
Our world is filled with stimuli that evoke emotional re-
sponses: A smiling child may bring us pleasure, whereas
the sight of a spider may elicit a negative emotion. Although
there has been extensive discussion about how best to char-
acterize emotional experiences (for reviews, see Barrett, 
2006; Izard, 2007; Panksepp, 2007), many believe that
affect can be divided into two dimensions: valence and 
arousal. Valence refers to whether an experience is positive 
or negative, and arousal captures whether an experience is
exciting/agitating or soothing/subduing (Russell, 1980).

Previous research has revealed preferential process-
ing for items that elicit arousal in our environment (i.e., 
stimuli that elicit physiological activation, goal-directed 
bbehavior, and subjective experience/feelings; e.g., Hansen
& Hansen, 1988; Pratto & John, 1991). This preferential 
pprocessing increases the likelihood that emotional ele-
ments in our environments are detected and attended, and 
these arousal-based influences appear to be relatively pre-
served with aging. For example, young and older adults
are faster and more accurate at detecting emotional stimuli 
embedded in complex visual arrays than they are at detect-
ing neutral stimuli (Leclerc & Kensinger, 2008; Öhman,
Flykt, & Esteves, 2001), and there are no age differences
in the detection benefit for arousing stimuli (Leclerc &
Kensinger, 2008). Both age groups also are more likely to 
remember arousing emotional information than they are to 
remember nonarousing information (Kensinger, 2008).

Although these arousal-based influences appear rela-
tively preserved with aging, research over the last two de-
cades has indicated that significant developmental changes
occur in valence-based processing, and more specifically,
in the prioritization and regulation of emotion (reviewed 
bby Mather, 2006). In particular, socioemotional selectivity

theory (Carstensen, 1993) suggests that a change in time 
perspective—time seeming limited—can result in emo-
tional goals becoming increasingly important. Because
older adults are, by virtue of age, closer to the end of life, 
this theory posits that they should be more focused on op-
timizing their emotional experience than are young adults, 
who tend to view their time as more expansive. As a re-
sult, advancing age should be associated with an increased 

 focus on emotional goals and increased attention to the
 emotional content of information (Carstensen, Fung, &

Charles, 2003). Consistent with this proposal, older adults
tare more likely than young adults to choose activities that

bring them emotional fulfillment, such as spending time 
with close friends or family (Fung, Carstensen, & Lutz, 
1999). They also are more likely than young adults to 
focus on the emotional meaning of information or on how
an experience has made them feel (reviewed by Carstensen
& Mikels, 2005; Mather & Carstensen, 2005).

Older adults may also adopt new cognitive strategies to 
allow them to maintain positive affect in the face of nega-
tive age-related change (i.e., limited time remaining, physi-
cal and cognitive decline). One such strategy is older adults’ 
tendency to spend proportionately more time processing 
positive emotional material and less time processing nega-
tive emotional material than young adults do (Mather & 
Carstensen, 2005). Previous research has indicated age-
related differences in terms of valenced-based processing, in 
that older adults look at positive images longer than younger 
adults do (Isaacowitz, Wadlinger, Goren, & Wilson, 2006), 
and they recall proportionally more positive information, 
and proportionally less negative information, than young
adults do (Charles, Mather, & Carstensen, 2003; Kennedy, 

n Mather, & Carstensen, 2004). This enhanced focusing on
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The PFC has been found to downregulate amygdala activnn -
ity in both young (e.g., Ochsner, Bunge, Gross, & Gabrieli,
2002) and older (e.g., Urry et al., 2006) adults, and so these
age-related changes in PFC recruitment have sometimes
been taken as evidence for an age-related shift from rela-
tively automatic to more controlled emotion processing 
(e.g., Williams et al., 2006). However, the directionality of 
these PFC changes is not clear. Some studies have revealed 
overrecruitment of PFC processes in older adults during the 
processing of negative affect (e.g., Gunning-Dixon et al., 
2003; Tessitore et al., 2005; Williams et al., 2006), whereas 
other studies have found that older adults underrecruit the 
PFC during the processing of negative information (e.g., 
Gutchess et al., 2007; Samanez-Larkin et al., 2007). Be-
cause few studies have compared young and older adults’ 
processing of positive and negative information equated 
on arousal (most have compared fearful with happy facial 
expressions, where happy expressions are likely to be lower 
in arousal), a likely contributor to these contradictory find-
ings is the confluence of arousal-based and valence-based 
processes.

The goal of the present fMRI study was to investigate
the underlying neural networks associated with the pro-
cessing of emotional information in younger and older 
adults. We were particularly interested in examining the 
degree to which aging affected the PFC regions that re-
spond in an arousal-based fashion (i.e., those that respond 
to positive and negative arousing items) versus those that
respond in a valence-based fashion (e.g., more to negative 
than to positive items, or vice versa). To address these is-
sues, participants viewed positive, negative, and neutral
images and were asked to make a nonaffective, simple
judgment about each image.

