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FORD, J. M., W. T. ROTH, B. G. ISAACKS, J. R. TINKLENBERG, J. YESAVAGE AND A. PFEFFERBAUM. Automatic and
effortful processing in aging and dementia: event-related brain potentials. NEUROBIOL AGING 18(2) 169 –180, 1997.—Automatic
and effortful processes were investigated using event-related brain potentials (ERPs) recorded from moderately impaired subjects with
probable Alzheimer’s Disease (AD), normal elderly, and normal young controls. The effects of effortful attention on ERPs to loud
noises and the effects of stimulus intrusiveness on effortfully elicited ERPs were studied. First, ERPs to task relevant and irrelevant
startling noises were compared. Second, ERPs to startling noises and moderate tones were compared when both were targets. The
effects of age (young vs. elderly controls) and effects of dementing disease (AD subjects vs. elderly controls) were also assessed.
Effortful attention augmented noise-elicited P300 amplitude in elderly subjects, but not in young. Intrusiveness augmented
task-relevant P300 amplitude in young subjects, but not in elderly. Neither variable affected P300 amplitude in AD subjects. Thus,
effects of age and disease depended on how P300 was elicited: when effortfully elicited, P300 amplitude was affected by disease but
not age; when automatically elicited, P300 amplitude was affected by age but not disease. N1 effects differed from P300 effects. © 1997
Elsevier Science Inc.
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for AD subjects, automatic processes are relatively spared compared to effortful ones (17). Rohling et al. (43) used tasks
involving the automatic registration of spatial location and frequency of occurrence, as well as effortful free-recall tests of
memory. They found that both automatic and effortful task
performance was impaired in AD patients, while multiinfarct
dementia patients showed relatively spared automatic encoding.
Strauss et al. (51) suggested that if automatic processes are
impaired, stimuli normally encoded automatically can be encoded
effortfully if sufficient resources can be made available.
ERPs are an on-line reflection of stimulus processing, from the
earliest sensory responses to the later cognitive ones, and can be
recorded in the total absence of overt behavior. N1 components
(27) to relevant or target tones may reflect both attentional and
sensory factors, while N1 to irrelevant, frequent, background tones
may reflect primarily sensory factors. In spite of some dependence
on sensory ability, N1 to both relevant and irrelevant tones tends
to be larger in elderly than in young subjects (9). Only one study
has used N1 to study AD. N1 to relevant tones (occurring on 20%
of trials) was significantly smaller in AD subjects, although N1 to
the frequent background tones was not (38). This pattern suggests
that AD subjects suffer more from attentional than sensory deficits.
N1 responses to startling noises in the elderly and AD subjects
have not been assessed.

