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Despite unimpressive tooth and claw, in little more than 100,000 years humans have
worked their way to the top of the food chain. This success is due in large part to the evo-
lution of large frontal lobes that allow humans to negotiate complex and highly effective
social relationships (Dunbar, 2007). One important suite of abilities located in the frontal
lobes are the executive functions, which are responsible for planning, coordinating, and
integrating the basic cognitive and affective processes with which people navigate their
everyday existence. A critical component of executive functioning is the ability to inhibit
inappropriate thought and action (Dempster, 1992; Hasher & Zacks, 1988; Hasher et al.,
1999). Inhibition is necessary for negotiation (and subsequent compromise) of competing
goals, and also for the delay of gratification required to pursue long-term goals once they
are chosen (Dunbar, 1992; Eigsti et al., 2006). These important tasks place inhibitory
ability at the center of successful social functioning.

It is easy to imagine how inhibitory control might have evolved in humans, as increas-
ingly complex social interaction would have placed a premium on voluntary control over
appetitive and aggressive urges (Bjorklund & Harnishfeger, 1995). Thus, the evolution of
self-control probably began with the development of the prefrontal cortex and its connec-
tions with the limbic system. According to this view, inhibition is likely to be integral to
social harmony, as it allows people to withhold strong responses while considering the
personal, social, and long-term implications of their actions. In this chapter we explore
the relationship between executive functioning and self-control by examining two types
of self-control failure. The first type of self-control failure we consider is that brought

about by age-related declines in inhibitory functioning. Here we review research on the
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manner in which age-related losses in executive control can lead to increased prejudice
and social inappropriateness, and under certain circumstances, increased depression and
problem gambling. The second type of self-control failure we consider is that brought
about by the availability of mating opportunities. Here we review research on the manner
in which mating opportunities lead to increased risk taking and the possible role of execu-
tive functions in this effect.
AGING, INHIBITION, AND SELF-CONTROL

In late adulthood the brain gradually shrinks in total volume and weight. The frontal
lobes in particular show atrophy with age (Dempster, 1992). Because the frontal lobes are
the seat of executive functions, including tasks such as planning and controlling thought
and behavior (Banfield et al, 2004; West, 1996), an important consequence of atrophy of
the frontal lobes is poor executive functioning, including reduced ability to inhibit irrele-
vant or unwanted thoughts (Dempster, 1992; West, 1996). Because such failures at
thought control lead to contamination of ongoing mental activities with unwanted infor-
mation, age-related deficits in inhibitory ability have been implicated in a variety of cog-
nitive deficits (Hasher & Zacks, 1988; Hasher et al., 1999). Inhibitory processes are also
theoretically linked to a variety of social phenomena, but to date there are only a few em-
pirical investigations of the impact of age-related inhibitory losses on social functioning.

Aging, inhibition, and prejudice: Older Americans tend to be more prejudiced than
their younger counterparts (Schuman et al., 1997; Wilson, 1996). This age difference is
thought to be related to the historical periods in which the different generations were so-
cialized, and indeed people were more prejudiced 30 and 50 years ago than they are today

(Schuman et al., 1997). Nevertheless, this “generational” explanation for age differences
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in prejudice might be only part of the story, as older adults might have greater difficulty
than younger adults inhibiting unintentionally activated stereotypes.

In an influential model of prejudice, Devine (1989) proposed that because our culture
is suffused with stereotypes concerning African-Americans, these stereotypes become
over-learned and are automatically activated upon encounters with individual African-
Americans. What differentiates non-prejudiced from prejudiced individuals in this model
is not whether prejudiced thoughts are activated, but whether individuals inhibit those
thoughts and replace them with more egalitarian beliefs. Prejudiced individuals are
thought to endorse the stereotypic thoughts that are automatically activated, and non-
prejudiced individuals are thought to reject and subsequently inhibit the stereotypic
thoughts. Thus, an important implication of this model of prejudice is that individual dif-
ferences in inhibitory ability should be associated with individual differences in preju-
dice. Because older adults have greater difficulty inhibiting unwanted information (Hash-
er & Zacks, 1988; Hasher et al., 1999), this model of prejudice suggests that they might
become more prejudiced than younger adults due to their more frequent failure at inhibit-
ing their stereotypes.

