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The ability to decide advantageously declines prematurely in
some normal older persons
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Abstract

The prefrontal region of the brain, including the ventromedial sector which supports reasoning and decision-making, may undergo dis-
proportionate aging in some older persons, but the empirical evidence is decidedly mixed. To help resolve this, we tested 80 neurologically
and psychiatrically healthy Younger (aged 26-55) and Older (aged 56—85) adults on a “Gambling Task”, which provides a close analog to
real-world decision-making by factoring in reward, punishment, and unpredictability, yielding a sensitive index of ventromedial prefrontal
function. A subset of the Older group manifested a decision-making impairment on the Gambling Task, in spite of otherwise intact cognitive
functioning. This finding raises the possibility of disproportionate aging of the ventromedial prefrontal cortex in these individuals. Our finding
has important societal and public policy implications (e.g., choosing medical care, allocating personal wealth), and may also help explain
why many older individuals are targeted by and susceptible to fraudulent advertising.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction neural structures in the prefrontal region, and of their associ-
ated cognitive functions/\fest, 199%.
There is neuropsychological (e.daigneault, Braun, This frontal aging hypothesis has not gone unchallenged.

& Whitaker, 1992 Dempster, 1992 Haaland, Price, &  The hypothesis has been criticized on the grounds that it
LaRue, 2003Hartley, 1993 Moscovitch & Winocur, 1992 provides too narrow a view of age-related changes in brain
Robbins et al., 1998Shimamura & Jurica, 1994Nest, and behavior Band, Ridderinkhof, & Segalowitz, 2002
Murphy, Armilio, Craik, & Stuss, 2002 neuroanatomical  Greenwood, 2000 More specifically, opponents argue that
(e.g., Coffey et al., 1992 Cowell et al., 1994 Jernigan comparable age effects exist for measures sensitive to non-
etal., 2001 Raz et al., 199/Raz, Gunning-Dixon, & Acker,  frontal brain regions. In response, recent efforts have shifted
1998 Resnick, Pham, Kraut, Zonderman, & Davatzikos, towardsamore integrated view, e.g., that age-related changes
2003 Salat, Kaye, & Janowsky, 1999, 200&nd functional in frontal systems can exert not only direct effects, but also
neuroimaging (e.gGur, Gur, Orbist, Skolnick, & Reivich,  effects on other, non-frontal brain systems and associated
1987 Melamed, Lavy, Shlomo, Cooper, & Rinot, 1988/- behavioral manifestations (e.ddilham et al., 2002 Nev-
idence that the prefrontal region of the brain may undergo ertheless, the frontal aging hypothesis remains a plausible
disproportionate aging effects in older adults, in the absenceaccount of at least some age-related neurocognitive phenom-
of frank neurological or psychiatric disease. Such evidence ena {Mest, 200).
has been taken as suggestive of a “frontal aging hypothesis”, Against this background, we have been interested in a
according to which there is differential decline with aging of critical set of functions associated with prefrontal integrity,
namely, reasoning and decision-making. These capacities de-
* Corresponding author. Tel.: +1 319 356 7619; fax: +1 319 356 4505.  Pend intimately on structures in the ventromedial prefrontal
E-mail addressnatalie-denburg@uiowa.edu (N.L. Denburg). sector; hence, age-related decline in these structures could
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lead to a concomitant decline in reasoning and decision-a Younger group (aged 26-55 years) and an Older group
making. There is real-world evidence for this idea. For exam- (aged 56—85 years). Each participant was tested individually
ple, there has been an alarming increase in the numbers of elin a 3 h session that included the Gambling Task and a bat-
derly persons who are targeted and victimized by misleading tery of standard neuropsychological tests. Participants were
and fraudulent advertisincAARP, 199§. In fact, a plausi- financially compensated for their participation. Following
ble neurobiological hypothesis is that some older adults fall administration of the neuropsychological tests, participants
