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Field studies on HIV risk perception suggest that people may rely on impressions they
have about the safety of their partner. Previous studies show that individuals perceived as
“risky” regarding HIV elicit a differential brain response in both earlier (∼200–350 ms) and
later (∼350–700 ms) time windows compared to those perceived as safe. This raises
the question whether this event-related brain potential (ERP) response is specific to
contagious life-threatening diseases or a general mechanism triggered by life-threatening
but non-contagious diseases. In the present study, we recorded dense sensor EEG while
participants (N = 36) evaluated photographs of unacquainted individuals for either HIV
or leukemia risk. The ERP results replicated previous findings revealing earlier and later
differential brain responses towards individuals perceived as high risk for HIV. However,
there were no significant ERP differences for high vs. low leukemia risk. Rather than
reflecting a generic response to disease, the present findings suggest that intuitive
judgments of HIV risk are at least in part specific to sexually transmitted diseases.
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INTRODUCTION
Risk perception is a catalyst for protective health behaviors
(Armitage and Conner, 2000; Renner and Schwarzer, 2003), but
its mechanisms remain insufficiently understood. By and large,
risk perception has been conceptualized as beliefs about the prob-
ability and severity of certain health hazards (Weinstein, 2000;
Renner and Schupp, 2011). Specifically, the “risk as analysis” view
holds that risk perception is based on a deliberate gauging of the
likelihood that one will be affected by a negative event (e.g., being
infected with HIV) and the severity of that event (e.g., lethal).
However, recent theories of risk suggest that peoples’ understand-
ing of risk derives more from an “intuitive sensing” than “delib-
erate analysis” (Loewenstein et al., 2001; Slovic and Peters, 2006).
According to this perspective, the intuitive perception of risk is
a rapid, automatic, incidental and affectively charged process,
as opposed to much slower, controlled, voluntary, and cognitive
consideration of probability and severity (see also Lieberman,
2000; Hodgkinson et al., 2008).

Risk perception in the context of HIV provides a highly rele-
vant real-world example supporting the notion that risk percep-
tion builds on intuitive processing: Studies using focus groups
and retrospective interviews with HIV positive people reveal that
people usually have spontaneous impressions about risk—i.e.,
they often reported that they were convinced that their partners
were safe (Maticka-Tyndale, 1991; Gold et al., 1992; Gold, 1993;
Keller, 1993). These impressions about a potential partner’s HIV
risk may make people prone to rely on “illusory control strategies”
(Thompson et al., 2002), such as skipping condom use or selecting
safe-looking partners. Recently, a new line of research examined
the mechanisms behind these pervasive impressions of HIV risk
by measuring neural responses while participants performed eval-
uations of HIV risk. Specifically, recording event-related brain

potentials (ERPs) allows studying key features of intuitive pro-
cessing, such as the fast and frugal processes that unfold during
the first few hundred milliseconds after stimulus onset (e.g., the
first sighting of a risky- or safe-looking person). Recent ERP stud-
ies of HIV risk perception revealed that differentiation between
risky and safe individuals occurs early in the processing stream
(< 300 ms) (Schmälzle et al., 2011, 2012; Renner et al., 2012). This
early onset precedes systematic reasoning about health risks and
supports the notion of intuitive as opposed to analytic processing,
the latter being more laborious, time consuming and deliberate
(Slovic and Peters, 2006). Moreover, one specific ERP component,
the late positive potential (LPP), has been consistently observed
as a cortical marker of affective significance across a wide range
of stimuli (i.e., natural emotional scenes, facial expressions, and
symbolic gestures) (Schupp et al., 2003; Kissler et al., 2006;
Flaisch et al., 2009). Consistent with these findings, portraits of
individuals perceived as highly risky elicited significantly larger
LPPs compared to pictures of individuals believed to be safe
(Schmälzle et al., 2011, 2012; Renner et al., 2012). Finally, there
is also evidence suggesting that differences between risky and
safe individuals reflect implicit processes, i.e., that they occur in
the absence of a specific processing goal (Schmälzle et al., 2012).
Overall, these results point to the intuitive nature of HIV risk
perception.

The finding that HIV risk perception builds on intuitive
impressions raises the question, what kind of information pro-
vides the foundation for these impressions? Due to the absence of
overt signs, HIV cannot be reliably detected by visual inspection.
Thus, we hypothesize that people base their judgments of risk
on a high-risk stereotype containing a set of interrelated person-
ality characteristics related to responsibility and trustworthiness
(Renner and Schwarzer, 2003; Renner et al., 2012). Research on
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social person perception shows that inferences about such traits
are remarkably efficient and could be obtained with minimal
processing time. For instance, as little as 33 ms is sufficient to
infer trust or threat (e.g., Bar et al., 2006; Willis and Todorov,
2006). Accordingly, when people report that they “just know” the
risk posed by a certain individual, their risk ratings could actually
reflect an implicit assessment of person characteristics related to
the HIV risk stereotype. This perspective contains the critical
assumption that intuitive impressions of HIV risk are domain-
specific to implicit meaning structures of HIV, or life-threatening
contagious diseases more generally (Bishop, 1991). An alternative
possibility is that HIV risk perceptions reflect general and rather
unspecific evaluations of health status.

