limitation was that an
erotic audio stimulus was delivered to maintain the level of sexual
arousal while participants performed the working memory task,
which might have distracted participants from achieving their
normal level of performance on the task, resulting in less valid
measurement of working memory capacity. In summary, the first
assumption of the dual process model to explain the effect sexual
arousal and alcohol have on condomless sex received support.
The effect of a state of alcohol intoxication on condom use
intentions was found significant, underscoring findings in previ-
ous research (Davis et al., 2015; MacDonald et al., 2000; Maisto
etal.,2012; Norris et al., 2009; Scott-Sheldon et al., 2016; Wray
etal., 2015). However, contrary to our expectations and sugges-
tions based on prior research (Davis et al., 2009; George et al.,
2009), induction of a state of sexual arousal was not found to
impact condom use intentions in this study. The failure to find the
expected effect cannot readily be explained by ineffectiveness of
the sexual arousal induction method, given the observed effects
in this condition on working memory capacity and on subjec-
tive and genital sexual arousal. An explanation might be that the
effect of sexual arousal on condom use intentions is substantially

smaller than that of alcohol intoxication and that the study was
not sufficiently powered to identify this smaller effect.

In addition to the effects of alcohol and sexual arousal on
working memory capacity, and in accordance with a dual-process
model of condomless sex, we found a large impact of explicit con-
dom attitudes on intentions to use a condom when participants
were in a neutral state; the effect of explicit attitudes on intentions
to use a condom diminished when participants were intoxicated.
We did not find evidence that implicit condom attitudes had a
direct effect on intentions to use a condom, nor when participants
were under the influence of alcohol or sexually aroused. These
findings did not replicate earlier findings that implicit attitudes
affected intentions to use a condom (Ajzen et al., 2007; Wolfs
etal., 2019). According to the dual-process model, the effect of
implicit attitudes on condom use should be maximal when work-
ing memory capacity is fully occupied. An obvious explanation
for not finding this effect is that the study was underpowered.
There is little information on the size of the effects of implicit atti-
tudes on condomless sex, and the estimated effect size used in our
a priori power calculation might have overestimated the effect.

However, assuming our test had enough power, another
explanation may be that participants had to complete visual
analogue scales four times during the experiment, twice per
test day, potentially causing a memory bias, when they wanted
to remain consistent in their answers.

This raises the question whether our manipulations were suc-
cessful in reducing working memory capacity. In the condition
where participants were both intoxicated and sexually aroused,
participants on average scored higher than 4 on a scale ranging
from O to 5. It should be noted that we deliberately chose the
easy version of the n-back working memory test by Jaeggi et al.
(2003), so it would not interfere with sexual arousal, which could
also explain the higher level of subjective sexual arousal. Alter-
natively, the study dose of alcohol perhaps did not sufficiently
reduce working memory capacity. We chose the administered
dose of alcohol to raise the BAL up to the legal limit in traf-
fic in the Netherlands, which should be able to reduce (visual)
working memory capacity, but higher alcohol dosages have been
linked to stronger decreases in executive functioning (Finn et al.,
1999). Finally, one could question whether a BAL of 0.05 can
be considered to be ecologically valid in a student population.

In this study, explicit attitudes toward condom use were a
significant predictor of intentions to use a condom in all four
experimental conditions. This finding supports the predictions
based on the Theory of Planned Behavior and the Reasoned
Action Approach, although it does highlight the importance of
taking contextual factors, such as alcohol, into account when
using the Theory of Planned Behavior or Reasoned Action
Approach to explain condom use. Considering that alcohol use
did weaken the effect of explicit attitudes on intentions to use
acondom, a dual-process model of condom use is a promising
and useful theoretical framework to explain condomless sex in
different situations. According to this model of condom use,
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however, we would also expect an interaction effect between
implicit attitudes and alcohol. We did not find this interaction
effect in this study, but this does not mean we should easily
reject a dual-process account of condomless sex. An important
limitation of this study is that intentions for condom use were
investigated instead of actual behavior. Even though intentions
are strongly linked to behavior, there is also an intention-behav-
ior gap when it comes to condom use (Snichotta et al., 2014).
Other experimental studies of dual-process models that turned
out to be conclusive have used actual behavior such as eating
(Hofmann & Friese, 2008), and alcohol use (Thush et al., 2008)
for example. There are of course ethical and practical reasons
as to why we cannot measure condomless sexual behavior in
the laboratory, but future research into dual-process models
of condomless sex could apply a similar outcome measure for
condom use as was used in the study by Thush et al. (2008).
One of the outcome measures was drinking behavior in the fol-
lowing month after the experiment, which does not require the
targeted behavior to be performed in the laboratory.

In conclusion, we aimed to test a dual-process model of
condomless sex. We found support for key assumptions in the
model, namely that alcohol intoxication and sexual arousal
reduce working memory capacity, and that the effects of explicit
attitudes on intentions to use a condom weaken when people
consume alcohol. We found no evidence that implicit attitudes
play arole in condomless sex. However, we do believe it is too
soon to reject a dual-process model of condomless sex alto-
gether. Implicit attitudes might still be an important focus in
future studies into condomless sex. Dual-process models seem
to be promising models to explain the contextual influences of
alcohol (Davis et al., 2009, 2015) or sexual arousal (George
et al., 2009; Norris et al., 2009) on condom use intentions, and
should at least be the subject of future studies.
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