prey to fraudulent advertising because of decision-making were administered a semi-structured interview (abranel,
impairments related to ventromedial prefrontal dysfunction. Benton, & Olson, 199) Participants were questioned about
The study reported here begins to explore this urgent andmajor surgeries and their possible complications; neurologi-
critical issue. We studied neurologically and psychiatrically cal events, such as cerebrovascular disease, seizures, or head
healthy Older adults, and a comparison group of Younger injury with a loss of consciousness exceeding five minutes;
adults, using a well-validated decision-making paradigm medications, especially those that might produce untoward
called the “Gambling Task”. The Gambling Task provides effects on cognitive functioning; and a history of significant
a close analog to real-world decision-making in the man- psychiatric disease necessitating inpatient treatment and/or
ner in which it factors reward, punishment, and unpre- interfering with daily functioning. Three older participants
dictability (Bechara, Damasio, Damasio, & Anderson, 1994  were ultimately excluded secondary to one or more of the
Multiple sources of evidence have indicated that the Gam- aforementioned neurological or psychiatric conditions.
bling Task taxes decision-making functions mediated by
the ventromedial prefrontal regioméchara, Damasio, & 2.2. Measures
Damasio, 2000eBechara, Tranel, & Damasio, 200drnst
et al., 2002 Schmitt, Brinkley, & Newman, 1999 The neuropsychological tests (Seble J) provided broad
In our extensive use of the Gambling Task over the past coverage of cognitive functioning and mood, allowing us to
decade, we have observed anecdotally that some normalnvestigate whether Gambling Task performance was influ-
adults do not seem to learn the task normally, and fail to enced by such factors. A board-certified neurologist, blind to
develop a beneficial response strategy. Moreover, it has beerthe objectives of the current study, rated the overall physical
our impression that this “abnormal” profile tended to occur health status of the older participants on a scale of 1 (no health
more often in older normal participants, than in younger nor- problems) to 6 (severe health problems), based on review of
mal participants. These preliminary observations prompted medical records and medication regimen.
the prediction for the current study, namely, that a subset The Gambling Task was administered according to the
of Older adults would manifest decision-making deficits on standard protocol (seBechara et al. (20004pr complete
the Gambling Task. And in this context, it is worth noting methodology). The task entails a series of 100 card selec-
another relevant background observation that comes from ations from four decks (participants are not informed of the
recent study in which our Gambling Task was administered number of trials). Some card selections are followed by a re-
to 90 normal participants, aged 20—-80gcPherson, Phillips,  ward (monetary gain); others are followed by a reward and a
& Della Sala, 2002 The authors did not find an overall ef- punishment (monetary loss). The task is rigged so that decks
fect of age on Gambling Task performance. However, the with lower immediate reward have lower long-term punish-
Gambling Task data reported facPherson et al. (2002) ment, and thus yield an overall net gain (decks C and D,
(see theirFig. 3, p. 605) indicated that the oldest group of dubbed “Good” decks); decks with higher immediate reward
subjects showed the flattest learning curve on the Gamblinghave higher long-term punishment, thus yielding an overall
Task; in fact, relative to our normative data for the Gambling net loss (decks A and B, dubbed “Bad” decks). Participants
Task, this group did not develop a strong bias towards ben-are notinformed about the reward/punishment schedules, and
eficial responses, even in the latter sections of the task. Inthey cannot deduce them mathematically.
other words, MacPherson et al.'s (2002) data also hinted at
the possibility that a subset of older participants may have 2.3. Data analyses
decision-making deficits on the Gambling Task.
The primary dependent variable was Gambling Task per-
formance. This was quantified by dividing the 100 trials into

