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Abstract
We used event-related potentials to investigate how aging affects local contextual processing. Local
context was defined as the occurrence of a short predictive series of visual stimuli before delivery
of a target event. Stimuli were presented to either the left or right visual field and consisted of 15%
targets (downward facing triangle) and 85% of equal numbers of three types of standards (triangles
facing left, upwards and right). Recording blocks consisted of targets preceded by either randomized
sequences of standards or by sequences including a three-standard predictive sequence signaling the
occurrence of a subsequent target event. Subjects pressed a button in response to targets. Predictive
local context affected target detection by reducing the duration of stimulus evaluation compared to
detection of non-predictive random targets comparably for both young and older adults, as shown
by a P3b latency shift. The peak of an earlier latency context positivity, which was seen only in the
predicted compared to the random target condition, was prolonged in the older population compared
to young adults. Finally, older subjects elicited a late sustained positivity in the predictive condition,
not seen in the younger subjects. Taken together, theses findings suggest that local contextual effects
on target detection processes are altered with age.
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1. Introduction
Contextual processing is essential for the performance of cognitive functions (Braver at al.,
2002; 2005) and enables extraction of relevant environmental information to guide our
behavior in facilitating the selection of an appropriate task-specific response. For example, we
process local contextual information every time we drive our car and see a traffic light turn
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from green to yellow to red. Utilizing this sequence of events allows us to choose the
appropriate response to hit the brakes and to stop our vehicle.

Evidence from neuropsychological, event-related potential (ERP) and neuroimaging studies
supports a key role of the prefrontal cortex (PFC) in contextual processing (Barcelo and Knight,
2007; Barch et al., 2001; Huettel et al., 2005; MacDonald et al., 2000). The central proposition
is that information such as task instructions, a cue or the processing of preceding sequential
stimuli, are maintained in the PFC to facilitate appropriate response to salient target stimuli
(Cohen and Servan-Schreiber, 1992; Huettel et al., 2005; MacDonald et al., 2000).

Normal aging is associated with changes in higher cognitive functions (Braver et al., 2002,
2005; Cerella, 1985; Sliwinski and Buschke, 1999; West and Schwarb, 2006) and these changes
may be due in part to a decline in efficient processing of contextual information (Bayen et al.,
2000; Braver at al., 2002, 2005; Smith et al., 1998; West and Schwarb, 2006). It is known that
older adults have specific deficits in processing certain types of contextual information, that
are manifested as impairments in activation and updating of context (Braver at al., 2005) and
deficits in the integration of context and item (Bayen et al., 2000), specifically in self-initiated
effortful integration of contextual information (Smith et al., 1998). These selective deficits in
context processing are proposed to be associated with age-related changes in prefrontal cortex
function (Braver and Barch, 2002; de Keyser et al., 1990; Raz et al., 1997).

Contextual processing has been linked to the P300 component of the ERP (Barcelo and Knight,
2007; Donchin and Coles, 1988; Polich and Criado, 2006; Poulsen et al., 2005; Squires et al.,
1976). The extant literature supports the notion that hypotheses about the environment are
continuously generated as a function of incoming information (Donchin and Coles, 1988), and
that the target P300 ERP component (P3b) provides a measure of the evaluation of
environmental signals as a function of context (Squires et al., 1976). There is evidence to
suggest that local contextual processing affects the P3b. A recent study demonstrated that
predictive local context reduces the duration of stimulus evaluation of predictive targets
compared to random targets, as seen by a P3b latency shift (Fogelson et al., 2009). In this study
it was also reported that local predictability was associated with a context positivity, which
occurred earlier than the conventional P3b but had a similar scalp distribution. The authors
proposed that this context positivity may reflect an early template match process related to
early stages of target detection processes or of preparatory attention (Squires et al., 1973; Chao
et al., 1995; Donchin and Coles, 1988; Polich 2003; Polich and Criado, 2006). There is evidence
that maintaining target templates in working memory and preparatory processes are impaired
in elderly subjects (Dujardin et al., 1993; Fabiani et al., 1998; Fjell and Walhovd, 2001; West
and Scwarb, 2006; West and Travers, 2008). Thus, it is likely that electrophysiological
measures of early latency target detection processes, such as the context positivity, are affected
by age.