Consistent with this line of reasoning, we found that older white adults show greater
stereotyping and prejudice toward African Americans than younger white adults, despite
being more concerned about impression management and more motivated to control their
prejudices (von Hippel, Silver, & Lynch, 2000). Furthermore, when we measured inhibi-
tory ability (by giving participants paragraphs that contain distracting text and asking
them to read the paragraphs aloud without vocalizing the distracting text; see Connelly et

al., 1991), we found that the age differences in stereotyping and prejudice were mediated
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by age differences in inhibition. That is, older adults only showed greater stereotyping
and prejudice to the degree that they also showed greater difficulty inhibiting their vo-
calization of the distracting text. Additionally, individual differences in inhibition were
associated with individual differences in prejudice among both older and younger adults,
suggesting that the inhibition/prejudice link in older adults is not simply a byproduct of
incipient dementia.

Three types of studies have now provided results that extend these earlier findings.
First, Radvansky, Copeland, and von Hippel (2008) conducted an experiment in which
older and younger adults were presented with stories that contained stereotypic content
that was hinted at, but not stated explicitly. After such inference-inviting sentences, par-
ticipants were occasionally interrupted to complete a lexical decision task assessing acti-
vation of a word highly related to the inference (e.g., after the sentence, “Susan saw that
Jamal didn’t help”, participants were tested with the word lazy). Participants were also
tested after inference-inviting sentences that were stereotype neutral and after sentences
in which no inference was likely (used as control sentences). Results revealed that com-
pared to the control sentences, younger adults were faster to identify the inference-
relevant neutral words, but slower to identify the inference-relevant stereotypic words. In
contrast, older adults were also faster to identify the inference-relevant neutral words, and
non-significantly faster to identify the inference-relevant stereotypic words. These find-
ings suggest that younger adults are inhibiting their stereotypic inferences on-line, but
older adults are failing to do so.

Second, Gonsalkorale, Sherman, and their colleagues (2007) conducted secondary

analyses of web-based IAT data that were collected with very large samples. Their analy-
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ses relied on the Quad Model (Conrey et al, 200x) to parse people’s IAT scores into four
different subcomponents. For our purposes, the most important subcomponent is what
they call overcoming bias. This measure indicates people’s ability to over-ride any bias
they might have toward the target category. In their secondary analyses, Gonsalkorale et
al. (2007) find that older adults show greater prejudice than younger adults on the IAT
because they have greater difficulty overcoming bias.

Third, in a very different type of paradigm, Henry, von Hippel, and Baynes (2007)
conducted a study in which older adults’ peers reported on a variety of their behaviors.
One aspect of their behavior that was included in the peer report was the tendency to rely
on stereotypes and to be prejudiced toward others based on race or ethnicity. Henry et al.
found that participants’ peer reports of their tendency to rely on stereotypes and to be
prejudicial were predicted by the participants’ own scores on measures of inhibitory func-
tioning (measured via the Trail Making Test). Furthermore, the predictive ability of the
inhibitory measure was independent of the participants’ scores on a measure of cognitive
functioning designed to assess incipient dementia and was also independent of a measure
of perspective taking. These findings suggest that inhibition plays an independent role in
increased prejudice with age, beyond that which might be caused by diminished cognitive
functioning in general, and beyond that which might be caused by age-related deficits in
theory of mind.