The present study was designed to determine whether the
quick and affect-related impressions of a person’s riskiness are
specific to HIV or reflect a more generic process. The key
characteristics of the HIV risk stereotype and intuitive sensing
of HIV risk relate to the contagiousness dimension of disease
representation (Bishop, 1991). As a contrast, leukemia was chosen
as a sufficiently similar non-contagious disease with specific key
differences (Skelton, 2006). First, leukemia is life-threatening,
which rules out confounds related to differences in seriousness
(i.e., contrasting a serious with a non-serious disease). Second,
like HIV, the early stages of leukemia are not associated with overt
symptoms. Third, both HIV and leukemia are diseases which
are widely known but have a low incidence rate. Following this
logic, we adapted the so-called AIDS-Leukemia paradigm, which
originally was devised to examine attitudes towards individuals
with HIV (Skelton, 2006). Participants in separate conditions
were asked to evaluate the riskiness of unknown individuals for
either HIV or leukemia (balanced across participants). Based on
participants’ idiosyncratic judgments, safe and risky categories for
HIV and leukemia were formed. The hypothesis that intuitive
impressions of HIV risk are domain-specific to implicit mean-
ing structures of sexually transmitted diseases predicts a signif-
icant interaction of Risk Level (low vs. high) and Disease (HIV
vs. leukemia). With regard to HIV, the replication of previous
findings of increased LPPs amplitudes for risky individuals and
early differentiation between the risk categories (< 300 ms) were
predicted. However, no significant effects were expected for low
and high leukemia risk. Alternatively, if previous findings reflect
a generic disease related process, both HIV and leukemia should
elicit similar ERP differences for high and low risk individuals,
resulting in a significant main effect of Risk Level.

MATERIALS AND METHODS
PARTICIPANTS
Forty-two volunteers (aged 20–27 years , M = 22.5, SD = 2.0, 23
females) were recruited at the University of Konstanz. Participants
received either 15e or course credits as compensation. Six partic-
ipants were excluded due to excessive EEG artifacts or insufficient
trials. Participants provided written consent, which was approved
by the Ethics Review Board of the University of Konstanz.

STIMULUS MATERIALS
The stimulus sets consisted of photographs of people in every-
day scenes (Schmälzle et al., 2011; Renner et al., 2012). The

photographs were retrieved with permission from a popular
online photo-sharing community1 and each showed a single
young adult of Caucasian appearance. Attire, socioeconomic cues,
and context were intentionally included to provide naturalistic
viewing conditions and facilitate impression formation. The two
stimulus sets consisted of either 120 females or 120 males. Each
set was complemented with 15 additional pictures comprising the
task set for the implicit condition. Each participant evaluated the
opposite sex to increase ecological validity.

PROCEDURE
A within-subject design was used to collect explicit ratings of HIV
and leukemia risk in two separate rating task conditions, counter-
balanced across participants. Both conditions were identical with
regard to stimulus materials, stimulus presentation, and format of
data collection. In each condition, the 120 (opposite sex) pictures
were presented for 2 s in a random order for each participant and
condition following a fixation cross (1 s). After a delay period of
1 s, participants were asked to evaluate how likely the presented
person is HIV positive or has leukemia on a 7-point rating scale
ranging from “very unlikely” [1] to “very likely” [7]. The next trial
was initiated after an Inter-trial interval (ITI) of 3.5 s. To minimize
possible order effects due to the novelty of the stimulus materials,
participants viewed the stimulus materials before conducting the
risk rating conditions.

CATEGORIES OF HIV AND LEUKEMIA RISK
Stimuli were categorized separately for each condition and
according to idiosyncratic risk ratings, whereby risk ratings of 1
to 3 were coded as “low risk” and 5 to 7 as “high risk”. There were
no frequency differences between low (35.1 % and 35.2 %) and
high risk (26.9 % and 27.5 %) categories for HIV and leukemia
conditions. 2 (Disease) × 2 (Risk Level) ANOVA analysis revealed
only a significant main effect of Risk Level, F(1,35) = 14.1,
p < .001, while neither the main effect of Disease, F(1,35) = 0.2,
p = .66 nor the interaction of Disease × Risk, F(1,35) = 0.1,
p = .8, was significant. Initial analysis revealed no differences
between male and female participants in HIV and leukemia risk
judgments.