2. Methods five discrete blocks of 20 each, and then for each trial block,
calculating the number of cards selected from the good decks
2.1. Participants and the number selected from the bad decks. For each par-

ticipant and each trial block, we calculated a performance
An age- and sex-stratified sample of 80 adults was re- score by subtracting the number of bad deck picks (A and B)
cruited from the community. Equal numbers of men and from the number of good deck picks (C and D). Scores below
women in each 5-year age band ranging from 26 to 85 yearszero indicate “disadvantageous” performance (a net loss of
old were included. The sample was dichotomized on age, us-money), and scores greater than zero indicate “advantageous”
ing a conventional demarcation poistdhaie, 19985 to form performance (a net gain of money).
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Demographic and cognitive characteristics of older participants

1101

Characteristi¢ Statisti® Participant group p°¢ Effect sizé Confidence Correlation with
—— - (d statistic)  intervaP (95% CI)  CD—-ABE in older
Older—Unimpairedlder—Impaired participants i = 40)
(n=15) (n=14)

Age M 703 711 ns .10 —.6310.82 .07
S.D. 83 8.0

Education M 1% 142 ns —.58 —1.31t0.17 .21
S.D. 18 29

Gender % Females 40 50 - - — -

Handedness % RH 93 100 - - - -

Health status M B0 164 ns —.06 —.6710.79 .09
S.D. Qa6 0.7

Riskiness M 03] 0.7 ns -.15 —.70to0 .98 —.06
S.D. 0.8 05

BDI M 4.9 49 ns —.00 —.74t0.74 -.18
S.D. 42 38

WAIS-III digit span M 160 173 ns —.29 —.46t0 1.03 —.08
S.D. 46 43

Benton faces M 22 219 ns -.20 —.95t0 .56 17
S.D. 23 16

WRAT-3 reading M 510 489 ns —.63 —-1.35t0.14 .25
S.D. 31 36

AVLT 30 min delay M 106 9.3 ns —.46 —1.20t0 .30 12
S.D. 27 29

BVRT errors M 33 45 ns —.65 —.15t0 1.40 -.30
S.D. 16 21

Verbal fluency M 416 387 ns -.33 —1.07to0 .42 17
S.D. 78 9.0

Trail making test A M 33L 349 ns -.21 —.541t0.95 -.01
S.D. 104 126

Trail making test B M % 828 ns -—.28 —.47101.02 -.03
S.D. 278 313

WCST perseverative errors M F 9.7 ns —.67 —.20t0 1.48 -.23
S.D. 40 31

WCST categories M 0 5.8 ns —.48 —1.29t0.36 .13
S.D. Qo 0.6

a Shown are age, education, gender, handedness, health status, and risk-taking behavior (“riskiness”) of the older participants who either were not
(Older—-Unimpaired) or were (Older—-Impaired) impaired on the Gambling Task. Raw scores are provided for each of the neuropsychological variables.
Shown are Beck depression inventory (BDI); Wechsler Adult Intelligence Scale-third edition (WAIS-111) Digit Span; Benton Facial Recognifidentest
faces); Wide Range Achievement Test-revision 3 (WRAT-3) reading subtest; Rey Auditory—Verbal Learning Test 30 min delayed recall (AVLT 30)min delay
Benton Visual Retention Test number of errors (BVRT errors); phonemic verbal fluency (Verbal fluency); Trail Making Test—forms A and B; and Wisconsin
Card Sorting Test (WCST number of perseverative errors committed and categories achieved).

b Means and standard deviations (S.D.) are given for each variable unless otherwise indicated.

¢ Post hoc comparisons were computed using independent-sartpdts; ns: nonsignificant.

d Most effect sizes were small, and all confidence intervals included zero.

€ All correlations with the Gambling Task dependent variable [(C +} + B)] were ns.