These data suggest that because prejudice toward African Americans conflicts with
universally held egalitarian beliefs, older adults attempt (but fail) to inhibit their racist
feelings. Not all prejudices conflict with egalitarianism (Crandall & Eshleman, 2003),

however, and thus not all age differences in prejudice should be mediated by inhibitory
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deficits. For example, people who are prejudiced against gays perceive homosexuality as
a chosen lifestyle (Herek, 1994), and thus for them anti-gay prejudice does not conflict
with egalitarianism (and thus is unlikely to be met with inhibitory efforts). These attitudes
themselves are highly correlated with social conservatism and fundamentalist religious
beliefs (Altemeyer, 2003; Herek, 1994), suggesting that age differences in anti-gay preju-
dice may have more to do with conservatism than with inhibitory failure. Consistent with
this line of reasoning, a nationally representative survey of older and younger white
Americans revealed greater prejudice toward gay men and African Americans among
older than younger respondents. Importantly, the increased prejudice toward gay men
among older adults was fully mediated by age differences in conservatism, whereas the
increased racism among older adults was unrelated to conservatism (von Hippel, Rad-
vansky, & Copeland, 2008). Thus, some age differences in prejudice (e.g., anti-gay preju-
dice) might represent cohort effects whereas others (e.g., anti-Black prejudice) might not.

Aging, inhibition, and social inappropriateness: Age-related inhibitory losses have
also been implicated in two other types of social inappropriateness. First, older adults are
more likely than younger adults to talk excessively and about topics that are irrelevant to
the stream of conversation (Pushkar et al., 2000). This increase in “off-target verbosity”
is associated with diminished inhibitory ability (measured via the Trail Making Test, the
Stroop test, and verbal fluency), which leaves older adults less capable of stopping their
conversation and remaining on topic.

Inhibition might also be necessary to restrain ourselves from verbalizing thoughts that
are better left unsaid, and thus inhibitory deficits might lead older adults to make socially

inappropriate remarks. Consistent with this possibility, we found that older adults were
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more likely than younger adults to inquire about private issues in public settings (e.g.,
about family problems or possible weight gain), and this age difference in social inappro-
priateness was mediated by inhibitory deficits (von Hippel & Dunlop, 2005). In this
study, inhibition was measured with a trivia test that includes bogus items that require
respondents to inhibit their prepotent response (e.g., responding “Black”, to, “What color
are a tiger’s spots?”). Furthermore, these age differences emerged despite the fact that
older and younger adults agree that it is inappropriate to inquire about such issues in pub-
lic settings (and indeed older adults in particular felt less close to those who inquired
about private issues in public). These findings suggest a dissociation between knowledge
of social rules and the ability to follow them that is consistent with other types of frontal
lobe damage (reference).

These findings have now been replicated and extended in the study mentioned above,
in which peers reported on older participants’ behavior outside the lab (Henry et al.,
2007). Along with measures of prejudice, participants’ peers also reported on their so-
cially inappropriate behavior (e.g., “embarrasses people unintentionally”). As with the
prejudice measure, peer-rated social inappropriateness was related to inhibitory ability (as
measured by the Trail Making Test), independent of scores on a test of general cognitive
functioning and independent of scores on a perspective taking scale.

These studies have the advantage that they link the report of participants’ peers to their
own inhibitory functioning, but they have the disadvantage that the behavior of interest is
taking place outside the lab, and thus in a manner that is unobservable. We have, how-
ever, made a few tentative steps in the direction of assessing social inappropriateness in

the lab. First, in the Henry et al (2007) study we also gave them an opportunity to say
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something inappropriate by “inadvertently”” having a screen saver emerge on the com-
puter screen in which the young Caucasian female experimenter is depicted in a love-
heart with an older Aboriginal male. When older and younger adults then evaluated the
expressions and comments recorded by a hidden camera, their ratings of the inappropri-
ateness of participants’ responses to the screen saver were predicted by the peer reports of
social inappropriateness outside the lab. Additionally, ratings of the inappropriateness of
participants’ responses to the screen saver were also predicted by a measure of inhibitory
functioning (the fluency test). However, fluency scores did not significantly predict peer-
reported inappropriateness, and they only predicted responses to the screen saver among
participants who showed no signs of dementia on the cognitive screening measure. Thus,
these results must be considered tentative at this point in time.