ELECTROPHYSIOLOGICAL RECORDING AND DATA REDUCTION
Electrophysiological data were collected using a 257-lead Hydro-
Cel Geodesic Sensor Net (EGI: Electrical Geodesics, Inc., Eugene,
OR). The EEG was recorded continuously with a sampling rate
of 250 Hz, with the vertex sensor as reference electrode, and
on-line filtered from 0.1–100 Hz using Netstation acquisition
software and EGI amplifiers. Impedances were kept below 50
k�, as recommended for this type of amplifier. Electromagnetic
Encephalography Software (EMEGS; Junghöfer and Peyk, 2004)
software was used for analysis. Data editing and artifact rejection
were based on a method for the statistical control of artifacts
specifically devised for analyzing dense sensor EEG recordings
(Junghöfer et al., 2000). Preprocessing steps included low-pass
filtering at 40 Hz, artifact detection, ocular artifact correction
based on a multiple regression method (Miller et al., 1988), and

1http://www.flickr.com
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bad sensor interpolation (Junghöfer et al., 2000). On average, 34.7
(SD = 7.5) out of 240 trials (14.5 %) were excluded with no
difference between HIV and leukemia conditions (16.9 vs. 17.8,
t(35) = 0.9, p = .35. Data reported were converted to an average
reference and baseline-corrected for pre-stimulus (100 ms) ERP
activity, and conversion to an average reference (Junghöfer et al.,
2000).

ERP analysis
Two ERP components sensitive to HIV risk were identified by
visual inspection and single sensor waveform analysis (Schupp
et al., 2003). Careful inspection of the data revealed no ERP effects
for the leukemia condition. Accordingly, two ERP components
were scored and submitted to statistical analysis.

In a time interval between 200–300 ms post stimulus, the
fronto-central component (low vs. high HIV risk) was scored
including EGI sensors #144, 155, 164, 173, 181, 182, 183, 184,
185, 193, 194, 195, 196, 197, 202, 203, 204, 205, 206, 211, 212,
213, 214, 221, 222, 223 (right) and #40, 41, 42, 43, 44, 48, 49, 50,
51, 52, 53, 55, 56, 57, 58, 59, 60, 62, 63, 64, 65, 66, 69, 70, 71, and
72 (left). The effect appeared reversed in polarity over occipito-
temporal sites and was assessed by collapsing across the following
sensors #148, 156, 157, 158, 159, 165, 166, 167, 168, 174, 175, 176,
187 (right) and #113, 114, 115, 120, 121, 122, 123, 133, 134, 135,
136, 145, and 146 (left). The centro-frontal LPP component was
indexed as mean activity from 390–510 ms comprising right (#9,
16, 17, 22, 23, 24, 29, 30, 35, 36, 40, 41, 42, 43, 44, and 49) and left
(#4, 5, 6, 7, 14, 185, 186, 197, 198, 206, 207, 213, 214, 215, 223,
and 224) EGI sensors.

The early ERP components were submitted to a repeated-
measures ANOVA including the independent variables “Disease”
(HIV vs. leukemia), “Risk Level” (low vs. high), “Location”
(fronto-central vs. occipito-temporal), and “Laterality” (left vs.
right). The late ERP component was entered in ANOVA analysis
including the independent variables of “Disease”, “HIV Level”,
and “Laterality”. Initial analyses included also the factor Gender.
However, there were no higher-order interactions of Disease ×
Risk Level × Gender in the ERP analysis, and this factor was
not further considered. Where appropriate, degrees of freedom
were adjusted using the Greenhouse–Geisser method to correct
for violations of sphericity.

RESULTS
EXPLICIT RISK PERCEPTION: HIV AND LEUKEMIA RISK RATINGS
In a first step, risk rating distribution across both conditions was
compared to confirm substantial variance. Taking an idiosyncratic
perceptive, we first calculated the risk ratings’ variance and range
of each participant’s risk ratings before ordering them by rank.
In a second step, to illustrate the data at the group-level, we
calculated mean responses for each rank across participants. As
shown in Figure 1, mean HIV risk ratings increased from very
low (minimum = 1) to very high (maximum = 6.94). Similarly,
as shown in Figure 1, ratings of leukemia risk range from very low
(minimum = 1.02) to very high risk (maximum = 6.83). These
analyses demonstrate that the naturalistic stimuli produced broad
variations both in perceived HIV and leukemia risk within and
across participants. At the group level, HIV risk ratings (M =

FIGURE 1 | Average ratings of HIV and leukemia risk. Average ratings of
HIV and leukemia risk and associated standard errors after rank-ordering
each participant’s ratings by HIV and leukemia risk, respectively.
Participants’ ratings of HIV and leukemia risk similarly varied across the full
range of the scale (1—low risk; 7—high risk).

3.67, SD = .39) and leukemia risk ratings (M = 3.68, SD = .45)
were in the medium risk range and did not differ significantly,
t(35) = −.084, p = .93. Furthermore, neither the minima or
maxima, slope (M = .05 and M = .05) nor intercept (M = .79 and
M = .69) of the rank ordered risk ratings for HIV and leukemia
were significantly different, t(35) = −.61, p = .54 (slope) and
t(35) = .81, p = .42 (intercept).