To set a context for interpreting Gambling Task perfor- advantageous mannédfig. 1). By contrast, in neurological
mance (se®echara et al. (2000p)it can be noted that the  patients with damage to ventromedial prefrontal cortices, the
normal pattern of performance in non-elderly individuals is ability to shift decision-making in a favorable direction is im-
for participants to begin the first trial block by selecting more paired, and the patients continue to choose frequently from
from the bad decks than from the good decks, because thethe bad decks for the duration of the garkéey( 1).
bad decks have the allure of more immediate reward. As the In the current study, we analyzed the Gambling Task
game progresses, though, and steep penalties are encounter@grformances of the Younger and Older groups with a
in the bad decks, participants gradually shift their selections 2 x 5 ANOVA using age group (Younger versus Older) as
toward the good decks. By the final couple of trial blocks, a between-subjects factor and trial block (1-5) as a within-
participants select predominantly from the good decks. When subjects factor. It was our expectation that this analysis would
graphed as a function of trial block, this profile of card selec- yield aninteraction: the Younger group was expected to show
tions is manifest as a positively sloped line, which begins a the typical positively sloped line, whereas the Older group,
bit below the zero mark, and gradually rises into the positive which we believed would contain a subset of participants
range as participants begin selecting cards in a more and moravho performed disadvantageously, was expected to show a
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Fig. 1. Decision-making performance on the Gambling Task in normal non-elderly participants and in neurological patients with ventromealial prefro
lesions, graphed as a function of trial blockS.E.M.; standard error of the mean). Normal participants begin by selecting more from the bad decks (A and
B), but as the game progresses, they gradually shift their selections toward the good decks (C and D). The ventromedial prefrontal patientbitithisot exhi
advantageous shift in decision-making (data taken fBmohara et al. (2000))

flatter slope across trial blocks, resembling iacPherson ticipants who had indexes that were significantly different
et al. (2002)findings. We also looked at individual perfor- from zero in the negative direction were categorized as “Im-
mance profiles in each of the groups. We collapsed acrosspaired”.

trial blocks and calculated for each participant a single index

of performance, specifically, the sum of good deck choices

minus the sum of bad deck choices [(C +BJA + B]). Un- 3. Results

der the assumption that random behavior on the Gambling

Task would yield a score of zero in this formula, we catego-  The group results accorded with our predictioRig( 2):
rized each participant as “Unimpaired” or “Impaired”, based the Younger group started below zero, and then gradually
on whether the overall performance index differed signif- shifted toward the good decks as the game progressed. The
icantly from zero (using the binomial test), and in which Older group did not demonstrate this shift: after the first
direction Siegel, 1956 p. 37). Participants who had in- trial block, their performance hovered around the zero-line
dexes that were significantly different from zero in the pos- for the entire task. The statistical analysis of these data
itive direction were categorized as “Unimpaired,” and par- yielded the predicted two-way interaction between age group
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Fig. 2. Decision-making performance on the Gambling Task in the Younger and Older participants, graphed as a function of tris8 Iifddk)( The Younger
group performed in the normal fashion: they began by selecting more from the bad decks (A and B), but then as the game went on, they shifted toward th

good decks (C and D). The Older group did not demonstrate this shift in decision-making, but instead, continued selecting about equally frorm¢he good a
bad decks.
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Fig. 3. Decision-making performance on the Gambling Task in the Older—-Unimpaired and Older—Impaired participants, graphed as a functiachf trial bl
(£S.E.M.). The Older—Unimpaired group performed in the normal fashion: they began by selecting more from the bad decks (A and B), but then as the game
went on, they shifted toward the good decks (C and D). The Older—Impaired group did not demonstrate this shift in decision-making, and contcted to sel
predominantly from the bad decks for the duration of the game.