EXPERIMENTAL evidence supports the theoretical distinction
between effortful and automatic cognitive processes (40,49).
Compared to effortful processes, automatic processes require
minimal amounts of attentional capacity, and are relatively resistant to the influences of effort and concurrent tasks (48). Effortful
processes are generally more vulnerable to aging (5,47) than are
automatic processes (17). For example, noting the frequency of
past events (17) and forming expectancies based on past events (7)
occur automatically and are unaffected by aging.
An exception to this pattern is the automatically elicited
response to loud, startling noises. Startling events make an
immediate and automatic call on attention, drawing on essential
resources (20,29). Cognitive event-related potential (ERP) data
suggested that elderly subjects are relatively unresponsive to
startling noises; startling noises elicited fewer startle blinks and a
smaller-than-expected P300 component of the ERP (9,10). Although the elderly typically suffer from high-frequency hearing
deficits, reduced responsiveness to loud noises in the elderly was
not due to high-frequency hearing loss. Even after adjusting the
noises to each subject’s hearing threshold and narrowing the
bandwidth of the noises, elderly subjects still had reduced responses to noises (10).
In Alzheimer’s Disease (AD), automatic and effortful processes
are affected to varying degrees depending upon the task. Typically,
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The P300 component of the ERP represents a cognitive
response to a change in the environment and is most commonly
elicited by a rare or oddball event in a series of frequent
background events. It has been interpreted as reflecting memory
updating (3) or context closure (52). Because the eliciting event is
not only rare but is usually also task relevant, P300 is typically
elicited as part of the effortful process of responding to, or
counting, a rare event (19). However, it can also be elicited by loud
noises, automatically without a task (41,44). The scalp distribution
of the P300 elicited by loud noises is not different from the P300
elicited by tones in a target detection task (10). The latency of the
P300 peak is often considered to be a relative index of stimulus
evaluation time, as it gets longer with more complex stimuli and
task requirements (23).
AD reduces the amplitude (13) and increases the latency of
P300 (13,28,30,34,38). Because of difficulties in getting demented
patients to make the effortful responses required in most P300
paradigms, one study used an oddball paradigm without a target
detection requirement and still found P300 latency differences
between demented patients and age-matched controls (28). The
P300 in this paradigm represented an automatically elicited cognitive process. Although startling noises also automatically elicit
P300 (41,42), neither the amplitude nor latency of a noise-elicited
P300 has been used to study automatic processes in AD.
Four hypotheses related to intrusiveness were tested: 1) Agerelated P300 hyporeactivity to loud noises will be further reduced
by dementia. Responses to task-relevant sounds that are intrusive
(noises) and unintrusive (tones) were compared. A significant
interaction between disease and intrusiveness for P300 amplitude
was predicted. 2) N1 to task relevant rare tones and noises will
follow the same pattern as P300 amplitude. Tests of this hypothesis
followed those for P300. 3) N1 will reflect attentional dysfunction
in the elderly and AD subjects, but will be insensitive to any
sensory dysfunction. A significant reduction of N1 to rare events
in older and AD subjects with no reduction in N1 to background
tones was predicted. 4) P300 latency will be shorter to noises than
to tones because the noises are louder and, hence, more arousing;
this speeding will be greater in the elderly and AD subjects,
because these groups tend to be underaroused. A significant main
effect for intrusiveness and an interaction between group and
intrusiveness for P300 latency were predicted. For all these
hypotheses, intrusiveness was considered to be due to both quality
(bandwidth) and intensity.
Two hypotheses related to task relevance were tested: 1) P300
responsiveness to loud noises can be augmented by effort, especially in elderly and AD subjects. Responses to noises when task
relevant (button press) and irrelevant (no button press) were
compared. An exaggerated effort-related increase in responsiveness in the elderly or demented would be seen in a significant
interaction between task relevance and age and/or dementia for
P300 amplitude. 2) P300 latency delay in the elderly and AD
subjects is related to lack of effort. It was predicted that in elderly
and AD subjects, but not in young subjects, P300 latency would be
shortened by the requirement to make a button-press response to
the noise. It should be noted that interpretations of the task
relevance effect must take into account that task relevant noises
occurred in a paradigm that always followed the paradigm in
which task-irrelevant noises occurred. To understand the effects of
time on responsiveness, responses recorded during the first and
second half of each paradigm were compared. Because N1 and
startle blinks tend to decrease over time, task relevance effects are
confounded with time effects.