The P3b component has been shown to be affected by age, such that decreases in amplitude
and delays in latency are often observed with increasing age (Ander et al., 1996; Dujardin et
al., 1993; Fjell and Walhovd, 2001; Ford et al., 1982; Polich, 1996). Another consistent finding
is a shift in P3b activation from posterior to anterior cortical areas in the elderly population
compared with young adults who show a traditional posterior scalp P3b (Anderer et al.,
1996; Daffner et al., 2005; Dujardin et al., 1993; Fabiani et al., 1998; Fjell and Walhovd,
2001; West and Travers, 2008). This age-related change in P3b topography has been linked to
frontal cortex dysfunction (Fabiani et al., 1998). The hypothesis is that elderly subjects have
more difficulties in automating the processing of infrequent target stimuli, requiring that PFC
dependent working-memory regions are constantly engaged (Dujardin et al., 1993; Fabiani et
al., 1998; Fjell and Walhovd, 2001; Daffner et al., 2005). It is important to note that aging has
been associated primarily with changes in late ERP components (such as the P300) that are
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related to late controlled stages of information processing, while early ERP components, related
to early perceptual stages of information processing, are not as sensitive to the effects of aging
(Dujardin et al., 1993; Looren de Jong et al., 1988; Polich, 1996). Post-target detection
processes have also been shown to be affected by age. For example, there is evidence that older
subjects have difficulties in reaching confident decisions compared to younger adults (Ford et
al., 1979; Looren de Jong et al., 1988).

The aim of the present study was to use electrophysiological measures to explore the effects
of aging on processing of local contextual information. Local context was defined as the
occurrence of a short predictive series of visual stimuli before the delivery of a target event.
We used the P3b, and the difference wave between predicted and random targets to examine
the effects of a predictive sequence on local contextual processing in aging, employing a variant
of a previously reported paradigm (Fogelson et al., 2009). This study identified three main
neural correlates of contextual processing. First, we observed a P3b latency shift between
predicted and random targets, associated with faster reaction times. Second, we reported a
newly described context positivity (CP) derived from the difference wave between predictive
target detection compared to random target detection. Third, local contextual processing was
associated with the generation of a robust P3b to the final most-informative stimulus of the
predicting sequence. The objective of the current study was to examine the effect of aging on
these neural correlates of local contextual processing. We also used the N1 ERP to measure
early perceptual processing, predicting that any changes observed in local contextual
processing between the age groups will be cognitive rather than perceptual (Dujardin et al.,
1993; Fogelson et al., 2009; Polich, 1996). Finally, we examined the effect of age on late latency
(400–800 msec post-stimulus onset) processes of post-target detection, and whether these were
specific to conditions of local context-dependent target detection.

2. Method
2.1 Subjects

Twelve young adults (mean age = 24 years, 6 females) and eleven older adults (mean age =
65, 6 females) participated in the study. All the subjects were right-handed, had normal vision
and had no history of psychiatric or neurological problems. Subjects were consented prior to
being tested and were paid for their participation. The Committee for the Protection of Human
Subjects for University of California, Berkeley approved the study.