and trial block F(4,312)=3.65,p<.05). The age group iniscent of patients with ventromedial prefrontal lesions).
(F(1,78)=11.89,p<.01) and trial block (4,312=14.00, A 2 x5 ANOVA using group (Older—Unimpaired versus
p<.0001) main effects were also significant. Older—Impaired) as a between-subjects factor and trial block
Regarding performances of individual participants, in the (blocks 1-5) as a within-subjects factor yielded a sig-
Younger group, 37 of 40 participants were “Unimpaired”, nificant two-way interactionK(4,108) = 10.53p<.0001),
achieving overallindexes significantly above zero (three were substantiating the pattern evident fig. 31 (The group
“Impaired”, obtaining indexes significantly below zero). This  (F(1,27) =104.83p<.0001) and trial blocki(4,108) = 3.91,
outcome is consistent with our previous studies, which have p<.05) main effects were also significant.) By way of
indicated that nearly all younger normal participants per- additional interest, we further compared statistically the
form in an advantageous manner on the Gambling Task (cf. Older—Unimpaired and Younger participants in the same
Bechara et al., 200QbIn the Older group, we found that 15 manner as previously described. The results revealed a main
participants were “Unimpaired”, obtaining overall indexes effect of trial block F(4,212)=22.58,p<.0001), but no
significantly above zero, whereas 14 were “Impaired”, ob- group main effect and no interaction, suggesting that a sub-
taining overall indexes significantly below zero. Another 11 group of older participants perform as well as their younger
participants were considered “borderline”, because their in- counterparts on the Gambling Task.
dexes did not differ significantly from zero in either the posi- Lastly, we compared the Older—Unimpaired and Older—
tive or negative direction. This outcome is inconclusive, and Impaired groups on demographic, health status, and neu-
we will not consider this subgroup further. Thus, consistent ropsychological variables. We did this in two ways. First,
with our expectation, a subset of the Older participants per- the groups were contrasted using independent santples
formed abnormally on the Gambling Task, failing to shift tests (alpha corrected for multiple related comparisons). Sec-
their selections towards advantageous outcomes. In regard t@nd, we conducted a one-way multivariate analysis of vari-
the proportion of participants in each age group who were ance (MANOVA) on the neuropsychological data as a more
Unimpaired versus Impaired, there was a significant differ- powerful statistical contrast of the Older—Unimpaired and

ence between the Younger and Older group%=(18.80, Older—Impaired groups. Effect sizes and confidence inter-
p<.0001), reflecting the higher rate of impaired performance vals for these comparisons were also calculated, as were
in the Older participants. correlations between the neuropsychological measures and