FORD ET AL.
METHOD

Subjects
Fifteen healthy young subjects (8 men and 7 women; 19 –25
years, mean 5 21.7 years, SD 5 2.02), 11 healthy elderly subjects
(5 men and 6 women; 58 –76 years, mean 5 66.5 years, SD 5
5.87), and 12 patients with probable Alzheimer’s Disease (8 men
and 4 women; 59 –77 years, mean 5 68.7 years, SD 5 4.92)
participated. The age difference between the elderly and AD
subjects was not significant. Average education levels were 14.2
years for the young (13–17 years, SD 5 1.27), 14.8 years for the
elderly (12–18 years, SD 5 2.5), and 13.8 years for the AD
patients (5–19 years, SD 5 3.6). Education differences among the
groups were not significant. Mini-Mental State scores (6) were
29.3 for the young (28 –30, SD 5 0.18), 28.2 for the elderly
(26 –30, SD 5 1.25), and 20.3 for the AD patients (13–25, SD 5
1.04). Groups were tested with standard audiologic exams. Subjects with hearing losses greater than 35 dB at 1,000 Hz in both
ears were excluded. All subjects gave informed consent.
Controls
Healthy controls were recruited and screened by telephone
interview and questionnaire to exclude those with a history of
significant psychiatric or neurological disease, recent use of
psychoactive drugs or other drugs with significant central nervous
system (CNS) effects, or alcohol consumption exceeding 50 g/day
for a month or more. One elderly control included in the analysis
had been taking subtherapeutic doses of the tricyclic antidepressant, nortriptyline, although she believed it was not for depression.
Patients
The AD subjects were drawn from a pool of patients evaluated
at the Geriatric Psychiatry Research Unit and NIMH Dementia
Clinical Research Center of the Palo Alto VA Health Care System.
The patients included in this analysis met the NINCDS-ADRDA
criteria for probable AD. Because many of these patients have
been followed longitudinally, they were classified for the present
study according to their most recent diagnoses. One patient was
excluded from the analysis when his diagnosis changed from AD
to dementia associated with Parkinson’s Disease and Lewy bodies.
Updated diagnoses resulted in all 12 patients being classified as
probable. Patients with diagnosable neurological disorders, other
than AD, or acute medical conditions were excluded. One AD
subject included in the analysis had been taking subtherapeutic
doses of the tricyclic antidepressant, nortriptyline, but like the
elderly control, she believed it was not for depression. The elderly
controls and AD subjects used similar medications including
estrogen replacement therapy, diuretics, antihypertensives, nonsteroidal antiflammatory drugs, and angina medications. Although
none of the medications was considered to have major CNS side
effects, some CNS side effects may have been present.
ERP Testing
ERPs were collected during three paradigms involving noises
and tones, in the fixed order listed below. A visual paradigm was
presented between the last two paradigms but the visual data are
not reported here. Subjects wore earphones and sat upright in a
easy chair in a sound attenuated room. Each paradigm took 10.3
min to present. Breaks of 5 to 10 min were taken between
paradigms as needed.
Irrelevant Noise Paradigm. Subjects were presented with a
series of 320 tones and 80 noises with a fixed interstimulus interval
of 1.5 s. The tones were 500 Hz, 70 dB SPL (A scale), 50 ms
duration and occurred on 80% of the trials. The noises were broad
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F8), central (T3, C3, Cz, C4, T4), and parietal (T5, P3, Pz, P4, T6)
locations, as well as five sagittal rows from three electrodes each
at the far left (F7, T3, T5), midleft (F3, C3, P3), midline (Fz, Cz,
Pz), midright (F4, C4, P4), and far right (F8, T4, T6) locations. To
assess distributional differences across groups, time, and paradigms, independent of group and paradigm differences in amplitude, P300 amplitudes at these electrode sites were normalized,
within each group and both halves of each paradigm, according to
the equation of McCarthy and Wood (24):

band, 105 dB SPL, 50 ms duration and occurred on 20% of the
trials. Tones had a shaped rise and fall time of 5 ms. Noises rose
and fell in 4 –5 ms because of the response characteristics of the
earphones, although input to the amplifiers rose and fell in 100 ms.
Stimuli were presented in a Bernoulli sequence held constant
across subjects. Subjects were given written and verbal instructions simply to relax and listen.
Relevant Tone Paradigm. Stimulus sequence parameters were
identical to the Irrelevant Noise paradigm, except that the noise
was replaced by a 1000 Hz, 70 dB SPL, 50 ms duration tone.
Subjects were asked to press a reaction time (RT) button to the
1000 Hz relevant tones, giving equal importance to speed and
accuracy. (Two subjects— one elderly and one AD— had excessive movement artifacts in this paradigm and could not be used in
analyses involving this paradigm.)
Relevant Noise Paradigm. Stimulus sequence parameters were
identical to the Irrelevant Noise paradigm. In this paradigm,
subjects were asked to press an RT button to the relevant noises,
giving equal importance to speed and accuracy. Thus, this paradigm differs from the Irrelevant Noise Paradigm only in that the
noises are targets, and it differs from the Relevant Tone Paradigm
in that the targets are loud and noises.

where i 5 a given electrode site and i9 5 the normalized value, and
where min 5 within-group minimum value of 15 electrode sites
and max 5 within-group maximum value of 15 electrode sites for
both halves of each paradigm. This resulted in the repeated factors
of left-to-right (L/R) (five levels) and anterior/posterior (A/P)
(three levels).
Startle Blink Identification. Single-trial VEOG was filtered
with a lowpass of 20.7 Hz (down 3 dB) (46). Single-trial VEOG
excursions exceeding 1100 mV were counted as blinks. Startle
blinks were defined as those occurring between 50 and 250 ms
following the noises.