We hypothesized that aging might not modulate activity 
within the regions that mediate arousal-based influences in
emotion processing, given the extensive evidence suggest-
ing that aging may relatively preserve the effect of arousal 
on attention and memory (reviewed by Mather, 2006). On 
the basis of prior research, we hypothesized that the dor-
somedial PFC would be a key region that would relate to 
arousal in young adults (see Dolcos, LaBar, & Cabeza,
2004; Kensinger & Schacter, 2006) and also in older adults.
By contrast, we hypothesized that aging would be likely
to alter the neural activity that corresponded with valence-
based processing, consistent with behavioral evidence that 
older adults show a “positivity bias” (reviewed by Mather 
& Carstensen, 2005). We believed that age-related changes 
might be particularly prominent within the ventromedial 
PFC, a region previously implicated in valence-based pro-
cessing (e.g., Anderson et al., 2003; Small et al., 2003) and 
in emotion regulation processes (reviewed by Davidson,
2002; Quirk & Beer, 2006). Our rationale was that previous
behavioral research has consistently observed age-related 
functional changes in emotion regulation abilities (Gross 
et al., 1997; Lawton, Kelban, Rajagopal, & Dean, 1992)
and in tasks associated with more controlled emotional 
processing (reviewed by Kensinger & Leclerc, in press;
Mather, 2006). We therefore reasoned that age-related 
changes might be particularly pronounced within the PFC
regions that implement such processes.

the positive has been referred to as an age-related “positiv-
ity effect” (Carstensen & Mikels, 2005).

Although there is extensive behavioral evidence that 
older adults process emotional information differently than
younger adults do, the neural changes that underlie these
behavioral effects have not been established. Structural
studies have not shed light on this issue because the regions 
implicated in emotional processing (e.g., the ventromedial 
prefrontal cortex [PFC] and the amygdala) are among those
that undergo relatively modest structural changes with
aging. For example, West (1996, 2000) suggested that the
PFC is a heterogeneous region in terms of cognitive and 
behavioral influences, with the ventral and dorsal regions 
exhibiting different rates of structural and functional age-
related decline. Although both dorsolateral and ventrome-
dial PFC regions undergo some age-related declines, the
dorsal and lateral regions have been found to be affected by 
the normal aging process earlier and at a more rapid pace 
of decline than other PFC regions (Daigneault & Braun, 
1993; Mittenberg, Seidenburg, O’Leary, & DiGiulio, 1989;
Moscovitch & Winocur, 1995; Parkin, 1997; Raz, 1996; 
Shimamura, 1994; West, 1996). By contrast, the struc-
tural decline in ventromedial PFC regions appears to be 
less extensive (Hedden & Gabrieli, 2004; Mather, 2003). 
Similarly, the amygdala appears to be a region that is rela-
tively structurally preserved with aging; although it does 
undergo some structural decline, its rates of decline tend 
to be less than those of many other regions (Daigneault &
Braun, 1993; Mittenberg et al., 1989; Moscovitch & Win-
ocur, 1995; Parkin, 1997; Raz, 1996; Shimamura, 1994; 
West, 1996).

These findings suggest that in order to understand the 
age-related changes in emotional processing, it is neces-
sary to examine the function of emotion processing re-
gions, and not just their structure, across the adult life span. 
Although past research has begun to establish the neural
mechanisms supporting emotional processing in younger 
adults, little is known about the neural processing of 
emotional information in older adults or about the neural 
changes that may mediate older adults’ changes in emo-
tion processing, including their “positivity effect.” Some 
studies have suggested that aging may affect amygdala 
function, with older adults showing decreased amygdala
activation in comparison with young adults, particularly 
to negative facial expressions (e.g., Gunning-Dixon et al.,
2003; Iidaka et al., 2002). However, a neuroimaging study
examining age-related differences in amygdala activation
to colored photographs revealed that older adults showed 
greater amygdala engagement for positive pictures than for 
negative ones, whereas this was not the case for younger 
adults (Mather et al., 2004). Thus, aging may not result in 
an overall decline in the functioning of the amygdala (see 
also Wright, Wedig, Williams, Rauch, & Albert, 2006), but
instead may result in a shift in the type of emotional stimuli
to which the amygdala is most responsive. Aside from the 
amygdala, regions within the PFC are those that have most
commonly been found to show age-related changes dur-rr
ing emotion processing (e.g., Gunning-Dixon et al., 2003;
Gutchess, Kensinger, & Schacter, 2007; Samanez-Larkin 
et al., 2007; Tessitore et al., 2005; Williams et al., 2006).
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each group of images (e.g., for positive images) did not differ for the 
young and older adults (all ps  .15; see Table 1).

Participants in the present study also rated these stimuli for va-
lence and arousal after the completion of the experimental task. Their 
stimulus classifications generally corresponded with those obtained 
from using the ratings from this separate group of participants. In the 
rare instances ( 2% of all items) when participant ratings did not 
match with the previously assigned ratings, participant ratings were 
used to classify the images as positive, negative, or neutral.

