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Neural correlates of perceived risk: the case of HIV

Ralf Schmalzle, Britta Renner, and Harald T. Schupp
Department of Psychology, University of Konstanz, 78457 Konstanz, Germany

Research indicates that many people do not use condoms consistently but rather rely on illusory control strategies for avoiding an
infection with HIV. Preliminary evidence suggests that people form impressions of a partner’s HIV risk based on his or her physical
appearance. To examine the neural correlates of such appearance-based HIV risk impressions, event-related potentials were
recorded while participants viewed portraits of unacquainted persons. Participants’ explicit HIV risk ratings for each of the
presented unacquainted persons were used to form categories of low and high HIV risk persons. Results showed that risky,
compared to safe persons elicited distinct event-related potential (ERP) modulations. Viewing risky persons was associated with
an increased positivity over right frontal regions between 180 and 240 ms. This suggests that impressions related to HIV risk
occur rapidly, presumably reflecting automatic person evaluations eluding introspection. In a time window between 450 and
600 ms, risky persons elicited an increased late positive potential. Consistent with previous findings reporting augmented late
positive potentials (LPP) amplitudes to affectively significant stimuli, the results support the assumption that risky faces draw

more attention resources. These findings are in accordance with the ‘risk as feeling’ notion.

Keywords: risk perception; affect; intuition; ERP; P3; late positive potential

INTRODUCTION

HIV, the virus that causes AIDS, constitutes one of the
world’s major risks to human health (UNAIDS/WHO,
2008, 2009). Every 9.5min, on average, someone in the
USA is infected with HIV (Hall et al, 2008) and recent
studies point to an increase in infection rates (RKI, 2009).
Numerous campaigns have informed the public that unsafe
sexual behavior is the primary way of contracting HIV and
that consistent condom use is the most efficient way to pre-
vent the risk of HIV infection (UNAIDS/WHO, 2008, 2009).
As a result, most people are well informed about HIV and
protection against HIV risk. However, knowing the facts
seems insufficient to motivate consistent protective behavior.
Studies on condom use have painted a rather sobering pic-
ture, revealing high rates of negative condom attitudes (e.g.
embarrassment and discomfort; Civic, 2000; Lust and
Bartholow, 2009) and infrequent use of condoms (Chandra
et al., 2005, Martinez et al., 2006).

People appear to employ an array of strategies to circum-
vent condom use, such as ‘getting to know the partner’ or
‘learning about his or her sexual history’ (Swann et al,, 1995;
Thompson et al., 1999; Donovan, 2000). Unfortunately,
these strategies are not effective but rather induce a false
sense of control over the risk. One particularly concerning
finding from interviews and focus group research is that
people seem to form an immediate impression about
others’ HIV risk status. Specifically, people report that they
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often just know’ whether a person is risky or safe—even
when they do not know much about the respective person’s
past sexual behavior or personality (Maticka-Tyndale, 1991;
Gold et al, 1992; Keller, 1993; Klepinger et al., 1993).
Moreover, people who are infected with HIV often report
that they were convinced that their partners were safe (Gold
et al., 1992). Thus, it appears that HIV risk perception is at
least partly based on spontaneous impressions of others, and
that ‘safe’ impressions can override the reliance on effective
protection strategies (i.e. condom use).

In the present research, we hypothesize that impressions
of HIV risk are based on an intuitive mode of reasoning
(Lieberman, 2000; Loewenstein et al., 2001; Slovic and
Peters, 2006). Research in various areas of psychology has
shown that intuitive processes loom large in everyday cog-
nition and often affect judgments and decisions (Lieberman,
2000; Hodgkinson et al., 2008). For instance, heuristic infer-
ences, of which we are mostly unaware, account for many
intuitive judgment biases (Gigerenzer and Goldstein, 1996;
Kahneman, 2003). Similarly, intuitive inferences of compe-
tence or childishness based on appearance have been shown
to influence political elections (Todorov et al, 2005) and
sentencing decisions (Zebrowitz and McDonald, 1991).
Accordingly, intuition may cause deviations from ‘rational’
or ‘normative’ judgment and behavior, not unlike the deci-
sion to refrain condom use because of the impression of a
partner’s safety.

The goal of the present study was to substantiate the
notion drawn from behavioral research that HIV risk per-
ception relates to appearance-based snap judgments.
Event-related brain potentials were recorded to uncover
neural correlates of HIV risk perception that remain
hidden from introspection and precede overt responding.

© The Author (2011). Published by Oxford University Press. For Permissions, please email: journals.permissions@oup.com
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Similar to previous behavioral research (cf. Agocha and
Cooper, 1999; Thompson et al., 2002), participants viewed
a series of portraits of unacquainted persons. Each picture
was presented for 2s while event-related potentials (ERPs)
were recorded. Immediately after viewing each person, par-
ticipants provided a rating of perceived HIV risk on a
7-point rating scale. We assumed that participants’” explicit
ratings of HIV risk would demonstrate pronounced vari-
ation across the persons presented. Alternatively, the
notion of spontaneous impressions of HIV risk would be
refuted if participants assign a similar level of risk to all
presented persons. For the analyses of the neural correlates
of risk perception, the explicit risk ratings were allocated into
a low and high HIV risk category. In contrast to deliberative
processing, which is characterized as being serial and time
consuming, intuitions are assumed to build upon parallel,
fast processing (Strack and Deutsch, 2004; Evans, 2008).
According to this hypothesis, it was predicted that high
and low HIV risk categories are already differentiated in
the brain within the first 300ms of processing time (cf.
Thorpe et al., 1996). A further characteristic of intuition is
its reliance on immediate affective reactions (Lieberman,
2000 Slovic and Peters, 2006). Previous research consistently
revealed that affective stimulus processing is associated with
enlarged late positive potentials (LPP) between 300 and
700 ms after stimulus onset (Schupp et al., 2006). Thus,
based on the notion that HIV risk is a potential threat for
health, larger LPP amplitudes were expected for high HIV
risk persons compared to low. Finally, more refined single
trial analyses were conducted in order to test the hypothesis
that the relationship of risk and ERP components becomes
more refined across the processing stream.