In a second effort to assess social inappropriateness in real time we conducted a study
in which we manipulated inhibitory ability in an effort to see if it would lead to changes
in social inappropriateness. To manipulate inhibitory ability, we relied on the fact that
circadian rhythms are known to influence inhibitory ability, with older adults typically
showing better inhibition earlier rather than later in the day and younger adults showing
the opposite pattern (Hasher et al., 1999). These patterns of inhibitory functioning appear
to reflect age-differences in broader circadian rhythms in biological and cognitive func-
tioning that also emerge in non-human animals (Winocur & Hasher, 2004). In this study,
older and younger Caucasian Australians were brought to the laboratory in the morning
or late afternoon and told that we were interested in their opinion on international events.
Ostensibly to provide them with an example of the type of opinion we were interested in,

the Chinese experimenter provided an example of his own opinion that was designed to
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provoke an argument (i.e., he noted that he thought China would soon be the world’s su-
perpower). Participants were only told this information in passing, and were not asked to
comment on it, and thus any arguments with the experimenter at this point can be consid-
ered gratuitous. Both young and old adults were highly unlikely to argue with the provo-
cateur in the morning, but almost half of the older participants spontaneously voiced their
disagreement when tested in the afternoon. These results suggest that deficits in inhibi-
tory functioning led older adults to argue with the experimenter, but circadian rhythms
influence cognitive functioning in a manner that is much broader than just executive con-
trol, so this finding awaits further research to assess the specific role of inhibitory func-
tioning in the increased likelihood of engaging in gratuitous arguments.

These findings suggest that independent of other cognitive losses, older adults who
show deficits in inhibitory functioning show related increases in their tendency to engage
in socially inappropriate behavior. If these effects of inhibitory deficits really are distinct
from the effects of incipient dementia, however, then it should also be the case that
younger adults who have relatively poor inhibitory functioning are also more likely to
make socially inappropriate comments. To test this possibility, von Hippel and Gon-
salkorale (2005) told young adult Caucasian participants that they were participating in a
study on the effects of food chemicals on memory. Half of the participants were then told
by a Chinese experimenter that they were going to get to eat her favorite food, which was
also the national dish of China. The other half of the participants were told by a Cauca-
sian experimenter that they would be eating Chinese food. Independent of this manipula-
tion, half of the participants were then asked to try to remember an 8-digit number, and

half were not given this task. In close proximity to their face, the experimenter then
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opened a dish containing an intact chicken foot, including the toenails, cooked in a Chi-
nese style. A hidden video camera revealed that participants were least likely to make a
negative expression or comment if they were not cognitively busy and if the Chinese ex-
perimenter had placed social pressure on them with her claims about the food’s impor-
tance. Additionally, participants in only this condition also showed a relationship be-
tween their inhibitory ability (measured via the Stroop) and their tendency to make a
positive or neutral expression or comment. These results with young adults suggest that
increased social inappropriateness with age is not just a sign of early stages of dementia,
as younger adults also appear to rely on their inhibitory skills to keep socially inappropri-
ate thoughts in check.

Aging, inhibition, and depression: Poor inhibitory ability is not only associated with
cognitive and social problems, it is also related to depression (Hertel, 1997). Although
depression might cause inhibitory deficits, age-related inhibitory deficits might also con-
tribute to late-onset depression by impairing control of excessive rumination (Davis &
Nolen-Hoeksema, 2000). Note, however, that inhibitory deficits should not lead all, or
even most, older adults to excessive rumination. Rather, only those older adults who rely
on inhibitory control to stop themselves from ruminating (either chronically or when con-
fronted by negative life events) are likely to develop problems with rumination if they
have poor executive control. Older adults disinclined to ruminate and older adults who
ruminate but do not try to suppress their ruminative thoughts should not show a relation-
ship between inhibition and rumination.