Procedure
While in the fMRI scanner, participants were presented with 324

(108 positive, 108 negative, 108 neutral) nameable, colored images. 
These images were presented across three lists, each containing 36 
exemplars from each valence category. Each trial began with a white
fixation cross presented on a black screen for 1,000 msec; the image
was then presented, and it remained on the screen for 1,000 msec. 
After each image was presented, an intertrial fixation cross was pre-
sented for a variable duration, ranging between 5 and 13 sec, to provide 
jitter (Dale, 1999). The order of items was pseudorandomized for each
participant, so that no more than four items of a particular valence were 
presented sequentially. Participants were instructed to make a keypress 
for each trial, as quickly as possible, to indicate whether the object 
depicted in each image, in the real world, would fit inside of a file
cabinet drawer. Although the image was presented on the screen for 
only 1,000 msec, and participants were asked to make their response 
as quickly as possible, they were informed that their buttonpress would 
still be recorded if it was made after the image had been removed from
the screen (i.e., during the jittered intertrial fixation period). This task 
was chosen because prior research has demonstrated that age-related 
changes in emotional processing are most apparent when tasks do not 
require participants to directly evaluate the emotional nature of the 
stimuli (discussed by Mather, 2006). Indeed, the encoding manipula-

METHOD

Participants
The participants were 17 younger adults (12 women) between the 

ages of 19 and 31 years and 20 older adults (13 women) between the 
ages of 61 and 80 years. All were right-handed native English speakers 
with no history of psychiatric or neurological disorders. No partici-
pant was taking any medication that would affect the central nervous 
system, and no participant was depressed. Informed consent was
obtained from all the participants in a manner approved by the Bos-
ton College and Massachusetts General Hospital institutional review 
boards. Participants were compensated $75 for their participation.

Materials
Stimulus images used in the present article were selected from a 

larger set of colored images previously rated by a separate group of 24 
young and 24 older adults on valence and arousal dimensions, using 
9-point Likert-type scales (1 negative valence or low arousal and l
9 positive valence or high arousal). In addition, these images were 
also normed for complexity, colors present, and size. No systematic 
differences existed across the different emotional categories. Stimuli 
from each emotion category also were selected from the same number 
of semantic categories. Images used in the present study represented 
single objects (i.e., an ice cream sundae depicted on a white back-
ground) in contrast to complex scenes (see Figure 1). One third of the 
images selected were negative and high arousal (valence ratings less 
than 3.5, arousal ratings higher than 5), one third were positive and high
arousal (valence higher than 5.5, arousal higher than 5), and one third 
were neutral (valence ratings between 3 and 6, arousal less than 5). The 
positive and negative images did not differ from one another in arousal 
nor in absolute valence ( p .15). Positive and negative images were 
selected to be significantly more arousimng than neutral images ( p
.001). Images were selected so that the valence and arousal ratings for 

Figure 1. Task design. Participants viewed images that had been rated as positive and arousing (e.g., a diamond ring), negative andTT
arousing (e.g., a grenade), or neutral (e.g., an airplane). Participants indicated, via a buttonpress, whether each item would fit inside 
of a file cabinet drawer.

neutral

Variable ISI

negative

positive
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neutral

TableTT 1
Valence and Arousal Ratings for the Stimuli Used in the Present Study

Valence Arousal

Positive Negative Neutral Positive Negative Neutral

Group Ratings M SE M SE M SE M SE M SE M SE

Young adults 7.02 0.23 2.44 0.26 5.15 0.17 6.61 0.28 6.89 0.21 3.99 0.19
Older adults 7.13 0.31 2.27 0.35 5.53 0.31 6.32 0.31 6.44 0.35 3.89 0.24

Note—Valence and arousal were rated on 9-point scales (high values indicating positive valence and high arousal, 
respectively).
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amine the regions that responded in a different fashion for the young
and older adults, we performed group comparison analyses using the
two-sample t test function within SPM. Note that these group analy-
ses reveal a number of potential patterns: a stronger, valence-based 
response in one group than the other, but with both groups showing
the same direction of response (e.g., negative  positive for young
adults, negative positive for older adults), a strong response in
one group and a null effect in the other (e.g., negative positive for 
young adults, negative positive for older adults), or a reversal in 
the directionality of the response (e.g., negative positive for young 
adults, positive negative for older adults). To characterize the pat-
tern of activity, we created regions of interest (ROIs) that included 
all significant voxels within a 5-mm radius of each maximum voxel 
revealed by the group comparison analyses (using the ROI toolbox 
implemented in MarsBar; Brett, Anton, Valabregue, & Poline, 2002). 
We then extracted the hemodynamic time course for each individual 
participant and for each condition type (relative to fixation baseline)
as a function of peristimulus time (0–21 sec). Statistics were per-
formed on the sum of the signal change occurring between 3 sec and 
12 sec poststimulus onset. These sum of signal change values are 
displayed in the figures. ANOVAs were performed on these extracted 
signal change values to examine whether the ROIs showed a main 
effect of emotion type (i.e., activity greater for one valence than an-
other) or an interaction between age and emotion type.