METHODS
Participants

Totally, 42 participants (of which, 27 were women) in the
age group of 20-32 years (mean =24.1, s.d. =2.6) were re-
cruited on the campus of the University of Konstanz. Four
participants were excluded from analysis because of excessive
electroencephalogram (EEG) artifacts or insufficient num-
bers of trials to compute ERP averages. About 91% of the
participants indicated heterosexual orientation and the re-
maining participants reported bisexual orientation. In add-
ition, 88% of the sample was sexually experienced and 60%
reported being in a steady relationship. Participants received
either €15 or course credits as compensation for participa-
tion. The participants provided written consent to the study
protocol, which was approved by the local ethical review
board.

Stimulus material

Facial portraits were selected from the AR Face Database
(Martinez and Benavente, 1998), the CVL Face Database
(Peer, 2005) and the CAL/PAL Faces Database (Minear
and Park, 2004). To minimize perceptual confounds, the
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following criteria were used to select the stimulus materials:
(i) Frontal head portrait; (ii) neutral emotional expression;
(iii) gaze directed to the perceiver; (iv) Caucasian face; and
(v) young adult. In addition, picture brightness, area covered
by face and picture size (768 x 576 pixel) were equated
across stimuli. Two stimulus sets were obtained, consisting
of 120 female and 120 male faces.

Experimental task

The experiment consisted of 120 trials during which each of
the pictures was presented for 2 s, preceded by the presenta-
tion of a fixation cross (1s). After a delay period of 1s, risk
perceptions were assessed by asking participants ‘How likely
do you think is it that this person is HIV-positive?” (trans-
lated from the German ‘Fiir wie wahrscheinlich halten Sie es,
dass diese Person HIV-positiv ist?’). Participants evaluated
HIV risk on a 7-point likelihood rating scale ranging
from ‘very unlikely’ [1] to ‘very likely’ [7] (cf. Dijkstra
et al., 2000)." The next trial was initiated after an ITI of
6.5s. Stimuli were presented on a 21-inch CRT monitor
located ~100cm in front of the participant (visual angle:
13.9° horizontal, 10.4° vertical) using Presentation software
(Neurobehavioral Systems, Inc., Albany, CA, USA). To in-
crease ecological validity, each participant viewed 120 oppos-
ite sex faces. The order of the 120 pictures was randomized.

After a break (~10min), additional characteristics of the
impressions were assessed. Specifically, participants rated
each person regarding attractiveness, healthiness, responsi-
bility, trustworthiness, valence, arousal and willingness to
interact. All ratings were given on a 7-point scale, with
high numbers indicating the respective characteristic to be
more pronounced. Each trial started with the presentation of
the facial stimuli for 1s, followed by the self-paced presenta-
tion of the rating scales. The order of ratings varied randomly
from trial to trial for each participant. Due to a technical
failure, ratings from nine participants could not be assessed.

ERP recordings

Electrophysiological data were collected from the scalp using
a 257-lead HydroCel Geodesic Sensor Net (Electrical
Geodesics, Inc., Eugene, OR, USA). The EEG was recorded
continuously with a sampling rate of 250 Hz, with the vertex
sensor as reference electrode and on-line filtered from 0.1 to
100 Hz using Netstation acquisition software and EGI amp-
lifiers. Impedances were kept below 50 k€2, as recommended
for this type of amplifier by EGI guidelines. Oft-line analyses
were performed using EMEGS (Junghéofer and Peyk, 2004)
and EEGLAB (Delorme and Makeig, 2004) software pack-
ages. Processing steps included low-pass filtering at 40 Hz,
artifact detection, sensor interpolation, baseline-correction

"Analysis of reaction times revealed that, on average, responses to high risk stimulus persons were delivered
faster (mean = 2470 ms) compared to low risk stimulus persons (mean = 2605 ms), t(40) = 2.79, P < 0.01.
However, interpretation of these data is ambiguous as participants always had to wait for 15 before they were
allowed to deliver their HIV ratings.
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for pre-stimulus (100 ms) ERP activity and conversion to an
average reference (Junghofer et al., 2000).

ERP analysis

In the main analyses, stimulus persons were categorized ac-
cording to idiosyncratic risk ratings, whereby stimulus per-
sons receiving risk ratings between 1 and 3 were coded as
‘safe’ and stimulus persons receiving ratings between 5 and 7
as ‘risky’. Control analyses were undertaken to secure that
the observed results are reliable across alternative ways of
calculating ERP averages to risky and safe persons.” To cap-
ture the effects of HIV risk on ERP components, waveform
analysis and area score assessment were used in concert.

Waveform analyses

In the first stream of analyses, each time point and sensor was
tested separately using a one-factorial (risky vs safe) ANOVA.
Significant effects were thresholded at P<0.05, and at least
eight continuous data points (32 ms) and four neighboring
sensors guarded against chance findings (Sabbagh and
Taylor, 2000; Schupp et al., 2003). The resulting pattern of
significant ERP modulation served to determine critical time
periods as well as regions-of-interest for subsequent detailed
statistical evaluation utilizing area score assessments.

Area score assessment

In a time interval between 180 and 240 ms poststimulus, a
frontal ERP component was scored including EGI sensors 47,
48, 49, 50, 54, 55, 56, 57, 58, 62, 63, 64 (left) and 1, 2, 194,
195, 203, 204, 205, 211, 212, 213, 221, 222 (right). Between
350 and 450 ms, a fronto-central component was indexed as
mean activity comprising left (16, 17, 22, 23, 24, 27, 28, 29,
30, 34, 35, 36) and right (4, 5, 6, 7, 12, 13, 14, 20, 198, 207,
215, 224) EGI sensors. The centro-parietal LPP component
was indexed as mean activity from 450 to 600 ms comprising
left (9, 17, 43, 44, 45, 51, 52, 53, 58, 59, 60, 64, 65, 66, 78, 79,
80) and right (131,132, 143,144, 154, 155, 164, 182, 183, 184,
185, 186, 194, 195, 196, 197, 198) EGI sensors. ERP compo-
nents were subjected to ANOVAs including the factors ‘Risk’
(risky vs safe), ‘Gender’ (male vs female), and ‘Laterality’ (left
vs right). Where appropriate, degrees of freedom were ad-
justed using the Greenhouse—Geisser method to correct for
violations of sphericity.