We conducted a follow-up analysis, focused specifically Gambling Task performance. The outcomes for the univari-
on the Older—Unimpaired and Older—Impaired groups. The ate analyses are presentedable 1 and the data indicated
performance profiles of these two groups diverged markedly a strong similarity of the groups on all variables. There were
(Fig. 3. The Older—Unimpaired group began by selecting no significant differences in age, education, gender, handed-
more cards from the bad decks, but then demonstrated a
strong and sustained shift toward- the gOOd d-ECkS as th 1 Because the two groups differed slightly in trial block 1, we used the
ta_Sk pr_ogressed. The OIder—Imp_awed gr(_)up did not show block 1 score as a covariate in ax22 ANCOVA using the sa’lme factors
this shift, as they stayed predominantly with the bad decks as in the primary ANOVA. The group trial block interaction remained
all the way through the task (in a manner somewhat rem- significant £(3,78) =8.16p< .0001).
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ness distribution, estimated intellect, memory, language, vi- found that the two curves were essentially superimposed on
sual perception, attention/concentration, executive function one another). Thus, it is in the younger participants, not the
abilities, or emotional status. Also, the two groups did not dif- older ones, where the data from our study &acPherson
ferinterms of their health status, orin terms of their self-rated et al.’s (2002)study diverge.
“risk-taking” tendencies. These outcomes were corroborated  Taking a step back from the data, the most obvious “out-
by the effect size calculations: all of the confidence inter- lier”inthese studies is the performance profile of the younger
vals for the effect sizes included zero. Finally, none of the participants inMacPherson et al.’s (2008fudy. Those au-
correlations between the neuropsychological variables andthors, in fact, acknowledged that there were oddities in their
Gambling Task performances was significant, and most wereGambling Task data, including the fact that their subjects
well below|.30|. For the MANOVA, nonsignificant findings  tended to prefer the B and D decks. Whatever the explanation,
were also obtained~(9,14) =0.70p> .60). we have extensive experience with the Gambling Task in nor-
mal younger participants, and we have consistently observed
arobustlearning effect whereby the subjects develop a strong
4. Discussion bias towards the C and D decks as the task progresses. This
is especially true in the second half of the task, where normal
The findings from this study support the notion that some younger subjects tend to prefer the C and D decks at around
older individuals have significant difficulty with reasoning a 3:1 ratio. HadMacPherson et al. (200Zompared their
and decision-making, as indexed by our Gambling Task. This older group to our normal younger participants, they would
impairment occurred in the absence of frank neurological or have observed exactly the same outcome we did: the older
psychiatric disease, and there was no evidence that it couldgroup would have had a shallower learning curve. The other
be explained by premorbid factors (e.g., educational level), aspect of this discussion that is important pertains to the indi-
overall health status, or weaknesses in other cognitive realmsvidual subject level. Overall, the older groupNacPherson
such as attention, memory, visual perception, or language.etal.’s (2002ftudy was virtually identical to our Older group,
Moreover, within the age range subsumed by our Older par-in terms of Gambling Task performance. We found that our
ticipant sample (56-85), there was no indication that age perOlder group was comprised of very distinct subgroups, one of
se accounted for the decision-making impairment. The rate of which performed very well on the Gambling Task, and one of
impairment in our sample was not trivial: 14 of 40 older par- which did not. The same subgroup composition might obtain
ticipants were deficient, compared to only 3 of 40 younger fortheMacPherson et al. (2002)der group, but the authors
participants. (And, if one were to construe the 11 “border- did not report such data, and they do not mention whether
line” older adults as deficient too, the rate of impairment thereweretrendsinthatdirection. Inshort, insofar asthe older
might even be higher.) Given the well-documented associ- participants are concerned, the two studies (MacPherson et
ation between decision-making on the Gambling Task and al.’s and ours) actually generated highly similar group results.
integrity of ventromedial prefrontal structures, we take the  The issue of whether a sizeable number of older individ-
current findings as suggestive of the possibility that some os-uals have decision-making deficits has provocative societal
tensibly normal older adults have disproportionate aging of implications. Older adulthood is a time of critical and com-
ventromedial prefrontal cortices. plex decision-making during which the older adult is faced
Before moving on to the broader implications of our find- with decisions regarding medical care, safety operating an au-
ings, we would like to revisit thtMacPherson et al. (2002) tomobile, investment of savings and retirementincome, estate
findings that were touched upon briefly in the Introduction. planning, purchase of a burial site, and sudden role change
As noted, those authors did not find an overall effect of age following the death of a spouse, to name just a few. Further-
on the Gambling Task, and together with other findings from more, there is an expanding body of evidence suggesting that
their study, they took this to indicate that they did not have ev- older persons are often targeted by fraudulent advertising. In
idence for disproportionate aging of ventromedial prefrontal fact, the Federal Bureau of Investigation (FBI) has estimated
cortices intheir sample. Our currentfindings appear to contra- that there are 14,000 fraudulent telemarketing firms operating
dictthis conclusion, atleastinsofar as the Gambling Task datain the United States, with 80% of these aiming their activities
are concerned. However, a careful inspectioblatPherson  atolder individualsAARP, 199§. Thus, itis hard to overem-
et al’'s (20023ata lead to a different interpretation. First, the phasize the ramifications of impaired decision-making for
absence of a main effect of age on the Gambling Task stemsolder adults. On a practical note, the Gambling Task may offer
from the fact that the two younger groups NMtecPherson  a sensitive means of detecting declines in decision-making,
etal’s (2002ktudy demonstrated rather flat learning curves, thereby facilitating early identification and intervention.
and in the latter two trial blocks, the groups demonstrated  Also, the decision-making impairments of older adults
only aweak preference for the good decks over the bad decksmay often be overlooked. In the wake of some two decades
Second, the older group MacPherson et al.'s (2008judy of intense and constant focus on the tragedy of Alzheimer’s
generated a Gambling Task profile that was nearly identi- disease, older adults are readily brought to medical atten-
cal to the one we obtained in our Older group (we plotted tion when they begin to manifest worrisome memory impair-
the two groups together, for the sake of comparison, and ments; however, they may not elicit comparable concern if
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they have decision-making impairments, which may be dis- Band, G. P. H., Ridderinkof, K. R., & Segalowitz, S. (2002). Explaining