EEG and EOG Recording

Statistical Analysis

Electroencephalograms (EEG) were recorded from the 19
standard 10 –20 sites. A sterno-vertebral reference with a balancing
circuit was used to minimize electrocardiogram (EKG) artifacts
(50). Technical difficulties with Oz and FPz electrodes in many of
the subjects necessitated eliminating those waveforms from the
data analysis, leaving data from 17 scalp electrode sites and two
eye derivations for analysis. Vertical electro-oculograms (EOG)
were recorded from electrodes placed above and below the right
eye, and horizontal EOG from electrodes placed at the outer
canthus of each eye. EEG and EOG were sampled every 5 ms for
1,250 ms, beginning 100 ms before stimulus onset. A microcomputer-controlled Nihon-Kohden EEG-4221 system (Tokyo, Japan)
recorded EEG at a gain of 10 K and EOG at 2.7 K with a bandpass
of 0.13–70 Hz.
ERP Data Screening. Single trials were individually screened
by computer algorithm before being included in the signal averages. First, trials on which button press errors occurred or on
which EEG at any electrode site saturated the A/D converter
(. 6250 mV) were rejected. Next, single trials at each electrode
were individually corrected for the effects of eye blinks and eye
movements using the procedure of Gratton et al. (15) as refined by
Miller et al. (25). This method was chosen by Perlstein et al. (31)
to study reflex blinks and ERPs, and its validity is equal to that of
its alternatives (1). Finally, after a baseline was established, trials
with movement or electrical artifacts (voltages . 6200 mV from
baseline) were rejected. ERP averages were derived from responses to the rare and background stimuli from each paradigm.
Before peak identification, EEG was filtered with a 0.5 Hz (down
3 dB) highpass filter (2) and a 12.4 Hz (down 3 dB) lowpass filter
(46).
ERP Component Identification and Assessment. N1 was measured at Cz as the most negative point between 50 –150 ms, and
P300 was measured at Pz as the most positive point between
275– 600 ms. These electrode sites were chosen because the peak
amplitudes are usually largest there. N1 was measured to both the
rare and background events in each paradigm; P300 was measured
only to the rare event. To assess the scalp distribution of P300,
P300 amplitude was measured across a grid of 15 electrode sites at
the latency of P300 at Pz. This allowed analysis of three coronal
rows from the five electrodes at each of the frontal (F7, F3, Fz, F4,

Two sets of repeated-measures analyses of variance (ANOVAs) were done on the experimental effects. In one, the effect of
task relevance was analyzed (relevant noise vs. irrelevant noise).
In the other, the effect of intrusiveness was analyzed (relevant
noise vs. relevant tone). In both sets, the effect of subject group
(young, elderly, AD) was analyzed. When a significant effect of
group was obtained, post hoc t-tests were performed to establish
the significance of age (young vs. elderly) and disease (elderly
controls vs. Alzheimer’s disease patients). When a significant
interaction with group was obtained, post hoc analyses were
performed looking for the effect of the variable for each group, as
well as looking for the effect of group within both levels of the
variable. If there was a significant effect of group at any level of
a variable, t-tests were made to establish whether the group effect
was due to the effects of age or disease.
To evaluate response decrement during a paradigm, responses
recorded during the first and second halves of each paradigm were
compared for the repeated factor of time and the interaction of
group and time. The main effect of group was investigated as part
of the above analyses.
Peak amplitudes, latencies, and blink counts were the dependent variables in each of the above ANOVAs. In the Intrusiveness
analyses, RTs and errors of omission to relevant noise and relevant
tone, and false alarms to background tones, were compared across
groups and conditions. The statistical results are presented in the
tables, and are not duplicated in the Results section.
The normalized P300 amplitudes were analyzed in an ANOVA
for the repeated factors of intrusiveness, task relevance, time, and
left-to-right (L/R) (far left, left, middle, right, far right) and
anterior/posterior (A/P) (frontal, central, parietal) scalp distributions.
Greenhouse-Geisser corrections for repeated measures were
used whenever appropriate.

P300(i9) 5 [P300(i) 2 P300(min)]/[P300(max) 2 P300(min)]

RESULTS

Intrusiveness: Relevant Noises vs. Relevant Tones
The grand averages for the three groups for this comparison
appear in Fig. 1A and B. N1 amplitude was affected by a significant interaction of group and intrusiveness (Table 1). As can be
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seen in Fig. 2, N1 was significantly larger to the relevant noise
than to the relevant tone, but the effect was only significant in
young and elderly controls, with a trend for AD patients. To the
noise, young had larger N1 responses than did elderly; this was not
true for the tone. To the tone, elderly controls had larger N1s than
did AD patients; this was not true for the noise. The latency of N1
was not affected by any of the variables (Table 1).
Like N1 amplitude, P300 amplitude was affected by an
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interaction of group and intrusiveness (Table 1). As can be seen in
Fig. 2, in young subjects, the noise elicited a larger P300 than did
the tone. Intrusiveness had little effect on the P300 amplitude of
older controls and AD patients. To the tone, there were significant
effects of age and disease, with younger controls having larger
P300s than older controls who had larger P300s than AD patients.
The same pattern was seen to the noise. P300 latency was shorter
to the noise than to the tone, as can be seen in Fig. 3. It was also
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FIG. 1. Grand average ERPs for the three groups the are overlaid for the Relevant Tone paradigm (A), the Relevant Noise paradigm (B), and the Irrelevant
Noise paradigm (C). VEOG activity has been mathematically removed from the ERPs but is shown here for illustrative purposes. Scalp positivity is plotted
up.