RESULTS
Explicit risk ratings: risky and safe persons

In order to contrast ERP waveforms elicited by risky and safe
stimulus persons, it is necessary to demonstrate that the
stimulus persons actually varied in their ascribed HIV risk.

*To rule out that the reported findings reflect unequal numbers of trials in low and high risk categories, HIV
risk ratings were z-standardized within each participant. ERPs corresponding to low and high z-standardized
risk ratings (safe: z< —0.2; risky: 2> 0.2) were calculated. The results fully replicated the results based on the
dichotomized raw scores: risky as compared to safe stimulus persons were associated with a significantly
enlarged right frontal positivity, F136=7.7, P<0.01, an enlarged fronto—central component, F;35 =54,
P <0.05, and a larger centro—parietal LPP, F; 35 =157, P <0.05.
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Fig. 1 Average ratings of HIV risk (1—low risk; 7—high risk) and standard errors,
rank-ordered by increasing risk.

In one analysis, risk ratings were rank ordered for each par-
ticipant and mean responses at each rank were calculated
across participants. As shown in Figure 1, mean risk ratings
increased linearly from very low risk (minimum=1.2) to
very high risk (maximum =6.7). In a further analysis, vari-
ance and range of risk ratings were calculated for each sub-
ject. On average, risk ratings showed substantial variance
($2=2.5) and participants used the full range of the risk
scale (mean range=>5.6). These analyses demonstrate that
our naturalistic stimuli produced broad variations in per-
ceived HIV risk and provided the grounds for contrasting
ERPs towards safe and risky persons.

ERPs
Waveform analyses

Single sensor waveform analyses revealed three effects of risk
on ERP components (Figure 2a). A first effect of risk
emerged over right-frontal sensor sites in a time window
lasting from 180 to 240 ms. Specifically, while the overall
ERP waveform showed a negative polarity, the difference
in processing risky as compared to safe persons is seen as a
relative positive potential shift (Figure 3). A second effect
was observed between 350 and 450 ms over fronto-central
sensor sites. While the overall ERP waveform displayed a
negative polarity, the processing of risky as compared to
safe stimuli persons is observed as a relative positive ERP
shift (Figure 3). Subsequently, a centro-parietal LPP compo-
nent was observed between 450 and 600 ms with increased
amplitudes for risky as compared to safe stimulus persons
(Figure 3). To examine these effects in more detail, ANOVAs
were calculated for the three ERP components.

Frontal component (180-240 ms)

Over frontal regions, the main effect of ‘Risk’ (F) 36=26.3,
P<0.05) was qualified by a significant ‘Risk x Laterality’
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Fig. 2 Main effects of risk (A) and attractiveness (B). The outcome of the point-by-point waveform ANOVA is illustrated in terms of F-values collapsed across meaningful time

bins. F-values of 4.1 correspond to P =0.05.

interaction, (F)3s=>5.3, P<0.05). Post-hoc tests indicated
that  risky  stimulus  persons  (mean=—0.66 1LV,
s.d.=1.8uV) elicited a relative positive potential as com-
pared to safe stimulus persons over right frontal sensors
(mean=—1.0uV, s.d. = 1.8 uV), 3, =3.6, P<0.001. In con-
trast, corresponding left hemispheric regions revealed no
significant modulation for risky (mean=—0.77pV,
s.d.=1.7uV) and safe stimulus persons (mean=—0.8 uV,
s.d.=1.8uV). A significant main effect of ‘Gender’
(F136=8.36, P<0.01) indicated a relative increased positiv-
ity for male compared with female participants. No further
main effects or higher order interactions reached statistical
significance.

Fronto-central component (350-450 ms)

Risky stimulus persons elicited a relative positive potential
over fronto-central regions as compared to safe stimulus

persons (risky: mean=-—0.55pV, s.d.=3.7uV; safe:
mean =—0.98 uV, s.d.=3.81V), F;3,=05.5, P<0.05. No
further main effects or higher order interactions reached
statistical significance.

Centro-parietal LPP component (450-600 ms)

A main effect of ‘Risk’ (F} 35 =06.43, P<0.05) was observed
over centro-parietal regions. Risky stimulus persons
(mean=1.53 1V, s.d.=2.0uV) elicited a significantly
increased positivity in comparison to safe stimulus persons
(mean=1.22pV, s.d.=1.8pV). While the interaction
‘Risk x Laterality’ did not reach statistical significance,
F36=4.1, P=0.05, exploratory analysis revealed that the
effect was most accentuated over right hemispheric regions,
t3; =2.8, P<0.01. No other main effect or higher order
interaction was statistically significant.

2T0Z ‘12 snbny uo zuesuoy A1seAIUN e /610°sfeulno [pioxo ueds//:dny wouj papeojumoq


http://scan.oxfordjournals.org/

Neural correlates of risk perception

SCAN (202) 67l

A ERP Waveforms
Right Frontal

Amplitude [puV]

Fronto-Central

Centro-Parietal

— High Risk
-+ Low Risk

0 100 200 300 0

200 400 600 0 200 400 600
Time [ms] Time [ms] Time [ms]
B Difference Maps: High - Low Risk
350 - 450 ms 450 - 600 ms

180-240 ms

Fig. 3 (A) ERP waveforms associated with risky and safe stimulus persons are shown for EGI sensors no. 205, 20 and 81 which are in the vicinity of FC4/FT8, AFz and (Pz
according to the 10/10 system, respectively. (B) Scalp potential maps of the difference waves (risky—safe persons). The difference maps display a right view.