2.2 Task
Subjects sat in a sound attenuated booth 110 cm in-front of a 21-inch PC-computer screen.
Stimuli were presented to either the left or right visual field 6 degrees from fixation. The subject
was asked to centrally fixate throughout the recording. Stimuli consisted of approximately 15%
targets (downward facing triangle) and 85% of equal numbers of three types of standards
(triangles facing left, upwards and right). In each block a total of 78 stimuli (12 targets, 22 of
each standard type) were presented each for 150 msec and ISI of 1 sec. Recording blocks
consisted of targets preceded by either randomized sequences of standards or by sequences
including a three-standard predictive sequence. The predictive sequence always consisted of
the three standards of triangles facing left, up and right, always in that order. Figure 1 illustrates
an example of randomized and predicted sequences. Each block consisted of 6 different
randomized sequences of standards (3–8 standards long) preceding the target; and 6 sequences
of standards (3–8 standards long) with a predictive sequence preceding the target in each. Each
recording session consisted of 14 different blocks, displayed in randomized order, each
approximately 1.6 minutes long. Blocks were counterbalanced such that there were equal
amount of stimuli presented to the right and left visual hemi-field across the blocks.
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Subjects performed a brief training session to ensure they were able to detect the target
accurately. Subjects were then introduced to the predictive sequence before the recordings
began and were aware that it would be a 100% predictive of a target, but that targets would
also appear randomly throughout the block. Subjects were asked to press a button with their
right index finger each time a target was presented and to pay attention and look for the
predictive sequence. Subjects then performed another brief training session to ensure that they
were confident in the detection of the predictive sequence as well as the targets. Stimulus
presentation and response recordings were controlled using E-prime (Psychology Software
Tools, Inc., Pittsburgh, USA).

2.3 Recording
EEG was recorded from a 64 electrode array using the Active Two system (Biosemi, The
Netherlands). External electrodes above and below the right eye monitored vertical eye
movements and electrodes placed laterally to the left and right eyes monitored horizontal eye
movements. Signals were amplified and digitized at 512 Hz and filtered at 0.16–100 Hz. Post
processing and ERP analysis of the data was performed using Brain Vision Analyzer (Brain
Products GmbH, Germany). All channels were re-referenced to averaged linked earlobes.

2.4 ERP Analysis
Prior to ERP analysis ocular movements were defined using ICA and were removed by a linear
derivation using Brain Vision Analyzer. Epochs containing misses (no button press 150–1150
msec post stimulus onset) were excluded from further analysis. EEG signals were filtered at
0.1–30 Hz for subsequent analysis. EEG signals were sorted and averaged relative to the
stimulus onset, with epochs set from −200 to 1000 msec relative to stimulus onset. EEG epochs
with amplitude of more than 75 µV at any electrode were excluded.

2.4.1 P3b—P3b was measured as the most positive point in the latency range of 250–700
msec in the young adults and 250–800 msec in the older adults. In order to restrict the number
of comparisons and to determine if any significant lateralization effects of hemisphere or visual
field existed, an omnibus ANOVA was first performed. In this ANOVA we used the P3b peak
amplitude at electrode sites (F3, F4, Fz, C3, C4, Cz, P3, P4, Pz) and from both visual fields of
stimuli presentation (right and left) for six different conditions (predictive and random targets,
standards and the three standards comprising the predicting sequence) across both groups
(young and older adults). No differences were observed between the two visual fields of
presentation, or between left and right hemisphere electrode sites. Thus, all P3b ERP data were
collapsed across visual fields for subsequent analysis. In addition we concentrated on midline
electrode sites (AFz, Fz, FCz, Cz, CPz, and Pz) to explore anterior versus posterior
topographical differences of the P3b for the different target conditions. Furthermore, since
robust P3b components were induced only for the two target conditions (random and
predictive) and for the last most-informative standard of the predicting sequence, we used these
for the further statistical analysis of P3b amplitude effects (see Fogelson et al., 2009, for
detailed discussion of all 6 conditions). Thus, peak P3b amplitude (measured in µV) at AFz,
Fz, FCz, Cz, CPz, and Pz were evaluated for 4 conditions: targets after predictive sequences
(predicted), targets after non predictive random sequences (random), random preceding
standards (standards excluding those comprising of the predicting sequence) and the last most-
informative standard of the predicting sequence (n−1) for both groups. Peak P3b latency
(measured in msecs) was compared between the two target conditions. Since there were no
significant differences in peak P3b latency between the six electrodes, we used the electrode
with maximal P3b amplitude for statistical analysis.
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There were comparable number of trials for predicted (57 ± 4, young and 56 ± 7, older adults),
random (56 ± 4, young and 55 ± 6, older adults) and n−1 (60 ± 3, young and 57 ± 5, older
adults) conditions after removal of misses and artifacts.