INTUITIVE RISK PERCEPTION: ERPS
Fronto-central and occipito-temporal component (200–300 ms)
As illustrated in Figure 2A, the present study obtained evidence
for a relatively early modulation of the ERP waveform by HIV
risk. Overall, the ERP waveform presents a positive polarity over
posterior sensors and a negative polarity over anterior sites.
However, encoding risky stimuli resulted in a negative shift in
the ERP waveform over occipito-temporal sensor regions and a
corresponding positive shift over fronto-central sensor sites. The
topography of the differential ERP activity (i.e., relative posterior
negativity and anterior positivity) for high HIV risk is further
illustrated by the calculation of difference maps (high —low HIV
risk; see Figure 2B). Of most interest, as shown in Figure 2A,
there was no difference in ERP waveforms between low and high
risk categories for the leukemia condition. Substantiating these
observations, the overall ANOVA analysis revealed a significant
interaction for the factors Disease × Risk Level × Location,
F(3,105) = 10.71, p < .01, partial η2 = 0.23. Accordingly, separate
ANOVAs were calculated for both diseases.

For HIV, the ANOVA analysis revealed a significant interaction
of Risk Level × Location, F(1,36) = 8.75; p < 0.01, partial η2 =
0.20, indicating that the effects of high and low HIV risk appeared
with reversed polarity over fronto-central and occipito-temporal
sites. A main effect of HIV risk, t(36) = 3.47, p < .01, partial
η2 = 0.26, was observed over fronto-central leads, indicating a
less negative potential for high HIV risk stimuli (M = −2.02, SD
= 1.37) compared to low HIV risk (M = −2.32, SD = 1.57). The
HIV risk effect reversed in polarity over occipito-temporal sites,
t(36) = 2.48, p < 0.05, partial η2 = 0.15. High HIV risk stimuli
(M = 4.47, SD = 2.84) elicited a less positive potential compared
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FIGURE 2 | Early ERP effects of risk for HIV and leukemia risk. (A) ERP
waveforms from representative central (#197) and occipital (#135) sensors
contrasting high and low risk categories for HIV and leukemia. (B) The scalp

potential map shows the topography of the difference between the high and
low risk categories for HIV and leukemia risk averaged across the time
window from 200–300 ms.

to low HIV risk stimuli (M = 4.94, SD = 2.70). While the effect
appeared to be more pronounced over right fronto-central sites,
no effects involving the variable “Laterality” reached significance
in these analyses.

For leukemia risk, ANOVA analysis revealed no significant
interaction of Risk Level × Location, F(1,36) = 1.01; p = 0.32,
partial η2 = 0.03. For exploratory reasons, separate analyses were

conducted for fronto-central and occipito-temporal sensor clus-
ters. There was no significant difference for high (M = 5.08,
SD = 2.82) and low (M = 5.18, SD = 2.85) leukemia risk over
occipito-temporal sites, t(36) = 0.46, p = 0.65, partial η2 < 0.01.
However, a significant main effect of leukemia was observed over
fronto-central leads, t(36) = 2.16, p < .05, partial η2 = 0.12.
Interestingly, with a more negative potential for high leukemia
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risk stimuli (M = −2.25, SD = 1.33) compared to low leukemia
risk stimuli (M = −2.10, SD = 1.49), the effect appeared with
opposite polarity to the HIV risk modulation.

Centro-frontal component (390–510 ms)
A second modulation of the ERP by perceived HIV risk status
appeared in a time window between 390 and 510 ms over centro-
frontal sensor sites. Differential ERP activity (high - low HIV
risk), illustrated in Figure 3A, shows that the processing of risky
stimuli is associated with a relative positive potential. Again,
these effects were specific to the HIV condition and judgments
of high leukemia risk were associated with relatively negative
potential, unlike positive potential observed for high HIV risk.
The significant interaction of Disease × Risk Level, F(1,35) =
6.17, p < .05, partial η2 < 0.15, was followed up by a separate
analysis of both diseases.

For HIV, statistical analysis confirmed significant differences
for high (M = −1.21, SD = 1.97) and low HIV risk stimuli
(M = −1.53, SD = 1.89), t(36) = 2.00, p = .05, partial η2 =
0.10. For leukemia, high (M = −1.76, SD = 1.76) and low
(M = −1.45, SD = 2.17) risk stimuli differed only at a marginal
significance level, t(36) = 1.87, p = .07, partial η2 = 0.09, indi-
cating however an opposite polarity as observed for HIV risk (see
Figure 3B).

DISCUSSION
The present study contrasts the perception of HIV and leukemia
risk. To shed light on their neural correlates, brain signals were
recorded while participants evaluated pictures of unknown indi-
viduals for either HIV or leukemia risk. In line with previous find-
ings, differential brain responses towards high vs. low HIV risk
individuals were observed. In contrast, there were no significant
ERP differences towards individuals with high vs. low leukemia
risk.