The covariation of ERP components and HIV risk

To ensure a good signal-to-noise ratio, our main ERP ana-
lysis was based on a dichotomous categorization of HIV risk.
However, since the HIV risk ratings were given on a 7-point
scale, a single trial analysis explored the risk/ERP relation-
ship at a more refined level (cf. Lang ef al., 1993; Delorme
et al., 2007). To this end, separately for each participant,
single trial EEG data were extracted for each of the three
ERP components. The resulting EEG values were then
sorted in ascending order by the subsequent rating of per-
ceived HIV risk. To adjust for differences in artifact-free trial
number across participants, the data were normalized to 60
pseudo-trials, smoothed, averaged across participants and
one-tailed Pearson correlation coefficients and Fisher’s
z-transformation computed to assess the covariation of per-
ceived HIV risk and ERP components. The outcome of this
single trial EEG analysis is illustrated in Figure 4 using the
ERP Image tool (Delorme and Makeig, 2004). The right
frontal ERP between 180 and 240 ms and the fronto-central
ERP effect between 350 and 450 ms showed a significant
correlation with perceived HIV risk, both 7(59)=0.22,
P’s<0.05. A strong correlation emerged between perceived
HIV risk and the centro-parietal ERP component,
7(59) =0.52, P<0.0001, which was significantly larger than

for earlier ERP components, Fisher’s z=1.88, P=0.03.
These findings show that the relationship with perceived
HIV risk became stronger across the processing stream,
being most prominent for the centro-parietal LPP
component.

The relationship of HIV risk ratings and other
personality characteristics

There is strong evidence that physical attractiveness drives
sexual interest and influences partner selection (Blanton and
Gerrard, 1997; Agocha and Cooper, 1999; Dijkstra et al.,
2000). Furthermore, physical attractiveness has been shown
to modulate risk perceptions raising the question whether
the observed risk/ERP relationship is secondary to physical
attractiveness. Perceived risk and physical attractiveness
showed a low negative correlation with r(119)=—0.21,
P<0.05. Furthermore, while previous research suggests
that physical attractiveness may modulate ERP components
(Oliver-Rodriguez et al., 1999; Werheid et al., 2007), analysis
of the attractiveness/ERP relationship analogous to the risk/
ERP relationship showed no significant effects when con-
trasting ERP to attractive or unattractive people
(Figure 2B). These findings suggest that risk perceptions
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Fig. 4 ERP Images sorted by increasing risk ratings for the three time windows and
sensor clusters of interest. These plots show the image obtained by group-averaging
across the individual subject plots. Horizontal lines represent the color-coded voltage
per pseudo-trial and trials are sorted in the ascending by risk ratings. (A) Group ERP
Image for the early right frontal effect (180—240 ms). (B) Group ERP Image for the
centro-frontal effect (350450 ms). (C) Group ERP Image for the right centro-parietal
LPP effect (450—600 ms).

and the ERP effects associated with high risk stimulus pro-
cessing are not strongly related to physical attractiveness.

Previous research revealed that trustworthiness and lack
of responsibility are important characteristics of the high risk
HIV stereotype (Renner and Schwarzer, 2003). Consistent
with this notion, HIV risk ratings showed a large negative
correlation with ratings of trustworthiness, r(119) = —0.68,
P<0.001, and responsibility, r(119)=—0.67, P<0.001.
Furthermore, while HIV risk was negatively associated with
valence, r(119) = —0.43, P<0.001, and health,
r(119) = —0.44, P<0.001 and positively associated with
arousal, 7(119)=0.49, P<0.001, the correlation of risk
with trustworthiness and responsibility was significantly
larger compared to all other personality characteristics,
Fisher’s z=2.09, P<0.05.
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DISCUSSION

The present study investigated the perception of HIV risk
based on facial appearance. The study was designed to mimic
the alleged screening of others for HIV risk, which behav-
ioral research has found to be a common illusory risk control
strategy (Williams et al., 1992). The substantial variance in
ratings of HIV risk confirmed the hypothesis that facial ap-
pearance provided information for categorizing the HIV risk
of unacquainted persons. With regard to the neural correl-
ates of HIV risk perception, results revealed the rapid dis-
crimination between low and high risk stimulus persons.
Brain waves over right-frontal regions revealed differences
associated with HIV risk already at ~180 ms. Furthermore,
we observed enlarged LPP amplitudes towards risky persons
suggesting an increased stimulus significance response to
high HIV risk persons. These findings demonstrate features
of affect and speed in intuitive risk perception.

ERP correlates of intuitive risk perception

Intuitions are assumed to reflect a fast processing mode that
utilizes unconsciously generated information (Lieberman,
2000). In the present study, differences between high and
low HIV risk categories emerged around 180 ms, thereby
providing an upper bound for the time needed to extract
risk-related information from facial appearances. As con-
scious stimulus representation is presumed to depend on
several 100 ms of processing time (Chun and Potter, 1995),
the differential brain responses to high and low risk stimuli
occur too early to be based on deliberate (conscious) rea-
soning (Neely, 1977). Thus, the stimulus-driven engagement
of neural networks by facial stimuli revealed implicit differ-
entiations systematically related to the subsequent rating of
HIV risk. Overall, the differentiation of risky and safe per-
sons within split seconds provides compelling evidence for a
rather fast process: a defining feature of intuition.

A characteristic of intuitions is the contribution of affect-
ive processes (Lieberman, 2000). Accordingly, risk percep-
tion may be based on an immediate affective reaction rather
than being the result of deliberative reasoning. It is proposed
that the observed LPP component between 450 and 600 ms
indicates the generation of an affective reaction discriminat-
ing between high and low HIV risk stimuli. Specifically, the
finding of larger LPPs to high risk stimuli relates to a large
array of studies which consistently reveal that emotional
stimuli such as natural scenes, facial expressions, words
and symbolic gestures elicit larger LPPs as compared to neu-
tral control stimuli. Several of these studies also suggest a
greater potency of negative stimuli (Schupp et al, 2004,
2007; Kissler et al., 2007; Wieser et al., 2010; Flaisch et al.,
2011). Similarly, perceiving a high HIV risk person is pre-
sumably associated with a need for an immediate response to
prevent personal harm and may represent one instance of the
general phenomenon that bad is stronger than good (Taylor,
1991; Ito et al.,, 1998; Baumeister et al., 2001). Furthermore,
our findings also concur with reports of right-lateralized
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LPPs in studies on evaluative categorization (e.g. Cacioppo
et al., 1996). Taken together, the LPP findings support the
notion of an intuitive mode of risk perception with regard to
the involvement of affective processes.