2.4.2 Context positivity and late sustained activity—A difference wave subtracting
random targets from predicted targets was derived, to extract the context positivity (CP) that
was observed in the predicted target compared to the random target condition. Peak amplitude
and latency were evaluated for CP by determining the most positive point in the latency range
of 150–400 msec. Like P3b no field effects were observed and data were collapsed across
visual fields for subsequent analysis. The CP was evaluated at AFz, Fz, FCz, Cz, CPz, and Pz.
In addition, the mean difference wave (DW) amplitude for the range 400–800 msec post
stimulus onset (late DW) was evaluated for each of the six midline electrode sites, to extract
the late sustained activity observed in the predicted target compared to random target condition
in older compared to younger adults.

2.4.3 N1—To assess whether any age-related changes in local contextual processing are
affected by early perceptual processes we analyzed N1 for the two target conditions. Peak N1
amplitudes (measured in µV) were determined at PO7 and PO8 for both predicted and random
targets presented to the right or left visual field. N1 was determined as the most negative peak
in the latency range of 50–200 msec.

Analysis of variance (ANOVA) was performed with the Greenhouse-Geisser correction,
followed by post-hoc parametric paired t-tests, Sidak corrected for multiple comparisons unless
otherwise stated. All t-tests reported are two-sided. Mean values with standard error of the
mean (SEM) are used throughout the text. Partial eta squared (ηp 2) values are reported where
applicable.

3. Results
3.1 Behavioral results

Mean accuracy was 97 ± .6 % and 99 ± .3 % for the young and older adults, respectively. To
compare the reaction times (RT) for the targets between the groups we performed an ANOVA
with group (young vs. older) as the between-subject factor and condition (predicted vs. random
targets) as the repeated measures factor. There was a main effect for condition (F(1,21) =
105.47, p< .0001, ε = 1, ηp 2 = .83). However, there was no significant overall effect of age (F
(1,21) = 3.81, p = .07, ηp 2 = .15), neither a condition x group interaction (F(1,21) = .67, p=0.4,
ηp 2 = .03). Post hoc t-tests showed that the reaction times for the predicted targets (mean RT
= 309 ± 23 msec and 366 ± 18 msec for young and older adults, respectively) were shorter than
those for random targets (mean RT = 486 ± 19 msec and 517 ± 17 msec for young and older
adults, respectively) in both groups (t(11) = 7.39, p< .0001 and t(10) = 7.29, p< .0001 for young
and older adults, respectively). RT values are illustrated in Figure 2a.

3.2 P3b
Scalp distributions of the grand-averaged ERPs across the 12 subjects in the young group and
across the 11 subjects in the older group at Cz and CPz elicited by predicted and random targets,
standards and n−1, the last most-informative stimulus of the predicting sequence, are shown
for the young and older adults in Figure 3. Both groups show a robust posterior P3 component
for targets with a shift in latency between predicted and random targets.

To compare peak P3b amplitudes we performed an ANOVA with group (young vs. older) as
the between-subject factor and with condition (predicted, random targets, n-1, and standards)
and electrode (AFz, Fz, FCz, Cz, CPz, and Pz) as the repeated measures factors. There was no
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significant overall effect of age in the comparison of peak P3b amplitude (F(1,21) = .70, p = .
41, ηp 2 = .03). However, there was a main effect for condition (F(3,63) = 35.6, p< .0001, ε = .
67, ηp 2 = .63) and electrode (F(5,105) = 68.56, p< .0001, ε = .33, ηp 2 = .77), with significant
electrode x group (F(5,105) = 4.81, p= .019, ηp 2 = .19) and electrode x condition (F(15,315)
=17.11, p< .0001, ε = .31, ηp 2 = .45) interactions.