The physical appearance of individuals provides a rich
source of information and it has been widely acknowledged
that inferences about personality characteristics based on first
impressions are second nature to humans. However, it is far less
widely recognized that such impressions might also extend to
the domain of health risk perception and trigger feelings of risk
or impulses towards disease avoidance. For instance, taking an
evolutionary perspective, Schaller (2011) proposes a “behavioral
immune system” that links perceivable signs of disease and
infection to feelings of risk and avoidance behaviors, similar to the
functions of the immune system. Avoiding an infectious disease
provides an obvious advantage for survival and accordingly
represents an adaptive mechanism. However, implicit processes
linking person appearance cues to health risk are manifold. In
some cases, these perceptual cues might be misleading since
they are linked to perceived personality characteristics rather
than actual signs of infection and disease. Specifically, research
revealed that people may base the risk of a potential partner being
infected by HIV on an intuitive mode of processing, i.e., the
feeling of risk or safety, and ERP studies revealed corresponding
neural correlates accompanying the differentiation between risky
and safe HIV judgments. One interpretation of these findings
is the assumption that implicit HIV risk stereotype knowledge

contains personality characteristics amenable to snap judgments,
which provide the basis for the intuitive sensing of risk or safety
in the context of sexually transmitted diseases (Renner et al.,
2012). This reasoning assumes that the brain correlates associated
with HIV risk judgments are specific to sexually transmitted
diseases rather than based on general tagging mechanisms of
disease or illness. The current ERP results are in favor of such a
disease-specific view of first impressions about HIV risk in that
the differential processing of high and low risk was specific to
HIV whereas no significant effects were found for leukemia.

With regard to the neural precursors of HIV risk judgments,
the current results indicate that two ERP components, an early
occipital negativity (200–300 ms) and a mid-latency central
positivity (390–510 ms), were significantly larger for risky as
compared to safe individuals. This is in line with previous find-
ings (Schmälzle et al., 2011; Renner et al., 2012) and provides
further support to the hypothesis of an intuitive mode of risk
perception with regard to key features of intuition. Specifically,
the risk as feeling hypothesis proposes a central role of affect
in the intuitive sensing of danger and risk. In this respect, both
ERP differentiations are similar to what is observed during ERP
studies of emotional stimulus processing. Research with highly
arousing emotional scenes such as erotica or mutilations as well
as low and moderately arousing materials such as emotional
faces, gestures, words, or clashing moral statements revealed these
two ERP components to have similar topography, polarity, and
latency (Junghöfer et al., 2001; Schupp et al., 2003, 2004; Kissler
et al., 2007; Van Berkum et al., 2009; Flaisch et al., 2011). These
findings suggest that risky-looking individuals elicit the brain
signature of emotional significance, which is linked to selective
visual attention. Furthermore, these findings support the notion
of a negativity bias in that stimuli signaling danger are more
effective in engaging affect processing than stimuli signaling safety
(Cacioppo et al., 1999; Baumeister et al., 2001). A further char-
acteristic of intuition is speed and fast processing time. The short
time in which the brain discriminates between risky and safe indi-
viduals (∼200 ms) clearly precedes the opportunity for systematic
reasoning about health risks. Together, these findings support the
fast and efficient processing of HIV risk related information.

While the ERP results support the hypothesis of the intuitive
perception of HIV risk, a different pattern of results emerged for
the perception of leukemia risk. Low and high risk for leukemia
was not associated with a significant modulation of the ERPs.
Specifically, there was no significant effect for the two ERP
components differentiating high and low HIV risk categories or
any other ERP component reliably differentiating between high
and low leukemia risk. The lack of significant ERP modula-
tion for leukemia risk seems not to be secondary to a lack of
differentiation in reported risk as leukemia risk ratings showed
similarly broad variations within and across participants. Inter-
estingly, contrasting the risk judgments for both diseases revealed
a remarkable similarity of data distribution with respect to mean
values, variance, and range of risk ratings (Figure 1). However, the
explicit risk ratings are in clear contrast to the ERP recordings,
which indicate pronounced differences in the ERP waveforms
accompanying risk judgments for HIV but not leukemia. To elicit
the brain signature of affect processing, i.e., enhanced LPPs, and
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FIGURE 3 | Late ERP effects of risk for HIV and leukemia risk. (A) ERP
waveforms from representative central (#198) sensor contrasting high and
low risk categories for HIV and leukemia. (B) The scalp potential map

shows the topography of the difference between the high and low risk
categories for HIV and leukemia risk averaged across the time window
from 390–510 ms.

rapidly discriminate low and high HIV risk categories, the brain
has to rely on stored memory representation, which supports fast
and frugal heuristic processing during initial perceptual encoding.
The finding that leukemia was not related to such ERP differences
suggests that the memory representation leading to systematic
ERP differences for high and low HIV risk is disease specific.