An alternative explanation of the observed LPP findings
may invoke differences in stimulus probability. Previous
ERP studies varying the probability of target stimuli revealed
that rare target stimuli elicit larger LPP amplitudes (Johnson,
1988). Given that ratings at the low and high end of the risk
rating scale were both infrequent, a stimulus probability ac-
count would predict a quadratic relationship of the degree of
risk and LPP amplitudes. In contrast, ERP Image analysis
revealed a linear increase of the LPP amplitude with increas-
ing risk ratings. Thus, the current findings are not secondary
to differences in stimulus probability. Furthermore, the LPP
is not modulated by intrinsic stimulus significance alone but
also by explicit stimulus significance. Explicitly defined
target stimuli based on simple physical stimulus features or
membership in semantic categories elicit larger LPPs com-
pared to non-target stimuli (Johnson, 1988; Thorpe et al.,
1996; Codispoti et al., 2006). On the one hand, as the current
paradigm differs in many ways from these studies, it is un-
clear whether these findings relate to the present study.
Specifically, there were no explicit target stimuli and HIV
risk had to be evaluated on a 7-point rating scale of HIV risk
rather than categorized into dichotomous stimulus cate-
gories. On the other hand, one may argue that participants
could have reframed the task in specific ways, i.e. ‘identifying
risky individuals’. According to this hypothesis, the LPP
findings depend on an explicit processing goal of the par-
ticipants. Previous ERP studies revealed that paying explicit
attention to emotional target stimuli increased the LPP com-
ponent (Schupp et al., 2007; Ferrari et al., 2008). Thus, the
present findings may either reflect a main effect of risk or the
interaction of an explicit processing goal (i.e. high risk
stimulus detection) and intrinsic stimulus significance (i.e.
the occurrence of a high risk stimulus). More relevantly,
however, both explanations are consistent with an intuitive
mode of processing. Specifically, risk-relevant information
had to be extracted early in the processing stream, i.e. a
fast process, in order to elicit increased LPP amplitudes,
i.e. presumed to indicate an affective reaction. It will be
interesting to determine in future research whether increased
LPP amplitudes to risky stimuli occur implicitly when par-
ticipants perform a distractor task unrelated to risk
perception.

The relationship of HIV risk and ERP components was
tracked across the processing stream using single trial ana-
lysis. Both, the early right frontal (180240 ms) and later
centro-frontal (350450 ms) effect showed a significant but
rather low correlation with HIV risk ratings. The early
right-frontal ERP effect concurs with studies investigating
the processing of emotional and neutral faces (Eimer et al.,
2003) and may partially reflect the engagement of the right
orbito—frontal cortex. Being part of a larger interconnected
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network, the orbito-frontal cortex possibly provides
top-down input regulating later stages of visual processing
(Bechara et al, 2000; Kringelbach and Rolls, 2004;
Vuilleumier, 2005; Adolphs and Spezio, 2006). The subse-
quent effect of relatively larger positive potentials to risky
faces over fronto-central sites between 350 and 450ms is
reminiscent of the novelty P3, i.e. an automatic orienting
response to novel stimuli (Friedman et al, 2001).
However, the current design differs in many ways from the
experimental approach used in this line of research. In the
current study, every stimulus was novel and only shown
once. Furthermore, both processes—stimulus significance
and stimulus novelty—may simultaneously contribute to sur-
face recorded scalp potentials (Debener et al., 2005). While
the interpretation of this component awaits future research,
the fronto-central effect may indicate that attentional orien-
tation to novel stimuli is amplified towards faces perceived
as risky. A significantly stronger relationship between ERP
amplitude and HIV risk ratings was observed for the LPP
component between 450 and 600 ms. Thus, the relationship
of ERP amplitude to explicit ratings of HIV became increas-
ingly refined across the processing stream. With regard to
neural generators, the LPP has been linked to widespread
activation broadcasting stimulus information to many asso-
ciative cortical regions rather than reflecting local or modu-
lar processing, (Nieuwenhuis et al., 2005; Sergent et al., 2005;
DelCul et al., 2007; Schupp et al., 2007). From a functional
perspective, the LPP component has been related to pro-
cesses of stimulus recognition, working memory representa-
tion and focused attention (Vogel et al, 1998; Nieuwenhuis
et al., 2005; Sergent et al., 2005; DelCul et al., 2007). One
may accordingly speculate that the LPP component is an
indirect electrocortical reflection of the gradual representa-
tion of HIV risk, which may serve as basis for the explicitly
provided risk rating.

Snap judgments of HIV risk

The present findings suggest that a brief glimpse of an un-
acquainted person can be sufficient to form an impression of
HIV risk. When probed at the end of the experiment, par-
ticipants could not explain how they arrived at their risk
judgments and reported either severe difficulties verbalizing
‘hunches’ or a complete lack of insight. Feelings of knowing
despite a lack of introspection are typical of intuition and
presumed to be based on implicit learning processes (e.g.
Lewicki, 1986; Lieberman, 2000; Seligman and Kahana,
2009). Furthermore, the perspective of an associative net-
work structure raises the issue of how HIV risk ratings are
systematically related to other person characteristics. Given
the important role of attractiveness in partner selection, it
might be hypothesized that HIV risk judgments relate to the
attractiveness of the person. However, neither the hypothesis
that attractiveness increases HIV risk (i.e. higher likelihood
of many partners), nor the ‘what is beautiful is good’—heur-
istic received strong support (cf. Blanton and Gerrard, 1997;

2T0Z ‘12 snbny uo zuesuoy A1seAIUN e /610°sfeulno [pioxo ueds//:dny wouj papeojumoq


http://scan.oxfordjournals.org/

674  SCAN (2012)

Agocha and Cooper, 1999; Dijkstra et al., 2000). A different
line of research revealed that distrust and lack of responsi-
bility are key features of the high HIV risk stereotype
(Renner and Schwarzer, 2003). Consistent with these find-
ings, a pronounced correlation of HIV risk with ratings of
trust and responsibility was observed in the present study.
Furthermore, ample evidence supports the notion that infer-
ences regarding trustworthiness are based on immediate
person perception. For instance, exposure times as little as
33 ms are sufficient to infer trust or threat (Bar et al., 2006;
Willis and Todorov, 2006). In addition, distrust has been
shown to engage the neural structures implicated in emotion
processing (amygdala and insular cortex; Winston et al.,
2002; Engell et al., 2007; Todorov et al., 2008). Our findings
may be related to these studies because HIV risk, trust-
worthiness and responsibility shared a substantial part of
their variance, which may indicate that they tap into
common meaning structures (Edelman, 1998). Overall, jud-
ging HIV risk may reflect the correspondence of implicitly
perceived facial cues and the high-risk stereotype.