missed as “eccentric behavior”. This is reminiscent of neu-  nheurocognitive aging: Is one factor enoug®rain and Cognition 49,

rological patients with ventromedial prefrontal damage, who _ 259267 . .

b they lack blatant defects in memory, 1Q, and such areBechara, A_.,_Damasw, A. R., Damasio, H., & Anderson, S. W. (1994).
ecause y ) ) . y’. ' ! Insensitivity to future consequences following damage to human pre-

frequently misdiagnosed as having psychiatric diseagesé frontal cortex.Cognition 50, 7—15.

& Benson, 198k Bechara, A., Damasio, H., & Damasio, A. R. (2000). Emotion, decision-

Our study has some limitations. We did not obtain a direct making, and the orbitofrontal corteCerebral Cortex 10, 295-307.

measure of real-world decision-making in the participants; Bechara A., Tranel, D., & Damasio, H. (2000). Characterization of the

h t address the question of whether participants det_:lsmn-mgklng deficit of patients with ventromedial prefrontal cortex
ence, we cannotadd q _ particip lesions.Brain, 123 2189-2202.

who manifested impaired decision-making on the Gambling coffey, c. E., wilkinson, W. E., Parashos, I. A., Soady, S. A. R., Sullivan,

Task do in fact have analogous deficits in their day-to-day  R. J., Patterson, L. J., et al. (1992). Quantitative cerebral anatomy

lives. Nor did we obtain a neuroanatomical measure of ven-  of the aging human brain: A cross-sectional study using magnetic

tromedial prefrontal integrity (e.g., a quantification of gray _ "ésonance imagingNeurology 42, 527-536.

. . . Cowell, P. E., Turetsky, B. I., Gur, R. C., Grossman, R. |., Shtasel, D. L.,
and white m,atter VOlumeS)' This measuremgnt IS |m.portant & Gur, R. E. (1994). Sex differences in aging of the human frontal
to address directly the issue of whether participants with poor  and temporal lobeslournal of Neurosciengeld, 4748—4755.
decision-making do in fact have neuroanatomical changes inDaigneault, S., Braun, C. M. J., & Whitaker, H. A. (1992). Early effects of
the ventromedial prefrontal sector. Thus, importantempirical ~ normal aging on perseverative and non-perseverative prefrontal mea-
questions remain unanswered, and we have begun to explore__Sures:Developmental Neuropsycholody 99-114.

. Dempster, F. N. (1992). The rise and fall of the inhibitory mechanism:
these very topics (e.gDenburg, Bechara, Cole, & Tranel, Toward a unified theory of cognitive development and agDgvel-

200])- opmental Reviewl2, 45-75.

The most significant question left unresolved here is Denburg, N. L., Bechara, A., Cole, C., & Tranel, D. (2001). lowa gam-
why some older persons evidence poor decision-making pling task perfc_)rmanpe in elderly persons predicts sus_ceptibility to the
ability. As discussed previously, the decision-making deficit _ Mfluence of misleading advertisingociety for Neuroscience@?.

. . . . . Ermnst, M., Bolla, K., Mouratidis, M., Contoreggi, C., Matochik, J. A.,
may be at_mbUtable to dISPrOportlonate_ early decline in Kurian, V., et al. (2002). Decision-making in a risk-taking task: A
ventromedial prefrontal cortices. Alternatively, perhaps the  pgT study.Neuropsychopharmacologgé, 682—691.
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