Deficits in executive control are particularly apparent in depression having its ini-

tial onset in older adulthood (typically defined as at or after sixty years of age; for a re-
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view see Alexopoulos, 2003). This suggests the possibility that inhibitory deficits may
contribute to depressive symptoms because they bring decreased capacity for self-
regulation in the face of negative life events. Additionally, age-related deficits in execu-
tive control may increase vulnerability to depression among older adults who may have
been prone to depressogenic patterns of thinking throughout their lives. In sum, an inabil-
ity to exert effective executive control over persistent negative or ruminative thoughts
may contribute to depressive symptomatology in older adulthood. According to this hy-
pothesis, late-onset depression is more likely to be associated with deficits in inhibitory
function and executive control than is early-onset depression (for which poor inhibition is
less likely to be a central causal factor). As such, among depressed older adults, late onset
of symptoms should be associated with poor inhibitory ability, whereas early onset of
symptoms may or may not be associated with inhibitory ability. Moreover, the relation
between inhibitory deficits and late-onset depression should be mediated by rumination.
Consistent with this reasoning, we found that inhibitory deficits (measured via the
Stroop test, the distracting text task described above, and a working memory task) pre-
dicted greater depression among late-onset but not early-onset depressed older adults, and
that inhibitory deficits had their impact via their role in rumination (von Hippel, Vasey,
Gonda, & Stern, in press). That is, among older adults with late-onset depression, poorer
inhibition predicted increased rumination, which in turn predicted increased depression.
In contrast, among older adults with early-onset depression inhibitory deficits were not
associated with ruminative tendencies, suggesting that these individuals were not relying
on inhibition to control their rumination, and in all likelihood had developed depression

for other reasons.
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In the case of depression, however, we cannot rule out the possibility that dementia is
the root cause of the apparent relationship between inhibitory deficits and late-onset de-
pression, as both are highly associated with dementia. Nevertheless, recent evidence sug-
gests that inhibitory ability is also linked to rumination among younger adults (Whitmer
& Banich, 2007), and thus further research might disentangle dementia from the relation-
ship between inhibition and depression by focusing on a younger cohort. Although indi-
vidual differences in executive control among younger adults are smaller than those
among older adults, sufficiently sensitive measures might reveal that inhibitory function-
ing predicts depression across the lifespan in a subset of the population (those with rumi-
native tendencies that they control via thought suppression).

Aging, inhibition, and problem gambling: Analogous to the case with late-onset de-
pression, poor inhibitory ability is unlikely to lead to gambling problems in all or even
most older adults. Rather inhibitory deficits might lead to gambling problems only among
those who struggle with their desire to gamble. That is, people who enjoy gambling might
be at risk for developing gambling problems as they age, due to losses in the ability to
restrain their urge to gamble. To test this possibility, we recruited older adults from vari-
ous gambling establishments, and measured their level of gambling problems via a popu-
lar self-report measure (the South Oaks Gambling Screen, LeSieur & Blume, 1987). We
found that older adults who gamble suffer from greater gambling problems to the degree
that they also have poor executive control (measured via the Trail Making Test; von Hip-
pel, Ng, et al., 2007). In a follow-up study, we replicated this relationship and also found
that scores on the South Oaks Gambling Screen predicted greater geriatric depression via

their impact on financial stress. Furthermore, these relationships emerged independent of
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general cognitive functioning. These findings suggest that older adults who enjoy gam-
bling develop greater gambling problems if they suffer losses in inhibitory control, and
furthermore, that these gambling problems are important, as they appear to be causing
significant levels of financial distress and consequent increases in depression.

The problem with these studies, however, is that they rely exclusively on self-report
measures of gambling problems. If deficits in inhibitory functioning cause gambling
problems among older adults because they make it difficult for them to suppress their
urge to gamble, then they should lead to greater perseveration at gambling in the face of
losses. In an initial test of this possibility, von Hippel and Hucker (2008) conducted an
experiment in which older adults played a computerized gambling game with real win-
nings, either in the morning or the afternoon. The game was pre-programmed to appear
random but initially provide more wins than losses. After participants had accumulated
some winnings, they were told that they could continue to play for as long as they liked
or until they lost all their winnings. Unbeknownst to them, at that point the program
shifted so that the game no longer provided any wins, thereby enabling the assessment of
perseverance in the absence of reward. Consistent with predictions, older adults re-
sponded more readily to the absence of reward and stopped playing more quickly in the
morning than in the afternoon, and this effect was most pronounced among older adults
whose circadian rhythms identified them clearly as “morning types”. These findings
again implicate inhibitory deficits in gambling perseveration, but because circadian
rhythms influence general cognitive functioning, beyond just inhibitory control, it re-
mains for further research to establish that inhibition is the mechanism underlying this

effect.
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MATING, RISK-TAKING, AND SELF-CONTROL