Strength and limitations

The case of HIV was selected as model system to investigate
the intuitive nature of risk perception. While the findings
support this notion, limitations need to be acknowledged
and important issues remain to be examined in future re-
search. For instance, field research indicated that knowledge
of sexual history and familiarity with the person are further
sources of information in HIV risk perception (Williams
et al., 1992), which need to be considered in future research.
Furthermore, it needs to be determined whether the
observed findings are disease-specific or relate more gener-
ally to serious diseases. Based on the important role of con-
tagiousness in lay disease representations (Bishop, 1991), one
may speculate that the current findings relate specifically to
contagious, sexually-transmitted diseases. Finally, the finding
that intuitive processing may lead to a false sense of safety
and thereby facilitate unprotected sexual behavior in the
‘hot’ context of dating (Norton et al, 2005), does not
imply that our participants would actually rely on the illu-
sory control strategy to screen their partners for HIV risk.

CONCLUSION

Traditionally, risk perception has been conceptualized as be-
liefs about the probability and the severity of health hazards
(Weinstein, 2000; Renner and Schupp, 2011). This ‘risk as
analysis’ view has recently been complemented by the pro-
posal of a more experiential mode of risk perception which
emphasizes the role affect and feelings (Loewenstein et al.,
2001; Slovic and Peters, 2006). The present findings are con-
sistent with this ‘risk as feeling’ notion: (i) Risky stimuli were
rapidly discriminated;(ii) were accompanied by the neural
signature of increased stimulus significance; and (iii) partici-
pants were unable to explicate the basis of their risk judg-
ments. Taken together, the present findings indicate that the

R. Schmilzle et al.

strategy to screen partners for their HIV risk may result from
an experiential mode of risk perception.

Conflict of Interest

None declared.

REFERENCES

Adolphs, R., Spezio, M. (2006). Role of the amygdala in processing visual
social stimuli. Progress in Brain Research, 156, 363-78.

Agocha, V.B., Cooper, M.L. (1999). Risk perception and safer-sex inten-
tions: does a partner’s physical attractiveness undermine the use of
risk-relevant information. Personality and Social Psychology Bulletin,
25(6), 751-65.

Bar, M., Linz, H., Neta, M. (2006). Very first impressions. Emotion, 6(2),
269-78.

Baumeister, R.F., Bratslavsky, E., Finkenauer, C., Vohs, K.D. (2001). Bad is
stronger than good. Review of General Psychology, 5, 323-70.

Bechara, A., Damasio, H., Damasio, A.R. (2000). Emotion, decision making
and the orbitofrontal cortex. Cerebral Cortex, 10(3), 295-307.

Bishop, G.D. (1991). Lay disease representations and responses to victims of
disease. Basic and Applied Social Psychology, 12(1), 115-32.

Blanton, H., Gerrard, M. (1997). Effect of sexual motivation on men’s risk
perception for sexually transmitted disease: there must be 50 ways to
justify a lover. Health Psychology, 16(4), 374-9.

Cacioppo, J.T., Crites, S.L., Gardner, W.L. (1996). Attitudes to the right.
Evaluative processing is associated with lateralized late positive
even-related brain potentials. Personality and Social Psychology Bulletin,
22(12), 1205-19.

Chandra, A., Martinez, G.M., Mosher, W.D., Abma, J.C., Jones, J. (2005).
Fertility, family planning, and reproductive health of U.S. women: data
from the 2002 national survey of family growth. National Center for
Health Statistics. Vital Health Statistics, 23(25), 103—4.

Chun, M.M., Potter, M.C. (1995). A two-stage model for multiple target
detection in rapid serial visual presentation. Journal of Experimental
Psychology: Human Perception and Performance, 21, 109-27.

Civic, D. (2000). College students’ reasons for nonuse of condoms within
dating relationships. Journal of Sex and Marital Therapy, 26(1), 95-105.

Codispoti, M., Ferrari, V., De Cesarei, A., Cardinale, R. (2006). Implicit and
explicit categorization of natural scenes. Progress in Brain Research, 156,
57-69.

Debener, S., Makeig, S., Delorme, A., Engel, A.K. (2005). What is novel in
the novelty oddball paradigm? Functional significance of the novelty P3
event-related potential as revealed by independent component analysis.
Brain Research Reviews, 22(3), 309-21.

DelCul, A., Baillet, S., Dehaene, S. (2007). Brain dynamics underlying the
nonlinear threshold for access to consciousness. PLoS Biology, 5(10),
2408-23.

Delorme, A., Makeig, S. (2004). EEGLAB: an open source toolbox for ana-
lysis of single-trial EEG dynamics including independent component ana-
lysis. Journal of Neuroscience Methods, 134(1), 9-21.

Delorme, A., Westerfield, M., Makeig, S. (2007). Medial prefrontal theta
bursts precede rapid motor responses during visual selective attention.
Journal of Neuroscience, 27(44), 11949-59.

Dijkstra, P., Buunk, B.P., Blanton, H. (2000). The effect of target’s physical
attractiveness and dominance on STD-Risk perceptions. Journal of
Applied Social Psychology, 30(8), 1738-55.

Donovan, B. (2000). The repertoire of human efforts to avoid sexually
transmissible diseases: past and present Part 1: Strategies used before or
instead of sex. Sexually Transmitted Infections, 76(1), 7-12.

Edelman, S. (1998). Representation is representation of similarities.
Behavioral and Brain Sciences, 21, 449-98.

Eimer, M., Holmes, A., McGlone, F.P. (2003). The role of spatial attention
in the processing of facial expression: an ERP study of rapid brain re-
sponses to six basic emotions. Cognitive, Affective, and Behavioral
Neuroscience, 3(2), 97-110.

2T0Z ‘12 snbny uo zuesuoy A1seAIUN e /610°sfeulno [pioxo ueds//:dny wouj papeojumoq


http://scan.oxfordjournals.org/

Neural correlates of risk perception

Engell, A.D., Haxby, J.V., Todorov, A. (2007). Implicit trustworthiness
decisions: automatic coding of face properties in human amygdala.
Journal of Cognitive Neuroscience, 19(9), 1508-19.