The present study is a first attempt to probe the structure and
type of information supporting intuitive sensing of HIV risk. Lay
disease representations (contagiousness and seriousness) (Bishop,
1991) were acknowledged by selecting a life threatening but not
contagious disease. This variance in contagiousness captured a
central characteristic of disease in order to discriminate whether
the ERP correlates associated with high HIV risk are at least in
part specific to HIV and sexually transmitted diseases or simply
reflect a generic process. The life-threatening nature of leukemia
also assured that the ERP differences are not secondary to

differences in seriousness. Furthermore, leukemia is well known,
minimizing the potential confound of the control condition
being unknown to college students. Control questions, collected
at the end of the study, revealed that all participants were familiar
with the disease. Finally, HIV and leukemia are low-incidence
diseases, minimizing the risk that pronounced differences in
incidence may confound interpretation. In this respect, the
findings reveal that the memory representations accessed by
intuition are distinct for contagious and non-contagious diseases.
Future studies may follow up these findings by contrasting
different kinds of contagious diseases. The domain specific view
proposed here would assume that the ERP differences related
to HIV primarily occur for sexually transmitted diseases given
that there is evidence for shared representations of a high risk
stereotype among sexually transmitted diseases (Bishop, 1991;
Renner and Schwarzer, 2003). Furthermore, the present study
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specifically selected leukemia for its lack of overt signs in the
early stage. As such, it might be informative to contrast HIV with
diseases associated with perceivable signs of infection to compare
the neural correlates across different types of intuitive processes.

It has been suggested that a high-risk stereotype of HIV
based on interrelated person characteristics provides the basis
for intuitive judgments of HIV risk (Renner and Schwarzer,
2003; Renner et al., 2012). In particular, perceptions of HIV
risk are strongly related to perceived lack of responsibility and
low trustworthiness (Schmälzle et al., 2011; Renner et al., 2012).
Several studies show that person characteristics, in particular
trust, can be extracted quickly and with little effort, making
people prone to form first impressions (Bar et al., 2006; Willis and
Todorov, 2006). In a previous study, categorizing EEG data based
on ratings of responsibility and trustworthiness showed similar
ERP effects as obtained for HIV risk (Schmälzle et al., 2011),
suggesting that HIV risk, trustworthiness, and responsibility share
common meaning structures. Furthermore, a recent fMRI study
of HIV risk perception (Häcker et al., 2010) revealed that high
HIV risk was associated with increased activations in the insular
cortex, a structure that has also been implicated in perceptions of
trust (Castle et al., 2012). Notably, increased insular activations
for high HIV risk were observed during implicit and explicit
processing conditions and a similar finding was obtained in an
earlier ERP study (Schmälzle et al., 2011). Likewise, implicit and
explicit trustworthiness perceptions were related to the activation
of the amygdala and insular cortex (Winston et al., 2002;
Todorov and Engell, 2008). Thus, inferences about HIV risk and
related person characteristics may build upon a partially shared
representation associated with a general disposition for avoidance
behavior (Todorov et al., 2008). Future work should explore
which cues are utilized as signs of high or low HIV risk as well as
a broader range of person characteristics such as trustworthiness,
aggressiveness, sexual orientation, or attractiveness (e.g., Willis
and Todorov, 2006; Rule and Ambady, 2008).

CONCLUSION
HIV continues to be a serious challenge. To date, prevention
remains the main strategy to dam rising infection rates. Therefore,
it is indispensable to understand any barrier to effective preven-
tive behaviors. Intuition about HIV risk may oppose consistent
condom use by inducing a false sense of control. The present
findings demonstrate that the heuristic processing underlying
such intuitions is at least in part domain specific for sexually
transmitted diseases.

ACKNOWLEDGMENT
This research was supported in part by the German Research
Foundation (DFG) and the Baden-Württemberg Ministry of Sci-
ence, Research and the Arts (Grant 91B GG INST 38/503-1 to
Brita Renner).

REFERENCES
Armitage, C. J., and Conner, M. (2000). Social cognition models and

health behavior: a structured review. Psychol. Health 15, 173–189. doi: 10.
1080/08870440008400299

Bar, M., Linz, H., and Neta, M. (2006). Very first impressions. Emotion 6, 269–278.
doi: 10.1037/1528-3542.6.2.269

Baumeister, R. F., Bratslavsky, E., Finkenauer, C., and Vohs, K. D. (2001). Bad is
stronger than good. Rev. Gen. Psychol. 5, 323–370. doi: 10.1037/1089-2680.5.4.
323

Bishop, G. D. (1991). “Understanding the understanding of illness: lay disease
representations,” in Mental Representation in Health and Illness, eds J. A. Skelton
and R. T. Croyle (New York: Springer Verlag), 32–60.