Parental investment is a lopsided affair for humans and biological differences in re-
productive capacity have led to the adaptation of different investment strategies across
the two sexes (Trivers, 1972). For females, successful procreation comes at a consider-
able cost; gestation, birth, the nursing of infants and a greater role in the ongoing provi-
sion of care means that there is a reproductive ceiling for women that is not paralleled in
males. If there is a ceiling for men, it is theoretically bound only by access to fertile
mates and mortality. Under such circumstances, mate access becomes a reproductive re-
source attracting fierce competition (Dekel & Scotchmer, 1999), and sexual size dimor-
phism suggests a long history of polygamy amongst humans (Leigh, 1992), whereby
males competed for access to females.

All forms of competition involve a level of risk, and in this case reproductive success
rests upon an organism'’s responsiveness to the shifting scales of potential costs and bene-
fits. In evolutionary terms, the fulcrum on which these scales rest is genetic survival, with
the survival of any particular organism being important only insofar as it serves to meet
this super-ordinate goal. Genetic replication is maximized via the selection of traits that
ensure successful and prolific reproduction, and the greater the potential variation in re-
productive success, the greater the competitive pressures of selection.

Both biologically and historically, the reproductive potential of males varies dramati-
cally. One particularly intriguing line of evidence comes from the DNA study of Y-

chromosomal lineage within Asia that finds eight percent of men within this region share
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a common biological ancestor, who may well be Ghengis Khan (Zerjal et al., 2003).
Genghis Khan was no stay-at-home, and it is hard to conceive of his more risk-averse
contemporaries achieving such a legacy. The sedentary life might be less treacherous, and
its appeals are not to be scoffed at — old age and a faithful family, while modest in com-
parison, are not a genetic cul-de-sac — but the pressures of selection mean that the spirit
of the Khans endure in many men to this day. Thus, the tension between a desire for safe-
ty and survival and the allure of a more competitive, riskier path might be seen as an
adaptive legacy that within a contemporary context, plays itself out in many maladaptive
ways (Daly & Wilson, 2001, 2005; Wilson & Daly, 1985).

Inhibitory control is fundamental in maintaining this tension, providing a counterpoint
to the more primitive limbic drives, such as the desire to mate (Bjorklund & Harnishfe-
ger, 1995). Consider our proverbial anthropoid ancestor whose diminutive frame casts
him as no match for the alpha male of his group. While he is sexually driven to mate,
wantonly soliciting sex with the alpha male's harem would not end well. An inhibitory
mechanism that served to temper such a drive might help him bide his time, strategize,
and plan a more fruitful, albeit circuitous path to his goal and the subsequent survival of
his genetic blueprint. Nevertheless, cues that signaled sexual invitation, an increase in
one's immediate social power, or the opportunity to co-opt a particularly good combina-
tion of genetic material into one's own genetic legacy might be enough to shift the tension
even in such an ancestor. In such cases, an adaptive response might be for self-regulatory

"failure™. Here we report on three preliminary studies that explore how the executive sys-
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tems of young males respond to these contextual cues.

Physical Attraction, Risk-Taking and Self-Control

At a basic level, attractiveness signals an individual’s genetic capacity to ward off en-
vironmental teratogens in utero, as well as other environmental assaults throughout de-
velopment (Gangestad & Thornhill, 1994). Where female attractiveness denotes genetic
fitness and therefore fertility, it also signals an increase in the potential gains associated
with the kind of successful risk-taking that might lead to copulation and the possibility of
reproduction. For this reason, a biological system that caused our ancestral male to focus
on the here and now, to the exclusion of otherwise important considerations, in the pres-
ence of an attractive, potential mate, might have been adaptive.