Evans, J.S. (2008). Dual-processing accounts of reasoning, judgment, and
social cognition. Annual Review of Psychology, 59, 255-78.

Ferrari, V., Codispoti, M., Cardinale, R., Bradley, M.M. (2008). Directed
and motivated attention during processing of natural scenes. Journal of
Cognitive Neuroscience, 20(10), 1753-61.

Flaisch, T., Hicker, F., Renner, B., Schupp, H.T. (2011). Emotion and the
processing of symbolic gestures: An event-related brain potential study.
Social, Cognitive and Affective Neuroscience, 6(1), 109-18.

Friedman, D., Cycowicz, Y.M., Gaeta, H. (2001). The novelty P3: an
event-related brain potential (ERP) sign of the brain’s evaluation of nov-
elty. Neuroscience and Biobehavioral Reviews, 25(4), 355-73.

Gigerenzer, G., Goldstein, D.G. (1996). Reasoning the fast and fru-
gal way: models of bounded rationality. Psychological Review, 103(4),
650-69.

Gold, R.S., Karmiloff-Smith, A., Skinner, M.J., Morton, J. (1992).
Situational factors and thought processes associated with unprotected
intercourse in heterosexual students. AIDS Care, 4(3), 305-23.

Hall, H.I,, Song, R., Rhodes, P., et al. (2008). Estimation of HIV incidence in
the United States. Journal of the American Medical Association, 300(5),
520-9.

Hodgkinson, G.P., Langan-Fox, J., Sadler-Smith, E. (2008). Intuition: a
fundamental bridging construct in the behavioural sciences. British
Journal of Psychology, 99(1), 1-27.

Ito, T.A., Larsen, J.T., Smith, N.K., Cacioppo, J.T. (1998). Negative infor-
mation weighs more heavily on the brain: the negativity bias in evaluative
categorizations. Journal of Personality and Social Psychology, 75(4),
887-900.

Johnson, R. (1988). The amplitude of the P300 component of the event
related potential: review and synthesis. In: Ackles, P.K., Jennings, J.R.,
Coles, M.G.H., editors. Advances in Psychophysiology. Greenwich: JAI,
pp. 69-138.

Junghofer, M., Elbert, T., Tucker, D.M., Rockstroh, B. (2000). Statistical
control of artifacts in dense array EEG/MEG studies. Psychophysiology,
37(4), 523-32.

Junghofer, M., Peyk, P. (2004). Analysis of electrical potentials and magnetic
fields of the brain. Matlab Select, 2, 24-8.

Kahneman, D. (2003). A perspective on judgment and choice: mapping
bounded rationality. American Psychologist, 58(9), 697-720.

Keller, M.L. (1993). Why don’t young adults protect themselves against
sexual transmission of HIV? Possible answers to a complex question.
AIDS Education and Prevention, 5(3), 220-33.

Kissler, J., Herbert, C., Peyk, P., Junghéfer, M. (2007). Buzzwords: early
cortical responses to emotional words during reading. Psychological
Science, 18(6), 475-80.

Klepinger, D.H., Billy, J.O., Tanfer, K., Grady, W.R. (1993). Perceptions of
AIDS risk and severity and their association with risk-related behavior
among U.S. men. Family Plannnig Perspectives, 25(2), 74-82.

Kringelbach, M.L., Rolls, E.T. (2004). The functional neuroanatomy of the
human orbitofrontal cortex: evidence from neuroimaging and neuro-
psychology. Progress in Neurobiology, 72(5), 341-72.

Lang, P.J., Bradley, M.M., Cuthbert, B.N., Hamm, A.O. (1993). Looking at
pictures: affective, facial, visceral, and behavioral reactions.
Psychophysiology, 30(3), 261-73.

Lewicki, P. (1986). Processing information about covariations that cannot
be articulated. Journal of Experimental Psychology: Learning Memory and
Cognition, 12(1), 135—46.

Lieberman, M.D. (2000). Intuition: a social cognitive neuroscience ap-
proach. Psychological Bulletin, 126(1), 109-37.

Loewenstein, G.F., Weber, E.U., Hsee, C.K., Welch, N. (2001). Risk as feel-
ings. Psychological Bulletin, 127(2), 267-86.

Lust, S.A., Bartholow, B.D. (2009). Self-reported and P3 event-related po-
tential evaluations of condoms: Does what we say match how we feel?
Psychophysiology, 46(2), 420—4.

SCAN (2012) 675

Martinez, A.M., Benavente, R. (1998). The AR Face Database. CVC
Technical Report no. 24.

Martinez, G.M., Chandra, A., Abma, J.C., Jones, J., Mosher, W.D. (2006).
Fertility, contraception, and fatherhood: data on men and women from
cycle 6 (2002) of the national survey of family growth. National Center for
Health Statistics. Vital Health Statistics, 23(26), 74-5.

Maticka-Tyndale, E. (1991). Sexual scripts and AIDS prevention: variations
in adherence to safer-sex guidelines by heterosexual adolescents. Journal
of Sex Research, 28(1), 45-66.

Minear, M., Park, D.C. (2004). A lifespan database of adult facial stimuli.
Behavior Research Methods, Instruments, and Computers, 36(4), 630-3.
Neely, J.H. (1977). Semantic priming and retrieval from lexical
memory: roles of inhibitionless spreading of activation and limited-
capacity attention. Journal of Experimental Psychology: General,

106(3), 226-54.

Nieuwenhuis, S., Aston-Jones, G., Cohen, J.D. (2005). Decision making, the
P3, and the locus coeruleus-norepinephrine system. Psychological Bulletin,
131(4), 510-32.

Norton, T.R., Bogart, L.M., Cecil, H., Pinkerton, S.D. (2005). Primacy of
affect over cognition in determining adult men’s condom-use behavior: a
review. Journal of Applied Social Psychology, 35(12), 2493-534.

Oliver-Rodriguez, J.C., Guan, Z., Johnston, V.S. (1999). Gender differences
in late positive components evoked by human faces. Psychophysiology,
36(2), 176-85.