All activations are presented in neurological coordinates (i.e.,
activity on the right hemisphere is presented on the right side of 
the brain images). Voxel coordinates are reported in Talairach coor-
dinates (Talairach & Tournoux, 1988) and in Montreal Neurologi-
cal Institute (MNI) coordinates (Collins et al., 1998) and reflect the
most significant voxel within the cluster of activation.

RESULTLL S

Behavioral Responses
Analyses revealed that the emotional nature of the item

(positive, negative, or neutral) did not affect young or 
older adults’ reaction times to make the decisions about 
the images (F 1). There was, however, a main effect 
of age on reaction time [F(1,35)FF 32.49, p  .001]. As
expected, older adults were significantly slower to make 
the decisions (mean RT for positive images 2,003 msec,
for negative images  2,032 msec, for neutral images
2,003 msec) than were young adults (mean RT for positive
images 1,391 msec, for negative images 1,304 msec, 
for neutral images  1,345 msec). Participants performed 
the task accurately; fewer than 2% of all responses were 
inaccurate (mean accuracy for young adults 99.4% for 
positive images, 99.2% for negative images, 99.1% for 
neutral images; mean accuracy for older adults 98.5% 
for positive images, 98.7% for negative images, 98.9% for 
neutral images) and neither emotion nor age had an effect 
on response accuracy (F(( 1).

Arousal-Based Responses
As outlined in the methods, we performed a four-way 

conjunction analysis to examine the regions that re-
sponded to all high-arousal stimuli for both young and 
older adults (i.e., negative  neutral for young adults
AND positive neutral for young adults AND negative
neutral for older adults AND positive neutral for older 
adults; see Table A1 in the Appendix for the regions that 
were revealed in each of these four individual contrasts).
Two regions showed this arousal-based response for both 
age groups (see Table A2), including the dorsomedial

tion used here has been shown to lead to a robust positivity shift in 
memory, with young adults showing a memory benefit only for nega-
tive stimuli but older adults showing a robust memory benefit for posi-
tive stimuli (Kensinger, Garoff-Eaton, & Schacter, 2007).

Image Acquisition and Data Analysis
Images were acquired on a 3.0 Tesla Siemens Allegra MRI scan-

ner. Stimuli were back-projected onto a screen in the scanner bore, 
and the participants viewed the images through an angled mirror 
attached to the head coil. Detailed anatomic images were acquired 
using a multiplanar rapidly acquired gradient echo sequence. Func-
tional images were acquired using a T2*-weighted echo planar im-
aging sequence (TR 3,000 msec, TE 30 msec, FOV 200 mm; 
flip angle  90º). Twenty-eight axial-oblique slices (3.2-mm thick-
ness, 0.6-mm skip between slices), aligned in a plane along the axis
connecting the anterior commissure and the posterior commissure, 
were acquired in an interleaved fashion.

All preprocessing and data analysis were conducted within SPM2 
(Wellcome Department of Cognitive Neurology). Standard pre-
processing was performed on the functional data, including slice-
timing correction, rigid body motion correction, normalization to 
the Montreal Neurological Institute template (resampling at 3-mm 
cubic voxels), and spatial smoothing (using 7.6-mm full-width half-
maximum isotropic Gaussian kernel).

An event-related analysis was conducted for each participant; 
on a voxel-by-voxel basis, all instances of a particular event type 
were modeled through convolution with a canonical hemodynamic 
response function. Effects for each event type (positive image, nega-
tive image, neutral image) were estimated using a subject-specific, 
fixed effects model. These data were then entered into a second-
order, random effects analysis.

We primarily were interested in identifying two types of regions: 
those that responded to all high-arousal stimuli regardless of valence, 
and those that responded in a valence-based fashion. To find regions 
that responded in an arousal-based fashion, we first conducted a 
random effects contrast analysis, using the one-sample t test func-
tion with SPM (with between-participants variability to estimate
variance) to examine the voxels in which activity was consistently 
greater for negative than for neutral stimuli or for positive than for 
neutral stimuli. We then performed a conjunction analysis, using the 
masking function in SPM, to test for the regions in which activity 
was enhanced for positive in comparison with neutral stimuli and 
also for negative in comparison with neutral stimuli (i.e., positive
neutral AND negative neutral). We performed these conjunction 
analyses separately in each age group, with the individual contrasts 
included in the contrast analysis analyzed at a threshold of p .01 
(such that the conjoint probability of the conjunction analysis, using 
Fisher’s estimate [Fisher, 1950; Lazar, Luna, Sweeney, & Eddy,
2002], was p  .001). Only regions consisting of at least a 5-voxel 
extent were considered reliable. We then looked for regions showing 
a similar arousal-based response in each age group by performing 
a four-way conjunction (i.e., negative neutral for young adults
AND positive neutral for young adults AND negative  neutral for 
older adults AND positive  neutral for older adults). We also used 
the inverse masking function within SPM to look for regions that
appeared in one age group’s conjunction analysis map but not in
the other group’s map (e.g., regions that responded for negative
neutral and positive neutral for young adults but not for both nega-
tive neutral and positive  neutral older adults).