Both groups showed maximal and minimal P3b amplitudes at CPz and AFz, respectively. Post-
hoc tests, corrected for multiple comparisons, showed that peak P3b amplitude at CPz was
larger for predicted targets (mean P3b amplitude = 23.66 ± 2.37 µV, p< .0001 in young and
20.81 ± 2.75 µV, p< .0001 in older adults), random targets (mean P3b amplitude = 22.65 ±
2.24 µV, p< .0001 in young and 18.31 ± 2.11 µV, p< .0001 in older adults), and n−1 condition
(mean P3b amplitude = 16.36 ± 1.71 µV, p = .013 in young and 13.11 ± 2.0 µV, p< .0001 in
older adults) compared to standards (mean P3b amplitude = 9.30 ± .86 µV in young and 7.76
± 1.60 µV in older adults). P3b amplitude in the n-1 condition was smaller compared to
predicted and random targets (p = .037) in the older adults. However, there was no significant
difference in P3b amplitude between random and predicted targets in both groups.
Topographical maps of P3b amplitudes in the two age groups, displayed in Figure 3, indicate
a more frontal distribution of P3b in the older adults compared to the younger adults. For
instance, post-hoc tests corrected for multiple comparisons, showed that in younger adults P3b
amplitude for random targets was smaller at AFz (12.51 ± 1.33 µV) compared to all the other
5 midline electrodes (21.28 ± 2.40 µV at Pz, 22.65 ± 2.24 µV at CPz, 21.55 ± 2.12 µV at Cz,
18.09 ± 1.79 µV at FCz, 14.98 ± 1.53 µV at Fz, p≤ .003). In older adults P3b amplitude for
random targets was smaller at AFz (12.41 ± 2.60 µV) compared to Pz (16.65 ± 2.17 µV, p = .
02), CPz (18.31 ± 2.11 µV, p = .002), Cz (17.05 ± 2.53 µV, p = .008) and FCz (15.44 ± 2.61
µV, p = .007), but not compared to Fz (13.71 ± 2.68 µV, p = .09).

Since peak P3b amplitudes were largest at CPz we used this electrode, for both target conditions
in all the subjects, in the comparison of peak P3b latencies and performed an ANOVA with
group (young vs. older) as the between-subject factor and with condition (predicted vs. random
targets) as the repeated measures factor. There was an overall significant effect of age in the
comparison of peak P3b latency (F(1,21) = 10.62, p= .004, ηp 2 = .34) with slower P3b latencies
in the older adults compared to the younger adults. There was a main effect for condition (F
(1,21) = 35.82, p< .0001, ε = 1, ηp 2 = .63). However, there was no significant condition x
group interaction (F(1,21) = .71, p = .41, ηp 2 = .03). In both groups peak P3b latency was
shorter for predicted targets (mean P3b latency = 373 ± 11 msec and 504 ± 34 msec for young
and older adults, respectively) compared to the peak P3b latency for random targets (mean P3b
latency = 517 ± 26 msec and 613 ± 39 msec for young and older adults, respectively; t(11) =
6.7, p< .0001 for young and t(10) = 2.9, p= .016 for older adults). These comparisons are
displayed in Figure 2b.