Peer, P. (2005). CVL Face Database. http://www.lrv.fri.uni-lj.si/facedb.html
(accessed 14 February 2011).

Renner, B., Schupp, H. (2011). The perception of health risk.
In: Friedman, H.S., editor. The Oxford Handbook of Health Psychology.
New York: Oxford University Press.

Renner, B., Schwarzer, R. (2003). Risikostereotype, Risikowahrnehmung
und Risikoverhalten im Zusammenhang mit HIV (Risk stereotypes, risk
perception, and risk behavior in relation to HIV). Zeitschrift fiir
Gesundheitspsychologie, 11, 112-21.

RKI/Robert Koch Institut (2009). HIV/AIDS. Epidemiologisches Bulletin
No 48. Berlin: Robert Koch Institut.

Sabbagh, M.A., Taylor, M. (2000). Neural correlates of theory-of-mind rea-
soning: An event related potential study. Psychological Science, 11(1),
46-50.

Schupp, H.T., Flaisch, T., Stockburger, J., Junghofer, M. (2006). Emotion
and attention: event-related brain potential studies. Progress in Brain
Research, 156, 31-51.

Schupp, H.T., Junghofer, M., Weike, A.I., Hamm, A.O. (2003). Emotional
facilitation of sensory processing in the visual cortex. Psychological
Science, 14(1), 7-13.

Schupp, H.T., Ohman, A., Junghofer, M., Weike, A.IL, Stockburger, J.,
Hamm, A.O. (2004). The facilitated processing of threatening faces: an
ERP analysis. Emotion, 4(2), 189-200.

Schupp, H.T., Stockburger, J., Codispoti, M., Junghofer, M., Weike, A.L,
Hamm, A.O. (2007). Selective visual attention to emotion. Journal of
Neuroscience, 27(5), 1082-9.

Seligman, M.E.P., Kahana, M.J. (2009). Unpacking intuition: A conjecture.
Perspectives on Psychological Science, 4(4), 399-402.

Sergent, C., Baillet, S., Dehaene, S. (2005). Timing of the brain events
underlying access to consciousness during the attentional blink. Nature
Neuroscience, 8(10), 1391-400.

Slovic, P., Peters, E. (2006). Risk perception and affect. Current Directions in
Psychological Science, 15(6), 322-5.

Strack, F., Deutsch, R. (2004). Reflective and impulsive determinants
of social behavior. Personality and Social Psychology Review, 8(3),
220-47.

Swann, W.B,, Silvera, D.H., Proske, C.U. (1995). On “knowing your part-
ner”: dangerous illusions in the age of AIDS? Personal Relationships, 2,
173-86.

Taylor, S.E. (1991). Asymmetrical effects of positive and negative events: the
mobilization-minimization hypothesis. Psychological Bulletin, 110(1),
67-85.

2T0Z ‘12 snbny uo zuesuoy A1seAIUN e /610°sfeulno [pioxo ueds//:dny wouj papeojumoq


http://scan.oxfordjournals.org/

676  SCAN (2012)

Thompson, S.C., Kent, D.R., Thomas, C., Vrungos, S. (1999). Real and
illusory control over exposure to HIV in college students and gay men.
Journal of Applied Social Psychology, 29(6), 1128-50.

Thompson, S.C., Kyle, D., Swan, J., Thomas, C., Vrungos, S. (2002).
Increasing condom use by undermining perceived invulnerability to
HIV. AIDS Education and Prevention, 14(6), 505-14.

Thorpe, S., Fize, D., Marlot, C. (1996). Speed of processing in the human
visual system. Nature, 381(6582), 520-2.

Todorov, A., Mandisodza, A.N., Goren, A., Hall, C.C. (2005). Inferences of
competence from faces predict election outcomes. Science, 308(5728),
1623-6.

Todorov, A., Said, C.P., Engell, A.D., Oosterhof, N.N. (2008).
Understanding evaluation of faces on social dimensions. Trends in
Cognitive Sciences, 12(12), 455-60.

UNAIDS/World Health Organization. (2008). Report on the Global HIV/
AIDS Epidemic. Technical Report No UNAIDS/08.25 E/JC1510E. Geneva:
UNAIDS.

UNAIDS/WHO (2009). AIDS Epidemic Update. Technical Report No
UNAIDS/09.36 E. Geneva: UNAIDS.

Vogel, E.K., Luck, S.J., Shapiro, K.L. (1998). Electrophysiological evidence
for a post-perceptual locus of suppression during the attentional blink.
Journal of Experimental Psychology: Human Perception and Performance,
24(6), 1656-74.

R. Schmilzle et al.

Vuilleumier, P. (2005). How brains beware: Neural mechanisms of emo-
tional attention. Trends in Cognitive Sciences, 9(12), 585-94.

Weinstein, N.D. (2000). Perceived probability, perceived severity, and
health-protective behavior. Health Psychology, 19(1), 65-74.

Werheid, K., Schacht, A., Sommer, W. (2007). Facial attractiveness modu-
lates early and late event-related brain potentials. Biological Psychology,
76(1), 100-8.

Wieser, M.J., Pauli, P., Reicherts, P., Mihlberger, A. (2010). Don’t look at
me in anger! - enhanced processing of angry faces in anticipation of
public speaking. Psychophysiology, 47(2), 271-80.

Williams, S.S., Kimble, D.L., Covell, N.H., Weiss, L.H., Newton, K.J.,
Fisher, J. (1992). College students use implicit personality theory instead
of safer sex. Journal of Applied Social Psychology, 22(12), 921-33.

Willis, J., Todorov, A. (2006). First impressions: making up your mind after
a 100-ms exposure to a face. Psychological Science, 17, 592-8.

Winston, J.S., Strange, B.A., O’Doherty, J., Dolan, R.J. (2002). Automatic
and intentional brain responses during evaluation of trustworthiness of
faces. Nature Neuroscience, 5(3), 277-83.

Zebrowitz, L.A., McDonald, S. (1991). The impact of litigants’ babyfaced-
ness and attractiveness on adjudications in small claims courts. Law and
Human Behavior, 15, 603-23.

2T0Z ‘12 snbny uo zuesuoy A1seAIUN e /610°sfeulno [pioxo ueds//:dny wouj papeojumoq


http://scan.oxfordjournals.org/