To examine the regions that responded in a valence-based fash-
ion, we performed contrast analyses separately for each age group
in order to reveal the regions that were more responsive to positive
than to negative items, or vice versa. To examine the regions that
responded in a valence-based fashion for the young and older adults, 
we performed conjunction analyses, using the masking function in 
SPM, to identify the regions that showed the same pattern of response 
(e.g., greater activity for positive than for negative items) for both 
age groups. Each contrast entered into the conjunction analysis was
analyzed at a threshold of p  .01 and with a 5-voxel extent. To ex-
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a lower threshold ( p .05 for each contrast within the 
conjunction). Although this region showed a numerically 
stronger relation to arousal in older adults than in young 
adults, the interaction between age and arousal response 
did not reach significance (F  1) and the region showed 
a relation to arousal in both age groups.

Valence-Based Responses
To examine regions that showed a differential response

based on valence, we contrasted activity for high-arousal
positive images with activity for high-arousal negative items 
(and vice versa) for both age groups. Because positive and 
negative images were statistically matched in arousal across 
both age groups, activation differences between the posi-
tive and negative images should be related to differences 
in valence. Conjunction analyses revealed that there were 
some commonalities in young and older adults’ valence-
based responses (see Table A3 for regions activated simi-
larly for younger and older for positive negative, as well 
as regions activated similarly across both age groups for 

PFC (DMPFC; Figure 2, region outlined in blue; Ta-
lairach coordinates 8, 61, 15 for positive  neutral AND

negative neutral; BA 10). A 2 (age)  3 (item type) 
repeated measures ANOVA conducted on the sum of the
signal change in this region of the DMPFC confirmed 
that there was a main effect of age [greater deactivation
across all three valence categories for the older adults in 
comparison with the younger adults; F(1,35)FF  4.43, p
.04; 2

p .11]. There was also a significant main effect of 
item type [similarly high activation to positive and nega-
tive stimuli, and significantly lower activation to neutral
stimuli; F(2,70)FF 4.00, p  .03; 2

p  .10], but a non-
significant interaction between item type and age group 
[F(2,70)FF 0.03, p .96; 2

p .001]. Critically, inverse 
masking revealed no regions that appeared in the young 
adults’ conjunction analysis and not in the older adults’ 
conjunction analysis. There was one region of the insula 
(Talairach coordinates: 32, 22, 17) that was revealed in the
older adults’ conjunction analysis at the standard thresh-
old but only in the young adults’ conjunction analysis at

Figure 2. A DMPFC region (Talairach coordinates 8, 61, 15; BA 10) showed similar patterns of arousal-based (i.e., valence-TT
independent) activation for both younger and older adults. Graphs indicate greater (i.e., less negative) activation for positive and 
negative images than for neutral across both younger and older adults (i.e., positive  neutral AND negative  neutral as confirmed 
by post hoc t tests; both ps .001). (Both positive and negative stimuli were rated highly arousing, whereas neutral stimuli were rated 
low in arousal; error bars represent standard error values.)
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DISCUSSION

Results of the present study revealed two separate pat-
terns of neural activation within the prefrontal cortex: A 
dorsomedial prefrontal region was modulated by stimulus 
arousal, whereas a ventromedial region responded based 
on stimulus valence. In general, the brain regions modu-
lated by the stimulus arousal dimension displayed similar 
patterns of response in both younger and older adults. By 
contrast, regions activated more by the stimulus valence 
dimension showed an age-related valence-based reversal 
in patterns of activation. These results are consistent with
mounting evidence that arousal-based processing may be 
relatively preserved with aging, whereas valence-based 
processing may undergo significant age-related change.

The arousal-dependent (and valence-independent) re-
sponse of the DMPFC region is consistent with the find-
ings of Kensinger and Schacter (2006) and Dolcos et al.
(2004), who presented participants with positive, negative, 
and neutral photographs from the IAPS set (Lang, Bradley, 
& Cuthbert, 2005). Despite the fact that these prior studies
used a separate paradigm and set of stimulus images, these

negative positive). However, group comparison analy-
ses also indicated that there were important group differ-
ences in the valence-based responses. Consistent with our 
hypothesis that age-related changes in emotion processing
would arise within the prefrontal cortex, a ventral region of 
the medial prefrontal cortex (MPFC)—extending into the
ventral anterior cingulate gyrus—activated significantly, as 
did a few other regions1 (see Table A4). Interestingly, when
we extracted hemodynamic time courses from these re-
gions, those time courses revealed that each of these regions
displayed a valence reversal (i.e., negative  positive in
younger adults and positive  negative in older adults; see
Table A3). For example, the ventral MPFC activated more
strongly in younger adults for negative than for positive im-
ages (Figure 3; region outlined in purple, Talairach coordi-
nates 0, 39, 5; BA 32), whereas the same region responded 
more strongly in older adults for positive than for negative 
images. This age-related reversal in valence-based respond-
ing was confirmed by a 2 (age)  2 (valence) repeated mea-
sures ANOVA, which revealed a significant age valence
interaction [negative positive in younger and positive
negative in older; F(1,35)FF  5.87, p  .02; 2

p  .14].