3.3 Context Positivity
We compared the peak context positivity (CP) amplitude (derived from the difference wave
between predicted and random targets), demonstrating the early latency context dependent
positive shift observed in the predicted target compared to the random target condition. We
performed an ANOVA with group (young vs. older) as the between-subject factor and electrode
(AFz, Fz, FCz, Cz, CPz, and Pz) as the repeated measures factor. There was no significant
overall effect of age in the comparison of peak CP amplitude (F(1,21) = .36, p = .55, ηp 2 = .
02). There was a main effect for electrode (F(5,105) = 24.54, p< .0001, ε = .46, ηp 2 = .54).
However, there was no significant electrode x group interaction (F(5,105) = 1.46, p = .24,
ηp 2 = .07). Peak CP amplitudes were maximal at CPz and minimal at AFz across age groups.
Thus, the CP has a posterior – parietal scalp distribution similar to that of P3b as is illustrated
in Figure 4. Since CPz had maximal CP amplitudes we used this electrode to compare CP peak
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latencies between the two age groups. An independent t-test showed significantly shorter peak
CP latencies at CPz in the young adults (mean CP latency = 306 ± 11 msec) compared to the
older adults (mean CP latency = 346 ± 11 msec, t(21) = 2.55, p= .019), as is illustrated in Figure
4.

T-tests comparing CP peak latency versus P3b peak latency for targets at CPz showed CP peak
latency to be shorter (mean CP latency = 306 ± 11 msec and 346 ± 11 msec for young and
older adults, respectively) than P3b peak latency for both predicted (mean P3b latency = 373
± 11 msec, t(11) = 5.02, p< .0001 for young and 504 ± 34 msec, t(10) = 4.41, p= .001 for older
adults) and random targets (mean P3b latency = 517 ± 26 msec, t(11) = 7.87, p< .0001 for
young and 613 ± 39 msec, t(10)=6.85, p< .0001 for older adults).

3.4 Late sustained activity
We compared the mean amplitude (400–800 msec post stimulus onset) of the difference wave
between predicted and random targets (late DW), using an ANOVA with group (young vs.
older) as the between-subject factor and electrode (AFz, Fz, FCz, Cz, CPz, and Pz) as the
repeated measures factor. There was a significant overall effect of age in the comparison of
late DW mean amplitude (F(1,21) = 6.06, p= .023, ηp 2 = .22). There was a main effect for
electrode (F(5,105) = 8.68, p= .001, ε = .4, ηp 2 = .29) and a significant electrode x group
interaction (F(5,105) = 7.36, p= .002, ηp 2 = .26). Late DW mean amplitude showed the
maximal negative shift at CPz in younger adults and the maximal positive shift at Cz in older
adults. However, independent t-tests revealed group differences between late DW amplitudes
to be maximal at Cz, with a sustained positive shift in older adults (mean DW amplitude = 4.61
± 1.83 µV) compared to young adults (mean DW amplitude = −2.52 ± 1.49 µV, t(21) =3.04,
p= .0006; Fig. 4). Note that the difference in late DW between the two age groups is due to a
late sustained positivity in the predicted target condition in older adults that is not observed in
the younger adults.

3.5 N1
We utilized an ANOVA with group (young vs. older) as the between-subject factor and
electrode (PO7 and PO8), visual field (left vs. right) and condition (predicted vs. random
targets) as repeated measures factors, to compare the peak N1 amplitude between predicted
and random targets. There was no significant overall effect of age in the comparison of peak
N1 amplitude (F(1,21) = .42, p = .52, ηp 2 = .02) and no significant group interactions with any
of the factors. However, there was a significant interaction between electrode locations and
visual field of stimuli presentation for N1 amplitude (F(1,21) = 26.76, p< .0001, ηp 2 = .56)
across both groups. N1 ERPs were enhanced to contralaterally presented stimuli.

4. Discussion
We observed that predictive local context affects target detection by reducing the duration of
stimulus evaluation in both young and older adults. This effect was associated with both faster
reaction times and shortened P3b latencies. An earlier latency context positivity was observed
only in the predicted compared to the random target condition. CP peak latency was slower in
the older population compared to young adults. Furthermore, older subjects elicited a late
latency sustained positivity in the predictive target condition, that was not observed in younger
adults. Taken together these findings reveal that certain aspects of local contextual processing
are altered with age.