One study that lends support to such speculation is Daly and Wilson’s (2004) research
documenting an increase in males’ delay discounting after exposure to attractive female
faces. Their finding suggests a type of inhibitory failure insofar as the decisions of par-
ticipants in the attractive condition were more concerned with the present than those ex-
posed to less attractive faces: The former opted for smaller immediate rewards, and the
latter exercised some restraint by selecting the greater gains that lay in a less certain fu-
ture.

To further test the possibility that the attractiveness of females might affect the self-
control of males, we mirrored Daly and Wilson’s (2004) manipulation and invited par-
ticipants to view pictures of either highly attractive young women or a group of average

attractiveness. All pictures were of faces alone, and in all photos the women's gaze was
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directed towards the camera. In two separate studies, after viewing these faces and rating
them for attractiveness and symmetry, males who viewed the attractive faces scored
higher on the Thrill and Adventure Seeking subscale of the Sensation Seeking Scale
(Zuckerman, 1994) and self-reported greater impulsivity.

Testosterone, Physical Attraction, Risk-Taking and Self-Control

One possible moderating influence on the relationship between physical attraction and
self-control is testosterone. High testosterone males strive for positions of dominance,
and short-term increases in testosterone help move high testosterone males toward posi-
tions of dominance, reducing fear, increasing assertiveness, violence, and competitive-
ness (Dabbs & Dabbs, 2000). In response to competitive cues, fluctuating testosterone
levels might then contribute to reduced self-control and increased risk-taking. For males,
one such cue might be exposure to females, and indeed such cues have been associated
with short-term increases in testosterone (Roney, 2003) as well as the pursuit of short-
term over long-term rewards (Daly & Wilson, 2004).

To bring these ideas together, we measured the 2nd to 4th digit ratios (2D:4D) of par-
ticipants in our earlier studies as a marker of baseline testosterone levels (Manning et al.,
1998) and greater sensitivity to testosterone (Manning et al., 2003), and found a positive
relationship between 2D:4D and risk-taking behavior on a computerized risk-task, the

Balloon Analogue Risk Task (Lejuez et al., 2002). Importantly, this correlation held only

! The task presents people with the image of a balloon on a computer monitor, accompa-
nied by a balloon pump operated via a mouse. With each pump, people accrue one cent in
a temporary bank, however, with each additional pump they risk exploding the balloon
and consequently losing all the money from their temporary bank. Participants can
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for those who had viewed the attractive faces. In a follow-up study, participants com-
pleted the balloon task on two occasions, once after viewing the attractive faces and once
after viewing the faces of average attractiveness. Higher levels of testosterone were pre-
dictive of relatively more risk-taking after viewing the attractive faces. Thus, the attrac-
tive females were causing enhanced risk-taking amongst those males whose digit ratios
suggested higher levels of testosterone.

Testosterone, Physical Attraction and Executive Function

In an attempt to locate the inhibitory mechanisms by which these self-reported and be-
havioral expressions are altered, we began by measuring Stroop performance and work-
ing memory. Working memory was targeted due to its wide-ranging role in cognitive be-
haviours such as comprehension, reasoning and problem solving (Engle, 2002). More
important to our purposes, neuroimaging studies have revealed working memory function
to be particularly reliant on the dorsolateral pre-frontal cortex (DLPFC) and its role in
blocking task-irrelevant information (Kane & Engle, 2002). We hypothesized that in-
creases in risk-taking and impulsiveness might be concomitant with an inability to turn
one's attention away from the appeal of possible rewards, and thus might be related to

diminished working memory. For similar reasons we administered the Stroop task, per-

choose to transfer the money from the temporary bank at any time, facilitating the intro-
duction of a new balloon. Herein lies the tension; the attraction of each additional cent
must be played off against diminishing relative gains, and a steadily "ballooning"” chance
of loss. After being presented with ten balloons that last until the participant collects their
winnings or the balloon explodes, risk-taking is indicated by the average number of
pumps on all unexploded balloons (Lejuez et al., 2002). It was this score that was pre-
dicted by our measures of digit ratio.
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formance on which has also been linked to the DLPFC, as well as the anterior cingulate
cortex (ACC; Swick & Jovanovic, 2002). The ACC is also of interest, as it plays an im-
portant role in the detection and evaluation of rewards as well as goal-related conflicts
(Fishbein et. al., 2005).