Cacioppo, J. T., Gardner, W. L., and Berntson, G. G. (1999). The affect system has
parallel and integrative processing components: form follows function. J. Pers.
Soc. Psychol. 76, 839–855. doi: 10.1037//0022-3514.76.5.839

Castle, E., Eisenberger, N. I., Seeman, T. E., Moons, W. G., Boggero, I. A., Grinblatt,
M. S., et al. (2012). Neural and behavioral bases of age differences in perceptions
of trust. Proc. Natl. Acad. Sci. U S A 109, 20848–20852. doi: 10.1073/pnas.
1218518109

Flaisch, T., Häcker, F., Renner, B., and Schupp, H. T. (2011). Emotion and the
processing of symbolic gestures: an event-related brain potential study. Soc.
Cogn. Affect. Neurosci. 6, 109–118. doi: 10.1093/scan/nsq022

Flaisch, T., Schupp, H. T., Renner, B., and Junghöfer, M. (2009). Neural systems of
visual attention responding to emotional gestures. Neuroimage 45, 1339–1346.
doi: 10.1016/j.neuroimage.2008.12.073

Gold, R. S. (1993). “On the need to mind the gap: on-line versus off-line cognitions
underlying sexual risk-taking,” in The Theory of Reasoned Action: Its Application
to AIDS Preventive Behavior, eds D. Terry, C. Gallois and M. McCamish (Oxford:
Pergamon Press), 227–252.

Gold, R. S., Karmiloff-Smith, A., Skinner, M. J., and Morton, J. (1992). Situational
factors and thought processes associated with unprotected intercourse in het-
erosexual students. AIDS Care 4, 305–323. doi: 10.1080/09540129208253101

Häcker, F., Schmälzle, R., Flaisch, T., Schupp, H. T., and Renner, B. (2010). The
perception of HIV risk: an fMRI analysis of intuitive processes. Psychophysiology
47(Suppl. 1), S66.

Hodgkinson, G. P., Langan-Fox, J., and Sadler-Smith, E. (2008). Intuition: a
fundamental bridging construct in the behavioural sciences. Br. J. Psychol. 99,
1–27. doi: 10.1348/000712607x216666

Junghöfer, M., Bradley, M. M., Elbert, T. R., and Lang, P. J. (2001). Fleeting images:
a new look at early emotion discrimination. Psychophysiology 38, 175–178.
doi: 10.1111/1469-8986.3820175

Junghöfer, M., Elbert, T., Tucker, D. M., and Rockstroh, B. (2000). Statistical control
of artifacts in dense array EEG/MEG studies. Psychophysiology 37, 523–532.
doi: 10.1111/1469-8986.3740523

Junghöfer, M., and Peyk, P. (2004). Analysis of electrical potentials and magnetic
fields of the brain. Matlab Select 2, 24–28.

Keller, M. L. (1993). Why don’t young adults protect themselves against sexual
transmission of HIV? Possible answers to a complex question. AIDS Educ. Prev.
5, 220–233.

Kissler, J., Assadollahi, R., and Herbert, C. (2006). Emotional and semantic net-
works in visual word processing: insights from ERP studies. Prog. Brain Res. 156,
147–183. doi: 10.1016/S0079-6123(06)56008-X

Kissler, J., Herbert, C., Peyk, P., and Junghöfer, M. (2007). Buzzwords: early cortical
responses to emotional words during reading. Psychol. Sci. 18, 475–480. doi: 10.
1111/j.1467-9280.2007.01924.x

Lieberman, M. D. (2000). Intuition: a social cognitive neuroscience approach.
Psychol. Bull. 126, 109–137. doi: 10.1037//0033-2909.126.1.109

Loewenstein, G. F., Weber, E. U., Hsee, C. K., and Welch, N. (2001). Risk as feelings.
Psychol. Bull. 127, 267–286. doi: 10.1037/0033-2909.127.2.267

Maticka-Tyndale, E. (1991). Sexual scripts and AIDS prevention: variations in
adherence to safer-sex guidelines by heterosexual adolescents. J. Sex Res. 28, 45–
66. doi: 10.1080/00224499109551594

Miller, G. A., Gratton, G., and Yee, C. M. (1988). Generalized implementation of
an eye movement correction procedure. Psychophysiology 25, 241–243. doi: 10.
1111/j.1469-8986.1988.tb00999.x

Renner, B., Schmälzle, R., and Schupp, H. T. (2012). First impressions of HIV
risk: it takes only milliseconds to scan a stranger. PLoS One 7:e30460. doi: 10.
1371/journal.pone.0030460

Renner, B., and Schupp, H. T. (2011). “The perception of health risks,” in The
Oxford Handbook of Health Psychology, Oxford Library of Psychology, Part 4, ed
H. Friedman (New York: Oxford University Press), 26.