4.1 P3b and contextual processing
P3b amplitude was not affected by age in the current study. However, a scalp topographical
posterior-anterior shift of P3b amplitude was observed in the older adults. This is consistent
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with studies showing little effect of age on P3b amplitude in some conditions (Daffner et al.,
2005; Kray et al., 2005; West and Travers, 2008) but a more consistent finding of P3b
topographical changes in the elderly (Anderer et la., 1996; Daffner et al., 2005; Dujardin et al.,
1993; Fabiani et al., 1998; Fjell and Walhovd, 2001; West and Travers, 2008).

P3b amplitude increased with task-informative stimuli, with a large P3b induced by the last
most-informative standard of the predicting sequence, with P3b amplitude reaching its
maximum in the two target conditions for both the young and older adults. This is in line with
studies showing P3b amplitude increases as a function of task relevance (Fogelson et al.,
2009; Sawaki and Katayama, 2006). However, there were no significant differences in P3b
amplitude between predicted and random targets in both age groups, suggesting that in this
easy discrimination task, what determined the magnitude of the P3b amplitude was the task-
relevance of the stimulus (Fogelson et al., 2009). The last most-informative stimuli of the
predicting sequence induced a significant P3b compared to standards in both young and older
adults. This suggests that it became a secondary target for the subjects and thus another
electrophysiological indicator of successful local contextual processing.

We replicated previous findings of slower P3b latency in older adults compared to younger
adults (Ander et al., 1996; Bashore et al., 1997; Dujardin et al., 1993; Fjell and Walhovd,
2001; Ford et al., 1982; Polich, 1996). P3b latency was shorter for sequence predicted targets
than for targets after non-predictive sequences, in both age groups. These findings suggest that
predictive local context affects target detection by reducing the duration of stimulus evaluation
(Duncan-Johnson, 1981; Duncan-Johnson and Donchin, 1982; Hillyard and Kutas, 1983;
Fogelson et al., 2009; Ford et al., 1982; Kutas et al., 1977; McCarthy and Donchin, 1981) in
both young and older adults. Latency differences in our study were associated with parallel
behavioral results showing shorter reaction times for predicted targets compared to random
targets, in both age groups. However, there were no differences in reaction times across the
age groups, a finding that has been shown by several other studies (Daffner et al., 2005;
Dujardin et al., 1993; Fabiani et al., 1998; Ford et al., 1982). Furthermore, our findings suggest
that this facilitation in stimulus evaluation is cognitive rather than perceptual, since targets
were identical in their physical features and there were no significant N1 amplitude differences
between predicted and random targets (Hillyard and Kutas, 1983), in both age groups nor was
there an effect of age on N1 amplitude (Dujardin et al., 1993).

Overall, effects of local contextual processing on P3b were comparable across age groups.
Both groups showed faster P3b latencies and faster reaction times for predicted compared to
random targets, increases in P3b amplitude with increasing task relevance and a robust P3b
amplitude to the last most-informative stimuli of the predictive sequence.

4.2 Context positivity and contextual processing
An earlier latency context dependent positive shift was observed only in the predicted target
as compared to the random target condition. The CP has a similar distribution to the P3b.
However, it is has a shorter peak latency than P3b, being generated approximately 200 msec
earlier than the P3b. Peak CP amplitude was slower in the older population compared to young
adults, suggesting that contextual effects on target detection processes are slowed with age,
and that this slowing is specific to earlier latency processes of target detection (Bashore et al.,
1997). This finding supports other evidence of contextual processing deficits in older adults,
specifically in self-initiated effortful integration of contextual information (Smith et al.,
1998), such as that utilized in the present study, where subjects had to consciously look for the
predictive sequence. We propose that the CP may reflect an early template match process
(Squires et al., 1973; Chao et al., 1995), and that this early context dependent process is slowed
with age. This is supported by hypothesis implicating that elderly subjects have impairment in
the ability to maintain templates of the target stimuli in working-memory (Dujardin et al.,

Fogelson et al. Page 8

Cortex. Author manuscript; available in PMC 2011 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



1993; Fabiani et al., 1998; Fjell and Walhovd, 2001) and with evidence suggesting that
preparatory processes may be disrupted in the elderly (West and Schwarb, 2006; West and
Travers, 2008).