Figure 3. A VMPFC/anterior cingulate region (Talairach coordinates 0, 39, TT 5; BA 32) activated more strongly in younger adults for
negative than for positive images (top panel) and activated more strongly in older adults for positive than for negative images (bottom
panel). The graphs highlight this valence reversal with greater (i.e., less negative) activation for the negative images in young adults
(top) and for the positive images in older adults (bottom). Error bars represent standard error values.
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uli, which could lead, in turn, to young adults’ “negativity 
bias” and to older adults’ “positivity effect.”

Although the present study cannot directly elucidate
the mechanism through which the reversal in the valence-
based responding occurs, we believe that the fact that such
age-related reversals occurred within the VMPFC (and not
within other regions of the limbic system) is consistent
with the suggestion that older adults’ “positivity effect” 
may arise from changes in controlled emotional processing
or in emotion regulation. The hypothesized link between 
controlled emotion processing and older adults’ “positivity 
effect” has been proposed based on behavioral evidence. 
In particular, Mather and Knight (2005) found that, when 
asked to process emotional images while performing an
effortful divided attention task, older adults’ “positivity ef-ff
fect” was eliminated. Older adults, just like young adults, 
remembered more negative than positive images. Thus,
when older adults’ cognitive control resources were limited, 
reducing their ability to regulate their responses to emo-
tional information, they showed no “positivity effect.” This 
link between cognitive control processes and the “positivity
effect” was further substantiated by the finding that older 
adults with good cognitive control showed a larger “positiv-
ity effect” than those with poorer cognitive control (Mather 
& Knight, 2005). Because regions such as the VMPFC
and anterior cingulate have been previously implicated in 
more controlled stages of emotional processing (Drevets
& Raichle, 1998; Lane, Reiman, Ahern, et al., 1997; Lane, 
Reiman, Bradley, et al., 1997), the present results dovetail
nicely with those previous behavioral findings.

An intriguing possibility raised by the present study is 
that age-related changes in the processing of positive infor-
mation may be connected to self-referential processing. The 
VMPFC has been connected to self-referential processing
and to representations of stable knowledge regarding the self 
(e.g., stable personality traits and dispositions in contrast
to transient states; D’Argembeau et al., 2005). Thus, when 
people are asked to process information in a self-relevant 
manner (e.g., deciding whether adjectives describe them),
activity in the VMPFC is greater than in conditions in which
people process information in reference to others (e.g., de-
ciding whether adjectives describe President Bush; Johnson
et al., 2002; Schmitz, Kawahara-Baccus, & Johnson, 2004). 
This tie between VMPFC activity and self-referential pro-
cessing occurs for older adults as well as for young adults 
(Gutchess et al., 2007). In fact, this tie between MPFC ac-
tivity and self-referential processing may explain the below-
baseline response shown in this task, as in most prior studies 
examining MPFC response (e.g., D’Argembeau et al., 2005; 
Johnson et al., 2005; Kensinger & Schacter, 2006). The fact 
that these regions tend to show the highest activity levels 
during baseline has been proposed to reflect the fact that
self-referential processing is likely to be a “default mode” 
of processing, carried out during the baseline periods (Gus-
nard & Raichle, 2001): When participants are not given a 
task to perform, they are likely to think about themselves—
things they need to do, things that have happened to them, 
and so on. Thus, when task-related trials occur, participants 
actually disengage these self-referential processes and shift
toward other processes that allow them to perform the ex-

researchers also reported greater activity in the DMPFC (Ta-
lairach coordinates 3, 54, 28; BA 9/10) for high-arousal ver-rr
sus low-arousal image stimuli. Thus, the DMPFC appears to
show consistent, arousal-based processing (see also Anders, 
Lotze, Erb, Grodd, & Birbaumer, 2004; Grimm et al., 2006). 
The fact that the pattern of DMPFC response in the present
work was comparable in the two age groups suggests age-
related preservation of the mechanisms supporting arousal-
based processing. This finding is generally consistent with
behavioral evidence suggesting that older adults, like young
adults, rapidly detect arousing information (Hahn, Carlson,
Singer, & Gronlund, 2006; Leclerc & Kensinger, 2008;
Mather & Knight, 2006) and show robust mnemonic ben-
efits for arousing information (Kensinger, 2008).

In contrast to the pattern of response in the DMPFC, the 
VMPFC/anterior cingulate displayed valence-based pat-
terns of activation that were age-dependent. Activity in this
region was greater in young adults for negative versus posi-
tive emotional images, whereas in older adults, activity was 
greater for positive versus negative images. The VMPFC/
anterior cingulate is a region that has previously been impli-
cated in the processing of emotional valence (see, e.g., An-
derson et al., 2003; Dolcos et al., 2004; Grimm et al., 2006;
Small et al., 2003). The present results suggest that this 
region continues to play a role in valence-based processing
across the adult life span. However, although its activity is
valence based for both young and older adults, the nature
of that valence-based response appears to change across
the life span. This valence reversal within the VMPFC/an-
terior cingulate parallels behavioral age-related reversals 
in the types of information that are most likely to sustain
attention and be remembered. Across a range of tasks, 
particularly those that involve social-information process-
ing, young adults tend to show a “negativity bias,” sustain-
ing attention on negative rather than positive stimuli, and 
remembering negative items more often (Pratto & John,
1991). By contrast, older adults often show a “positivity
effect” (Carstensen & Mikels, 2005).