Surprisingly, we found that working memory actually improved in response to the
highly attractive faces and similarly, interference in Stroop performance decreased. In a
subsequent study, however, we found that attractive females caused impaired Stroop per-
formance for low testosterone males but enhanced Stroop performance for high testoster-
one males. Nevertheless, in both cases the decrease in interference on the Stroop and the
increase in working memory were apparent for those who played the balloon task in a
riskier manner. So rather than providing evidence of a failing executive system, we found
evidence of improved executive function co-occurring with an increase in risk-taking.
Thus, in contrast with our initial hypothesis, these data suggest an alternative perspective:
If you're going to sneak into the harem, you had better have your wits about you.

Having found what at first blush appeared to be counter-intuitive results in our appli-
cation of both the Stroop and working memory tasks, we sought to pursue the function of
the ventromedial pre-frontal cortex (VMPFC) as an alternative mediating mechanism.
The VMPFC has been cited as integral to the somatic marker hypothesis (Bechara, 2004),
according to which this neural region provides somatosensory feedback that influences
decision making via homeostasis, emotion and feeling. Deficient functioning in this re-

gion has been linked to diminished emotional arousal and severe impairment in judgment
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and decision making (Bechara et al., 1994). Patients with lesions to this region seem im-
pervious to negative consequences incurred as a result of their poor decision making, ap-
parently blinded by the pursuit of potential gains (Bechara et al., 1994). De-activation of
the VMPFC might be a potential mechanism for the risky-shifts we had previously ob-
served on the balloon task, as continued pumping of the balloon might be understood in
terms of a deregulated sensitivity to the threat of looming punishment and/or a height-
ened sensitivity to reward. Importantly, the VMPFC has also been shown to be active in
response to attractive, opposite sex faces (O’Doherty et al., 2003), suggesting that such
activation might make people relatively insensitive to additional somatosensory feedback
they might otherwise experience in response to risky decisions.

Aside from fMRI studies, there are a couple of alternative methods for exploring ven-
tromedial function, the most common of which is the lowa Gambling Task (Bechara et
al., 1994). However, impaired performance on this task has also been found in patients
with lesions to the dorsalateral PFC (Fellows & Farah, 2005), and thus we opted for the
“reversal learning” task, which specifically targets the VMPFC (Fellows & Farah, 2005).
Reversal learning involves choosing between two simple options (in our case two pat-
terns simultaneously presented on a computer screen), one of which provides more re-
wards and fewer punishments, occurring in the form of monetary wins and losses. The
task is simple, feedback is immediate and participants soon learn the relative value of the
two choices. However, having done so, the contingencies are then switched and the par-

ticipants' ability to adjust their choices accordingly becomes the measure of interest.
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When we applied this measure in one of our studies that utilized the balloon task, we
did indeed find reversal learning impairment for those exposed to the highly attractive
faces. Furthermore, we found this effect to be significantly moderated by testosterone:
after viewing the more attractive faces high testosterone males made more reversal learn-
ing errors and exercised less caution on the balloon task. Conversely, amongst low testos-
terone males, viewing the less attractive faces corresponded with more reversal learning
errors and more risk-taking on the balloon task. While we were unable to show that re-
versal learning mediated the increased risk-taking found on the balloon task, this pattern
is consistent with such a process. Thus, the possibility remains that VMPFC activation
occurred in response to the attractive faces, and thereby diminished sensitivity to subse-
quent somatosensory feedback as the balloon threatened to explode.

Taken together these studies lend support to a functionally compartmentalized execu-
tive system that is sensitive to context, individual differences in testosterone, and possibly
hormonal fluctuations. While further study is warranted, these studies provide prelimi-
nary support for the possibility of an evolved system that maximized reproductive suc-
cess by desensitizing males to risk at the precise moment that such risks have the greatest
potential reproductive payoff. In combination with the research described above on aging
and disinhibition, the current set of studies provide an expanding picture of the role of

executive functions in self-control across the lifespan.
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