4.3 Sustained positivity and contextual processing
Age-related differences were also observed in a late time-window (400–800 msec post-
stimulus onset). This effect was due to a late sustained positivity after the detection of predicted
targets, similar to that seen after the detection of random targets, observed only in older adults.
We propose that this continued processing may indicate an abnormality in disengagement after
the detection of predicted targets. Similar findings of a late sustained positivity in the elderly,
reported after ERPs to attended non-targets (Looren de Jong et al., 1988), have been interpreted
as an indication of reprocessing after uncertain decisions, and suggest that older subjects have
difficulties in reaching confident decisions (Ford et al., 1979; Looren de Jong et al., 1988).
This interpretation fits well with our data, suggesting that older adults have deficits in resolving
uncertainty in conditions where local contextual information had to be utilized in order to
predict targets. The lateral prefrontal cortex has been reported to have a critical role in the
resolution of short term uncertainty (Huettel et al., 2005) and this area has been shown to be
susceptible to the effects of aging (Braver and Barch, 2002; de Keyser et al., 1990; Raz et al.,
1997), suggesting that this may contribute to our aging effects. Another possible interpretation
for the age-related changes in post-decision processing, observed as a delay in return to baseline
in the predicted target condition, is that it reflects compensatory mechanisms (Grady et al.,
1995; Grady, 2008). However, considering the comparable behavioral performance of young
and older adults in the present study, the possibility of non-selective brain activation (as
opposed to over-recruitment in mechanisms of compensation) in the older adults cannot be
ruled out (Grady, 2008).

In conclusion, the present study provides evidence of age-related changes in neural correlates
associated with processing of local contextual information. These include age-related slowing
of an early latency context positive shift, reflecting contextual effects on target detection
processing, and generation of a late sustained positivity after the detection of predicted targets,
which is absent in younger adults. This sustained positivity may indicate continued processing
due to deficits in resolution of uncertainty in conditions where contextual information was
utilized. These findings provide neurophysiological evidence that aging is associated with task-
specific slowing of higher order processes, and that local contextual effects on target detection
processes are altered with age.
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Figure 1.
Task timeline. Sequences of standards S1, S2 and S3 with a predicted sequence (top) and in
randomized order (bottom) preceding the target (T). Stimuli presented to the left or right visual
field. Inter-trial intervals, including duration of stimulus presentation (150 msec) are displayed.
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Figure 2.
Reaction times (a) and P3b peak latency at CPz (b) for predicted and random targets in young
and older adults. Bars = standard errors of mean.
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Figure 3.
Grand average at Cz and CPz for the 4 conditions: targets after random non-predictive
(Random) and predictive sequences (Predicted), the last most informative standard comprising
the predicting sequence (n−1) and random preceding standards (Standard) for young (a) and
older (b) adults. Vertical dotted line indicates time of stimulus presentation onset.
Topographical maps for the maximal peak P3b at CPz are shown for random and predicted
targets.
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Figure 4.
Grand average for the difference wave (DW) between predicted and random targets at Cz and
CPz in young and older adults. The peak of the context positivity (CP) is indicated by an arrow.
Topographical maps the CP peak at CPz and for late DW at Cz, for young and older adults are
displayed. Age-related differences (p < 0.05) in peak CP latency at CPz and in late DW mean
amplitude (400–800 msec post stimulus onset) at Cz are indicated by a star.
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