Prior studies have revealed that the VMPFC plays a
critical role in emotion processing. According to extensive
meta-analytic reviews, the VMPFC/anterior cingulate is 
activated in response to a range of emotions (Phan, Wager, 
Taylor, & Liberzon, 2002) and may play a role in a wide
range of behavioral outputs including appraisal, evalua-
tion, as well as emotional experience and expression (e.g., 
Lane, Reiman, Ahern, Schwartz, & Davidson, 1997; Lane,
Reiman, Bradley, et al., 1997). The VMPFC/anterior cingu-
late may be particularly important for the cognitive aspects
associated with emotional processing, such as attention
toward and identification of emotional feelings (Drevets
& Raichle, 1998). Consistent with these suggestions, in-
dividual differences in the resting state activity within the 
VMPFC predict the extent to which negative affect is ex-
perienced (Zald, Mattson, & Pardo, 2002), and activation 
within the VMPFC can correspond with ratings of stimu-
lus valence (e.g., Anderson et al., 2003; Small et al., 2003).
Given this prior evidence, it makes good sense that a rever-
sal in the valence-based responding of the VMPFC could 
lead to changes in the allocation of attention to emotional 
stimuli, or in the elaborative processing of emotional stim-
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et al., 2006; Kensinger, 2008; Mather & Knight, 2006) but 
show changes in valence-based influences (Carstensen 
& Mikels, 2005; Charles et al., 2003; Isaacowitz et al., 
2006; Kennedy et al., 2004; Kensinger, 2008; Mather &
Carstensen, 2005). Taken together, these findings suggest
that at least some of the age-related changes in emotion pro-
cessing arise due to the patterns of age-related preservation
versus alteration of function with regions of the MPFC.
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TableTT A1
Regions Responding to Positive or Negative Images in Young or Older Adults

Talairach MNI
Coordinates of Coordinates of Approximate

Peak Voxel Peak Voxel Voxel Brodmann
Region Hemisphere  (x(( , y, z) (x(( , y, z) Extent Area

Younger Adults
Positive  Neutral

Cuneus Left 10, 94, 21 10, 98, 18 44 19
Fusiform gyrus Bilateral 44, 74, 10 44, 76, 16 67 19

44, 57, 14 44, 58, 20 20 37
Inferior frontal gyrus Right 24, 33, 10 24, 34, 10 37 47

36, 33, 3 36, 34, 2 47
Inferior temporal gyrus Right 50, 74, 1 50, 76, 6 19
Medial frontal gyrus Bilateral 0, 49, 44 0, 48, 50 8

40, 34, 10 40, 36, 10 36 11
Middle occipital gyrus Bilateral 34, 89, 8 34, 92, 4 78 19

26, 91, 5 26, 94, 0 18
46, 78, 4 46, 80, 0 19
24, 89, 4 24, 92, 0 25 18

Parahippocampal gyrus Right 20, 22, 14 20, 22, 18 58 35
Superior frontal gyrus Bilateral 4, 36, 52 4, 34, 58 154 8

12, 49, 42 12, 48, 48 8
10, 64, 8 10, 66, 12 37 10
10, 32, 52 10, 30, 58 21 6

Superior temporal gyrus Right 50, 56, 14 50, 58, 12 147 22

Negative Neutral

Inferior frontal gyrus Left 44, 29, 12 44, 30, 12 18 47
Medial frontal gyrus Bilateral 2, 50, 16 2, 52, 16 53 11

12, 44, 11 12, 46, 10 10
6, 63, 10 6, 64, 14 23 10

46, 18, 43 46, 16, 48 21 8
Middle temporal gyrus Right 63, 52, 4 64, 54, 2 18 21
Precuneus Right 2, 48, 48 2, 52, 50 60 7
Superior frontal gyrus Right 4, 41, 50 4, 40, 56 28 8

4, 58, 27 4, 58, 32 32 9
10, 59, 19 10, 60, 24 10

Superior temporal gyrus Right 48, 57, 19 48, 60, 18 195 39
59, 55, 19 60, 58, 18 22
50, 8, 11 50, 8, 14 43 21

APPENDIX
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TableTT A1 (Continued)

Talairach MNI
Coordinates of Coordinates of Approximate

Peak Voxel Peak Voxel Voxel Brodmann
Region Hemisphere  (x(( , y, z) (x(( , y, z) Extent Area

Older Adults

Positive  Neutral

Anterior cingulate Left 12, 29, 3 12, 30, 2 23 32
Fusiform gyrus Bilateral 44, 51, 11 44, 52, 16 131 37