Renner, B., and Schwarzer, R. (2003). Risikostereotype, Risikowahrnehmung und
Risikoverhalten im Zusammenhang mit HIV [Risk stereotypes, risk perception
and risk behavior in relation to HIV]. Z. Gesundheitspsychol. 11, 112–121.
doi: 10.1026//0943-8149.11.3.112

Frontiers in Behavioral Neuroscience www.frontiersin.org November 2013 | Volume 7 | Article 166 | 7

http://www.frontiersin.org/Behavioral_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Behavioral_Neuroscience/archive


Barth et al. Neural correlates of risk: HIV vs. leukemia

Rule, N. O., and Ambady, N. (2008). Brief exposures: male sexual orientation is
accurately perceived at 50 ms. J. Exp. Soc. Psychol., 44, 1100–1105. doi: 10.1016/j.
jesp.2007.12.001

Schaller, M. (2011). The behavioural immune system and the psychology of human
sociality. Philos. Trans. R. Soc. Lond. B. Biol. Sci. 366, 3418–3426. doi: 10.
1098/rstb.2011.0029

Schmälzle, R., Renner, B., and Schupp, H. T. (2012). Neural correlates of perceived
risk: the case of HIV. Soc. Cogn. Affect. Neurosci. 7, 667–676. doi: 10.1093/scan/
nsr039

Schmälzle, R., Schupp, H. T., Barth, A., and Renner, B. (2011). Implicit and explicit
processes in risk perception: neural antecedents of perceived HIV risk. Front.
Hum. Neurosci. 5:43. doi: 10.3389/fnhum.2011.00043

Schupp, H. T., Junghöfer, M., Weike, A. I., and Hamm, A. O. (2003). Emotional
facilitation of sensory processing in the visual cortex. Psychol. Sci. 14, 7–13.
doi: 10.1111/1467-9280.01411

Schupp, H. T., Öhman, A., Junghöfer, M., Weike, A. I., Stockburger, J., and Hamm,
A. O. (2004). The facilitated processing of threatening faces: an ERP analysis.
Emotion 4, 189–200. doi: 10.1037/1528-3542.4.2.189

Skelton, J. A. (2006). How negative are attitudes toward persons with AIDS?
Examining the AIDS–leukemia paradigm. Basic Appl. Soc. Psychol. 28, 251–261.
doi: 10.1207/s15324834basp2803_4

Slovic, P., and Peters, E. (2006). Risk perception and affect. Curr. Dir. Psychol. Sci.
15, 322–325. doi: 10.1111/j.1467-8721.2006.00461.x

Thompson, S. C., Kyle, D., Swan, J., Thomas, C., and Vrungos, S. (2002). Increasing
condom use by undermining perceived invulnerability to HIV. AIDS Educ. Prev.
14, 505–514. doi: 10.1521/aeap.14.8.505.24115

Todorov, A., and Engell, A. (2008). The role of the amygdala in implicit evaluation
of emotionally neutral faces. Soc. Cogn. Affect. Neurosci. 3, 303–312. doi: 10.
1093/scan/nsn033

Todorov, A., Said, C. P., Engell, A. D., and Oosterhof, N. N. (2008). Understanding
evaluation of faces on social dimensions. Trends Cogn. Sci. 12, 455–460. doi: 10.
1016/j.tics.2008.10.001

Van Berkum, J. J., Holleman, B., Nieuwland, M., Otten, M., and Murre, J.
(2009). Right or wrong? The brain’s fast response to morally objection-
able statements. Psychol. Sci. 20, 1092–1099. doi: 10.1111/j.1467-9280.2009.
02411.x

Weinstein, N. D. (2000). Perceived probability, perceived severity, and health-
protective behavior. Health Psychol. 19, 65–74. doi: 10.1037//0278-6133.
19.1.65

Willis, J., and Todorov, A. (2006). First impressions: making up your mind after a
100-ms exposure to a face. Psychol. Sci. 17, 592–598. doi: 10.1111/j.1467-9280.
2006.01750.x

Winston, J. S., Strange, B. A., O’Doherty, J., and Dolan, R. J. (2002). Automatic and
intentional brain responses during evaluation of trustworthiness of faces. Nat.
Neurosci. 5, 277–283. doi: 10.1038/nn816

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Received: 06 September 2013; accepted: 01 November 2013; published online: 19
November 2013.
Citation: Barth A, Schmaelzle R, Renner B and Schupp HT (2013) Neural cor-
relates of risk perception: HIV vs. leukemia. Front. Behav. Neurosci. 7:166. doi:
10.3389/fnbeh.2013.00166
This article was submitted to the Journal Frontiers in Behavioral Neuroscience.
Copyright © 2013 Barth, Schmaelzle, Renner and Schupp. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, pro-
vided the original author(s) or licensor are credited and that the original publi-
cation in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Behavioral Neuroscience www.frontiersin.org November 2013 | Volume 7 | Article 166 | 8

http://dx.doi.org/10.3389/fnbeh.2013.00166
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org/Behavioral_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Behavioral_Neuroscience/archive
http://dx.doi.org/10.3389/fnbeh.2013.00166
http://creativecommons.org/licenses/by/3.0/

	Neural correlates of risk perception: HIV vs. leukemia
	Introduction
	Materials and Methods
	Participants
	Stimulus materials
	Procedure
	Categories of HIV and Leukemia risk
	Electrophysiological recording and data reduction
	ERP analysis


	Results
	Explicit risk perception: HIV and Leukemia risk ratings
	Intuitive risk perception: ERPs
	Fronto-central and occipito-temporal component (200–300 ms)
	Centro-frontal component (390–510 ms)


	Discussion
	Conclusion
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