42, 37, 12 42, 38, 16 30 20
Inferior frontal gyrus Right 46, 28, 15 46, 28, 18 46
Insula Right 30, 18, 18 30, 18, 20 13
Middle frontal gyrus Left 22, 44, 12 22, 46, 12 29 11
Middle occipital gyrus Right 48, 72, 7 48, 74, 4 19

26, 83, 4 26, 86, 0 20 18
Middle temporal gyrus Bilateral 48, 67, 14 48, 70, 12 148 39

50, 60, 12 50, 62, 10 39
63, 43, 2 64, 44, 0 63 21
59, 50, 1 60, 52, 2 21
46, 33, 3 46, 34, 6 19 21
46, 71, 16 46, 74, 14 64 39
53, 65, 25 54, 68, 24 39

Subgyral Right 50, 43, 5 50, 44, 8 37
Superior temporal gyrus Bilateral 55, 50, 8 56, 52, 6 22

59, 50, 10 60, 52, 8 23 22

Negative  Neutral

Fusiform gyrus Bilateral 40, 64, 7 40, 66, 12 21 19
48, 45, 13 48, 46, 18 77 37

Inferior parietal lobule Right 42, 43, 41 42, 46, 42 27 40
Insula Right 32, 24, 17 32, 24, 20 13
Middle frontal gyrus Bilateral 50, 27, 28 50, 26, 32 18 9

40, 19, 21 40, 18, 24 40 46
Middle occipital gyrus Right 26, 83, 4 26, 86, 0 53 18
Middle temporal gyrus Bilateral 48, 67, 14 48, 70, 12 169 39

50, 69, 11 50, 72, 8 324 39
55, 60, 3 56, 62, 0 37
55, 50, 6 56, 52, 4 22

Precentral gyrus Left 38, 4 2, 39 38, 4, 42 28 6
Precuneus Bilateral 18, 70, 42 18, 74, 42 28 7

10, 51, 30 10, 54, 30 26 31
20, 75, 44 20, 80, 44 24 7

TableTT A2
Regions Activating on the Basis of Arousal for Younger and Older Adults 

Talairach MNI
Coordinates of Coordinates of Approximate

Peak Voxel Peak Voxel Voxel Brodmann
Region Hemisphere (x(( , y, z) (x(( , y, z) Extent Area

Medial frontal gyrus Right 8, 61, 15 8, 62,  20 6 10
Middle temporal gyrus Left 51, 63, 18 52, 66,  16 39 39

Note—Regions were revealed by a four-way conjunction analysis—that is, positive neutral for young
adults AND negative  neutral for young adults AND positive  neutral for older adults AND negative
neutral for older adults.
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TableTT A3
Regions Activating Similarly on the Basis of Valence for Younger and Older Adults 

Talairach MNI
Coordinates of Coordinates of Approximate

Peak Voxel Peak Voxel Voxel Brodmann
Region Hemisphere  (x(( , y, z) (x(( , y, z) Extent Area

Positive  Negative

Precentral gyrus Bilateral 34, 24, 60 34, 28, 64 8 4
48, 8, 39 48, 10, 42 10 6

Superior frontal gyrus Right 12, 56, 11 12, 58, 10 9 10
14, 41, 38 14, 40, 44 5 8

Cingulate gyrus Left 4, 24, 25 4, 26, 26 15 23
Amygdalohippocampal complex Right 32, 5, 18 32, 4, 22 33
Cuneus Right 22, 88, 25 22, 92, 22 171 19

12, 90, 23 12, 94, 20 19
16, 85, 12 16, 88, 8 18

Lingual gyrus Bilateral 10, 86, 6 10, 88, 12 13 18
8, 74, 1 8, 76, 6 7 18

16, 78, 3 16, 80, 8 15 18
Middle temporal gyrus Right 55, 1, 13 56, 0, 16 7 21

Negative Positive

Inferior frontal gyrus Right 51, 11,   31  52,   10,   34 9
  44,   33,  9   44, 34, 12 26 46

Middle frontal gyrus Right  46,  8,  36 46,    6,   40 72 9
Thalamus Left 6, 25,    0 6, 26, 2 42
Superior temporal gyrus Right   44, 56,  16   44, 58, 14 6 22

Note—Regions were revealed by a conjunction analysis—that is, positive  negative in young adults AND positive
negative in older adults.

TableTT A4
Regions Showing an Interaction Between Age and Valence 

Talairach MNI
Coordinates of Coordinates of Approximate

Peak Voxel Peak Voxel Voxel Brodmann
Region Hemisphere (x(( , y, z) (x(( , y, z) Extent Area

Middle frontal gyrus Left 36, 25, 43 36, 24, 48 34 8
Anterior cingulate Bilateral 0, 39, 5 0, 40, 4 38 32

12, 46, 9 12, 48, 8 22 32
Angular gyrus Left 42, 67, 27 42, 70, 26 102 39

50, 68, 31 50, 72, 30 39
Precuneus Left 4, 52, 43 4, 56, 44 19 7
Thalamus Left 0, 19, 3 0, 20, 2 30

Note—All regions identified by this contrast analysis showed an age-related valence reversal—that is,
negative positive for younger AND positive negative for older.
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