shorter in older controls than in AD subjects, but was not shorter
in younger than in older controls (Table 1).
The scalp distributions of P300 to the relevant tone and relevant
noise were not different, as can be seen in Fig. 4 and Table 2. Also,
distributions did not change with time, nor did time interact

significantly with the other variables. The anterior/posterior (A/P)
scalp distribution of P300 did not depend on group, as can be seen
in Table 2 by the lack of significant effects involving group.
Because of a precedence in the literature for a flatter midline A/P
distribution in older compared to younger subjects (9,11), data

TABLE 1
INTRUSIVENESS: RELEVANT NOISES VS. RELEVANT TONES
Group
df 5 2, 33
Variable

Intrusiveness
df 5 1, 33

GX I
df 5 2, 33

F

p

F

p

F

p

7.10

0.003

27.7

0.0001

6.77

0.004

0.46
20.6

NS
0.0001

2.14
4.62

NS
0.04

0.68
5.14

NS
0.02

P300 Latency at Pz

9.09

0.0007

6.71

0.02

0.02

NS

RTs

8.03

0.001

0.001

1.15

NS

Misses
False alarms

4.25
4.05

0.03
0.03

NS
0.03

0.18
0.82

NS
NS

N1 Amplitude at Cz

N1 Latency at Cz
P300 Amplitude at Pz

12.8
0.20
5.64

Post Hoc Tests
All Inequalities, p , 0.05

Y: Noise . Tone*
O: Noise . Tone
Noise: Y . O 5 AD†
Tone: Y 5 O . AD
Y: Noise . Tone
Noise: Y . O . AD
Tone: Y . O . AD
Group: Y 5 O , AD
Intrusiveness: Tone . Noise
Group: Y 5 O , AD
Intrusiveness: Noise , Tone
Group: Y 5 O , AD
Group: Y , AD
Intrusiveness: Noise , Tone

* In this and subsequent tables, Y 5 Young, O 5 Old, AD 5 Alzheimer’s Disease.
† In this and subsequent tables, equalities are not used in their mathematical sense but merely to indicate the lack of significant
difference.
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FIG. 2. The effect of Intrusiveness (left) and Task Relevance (right) on N1 (top) and P300 (bottom) amplitudes for the three groups. In all figures, bars
reflect standard error of the mean.

from Fz, Cz, and Pz for younger and elderly subjects were compared
and a significant group 3 A/P interaction (p 5 0.05) was found.
Reaction times to the targets were faster when the target was a
noise than when it was a tone (Table 1 and Fig. 3). Although
misses were not affected by intrusiveness, false alarms were, with
more false alarms being made to background tones when tones
were targets than when noises were. Also, young and elderly
subjects responded faster than AD subjects. AD subjects missed
more targets than did young or elderly controls and committed
more false alarms than did the young (Table 1 and Fig. 3).
Mean amplitudes of N1 to background tones are graphed in Fig.
3 where it can be seen that the presence of a loud noise in the
paradigm did not affect N1 amplitude of the background tones.
Although N1 to the background tones in these two paradigms
tended to be larger in the elderly, the effect of age for this
comparison was not significant. N1 latency to background tones
was not affected by any of the variables.

Task Relevance: Relevant vs. Irrelevant Noises
The grand averages for the three groups for this comparison
appear in Fig. 1B and C. In these comparisons, the critical variable
is whether or not the noise is a target. Because of interactions of
group and relevance (Table 3), the effects of each must be
discussed with regard to the other. As can be seen in the top of Fig.
2, N1 was smaller when the noise was relevant (in the paradigm
presented third) than when it was irrelevant (in the paradigm
presented first), but this only occurred in young control subjects.
(This effect may be due to response decrement over time, as
described below.) N1 was smaller in older than in younger controls
for both the relevant and irrelevant noises. Disease tended to
further reduce N1 to the relevant noise (p 5 0.06). As can be seen
in Table 3, the latency of N1 was not affected by any of the
variables.
P300 amplitude was also affected by an interaction of group
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FIG. 3. P300 latencies to rare events, N1 amplitudes to the background tones, Startle Blinks to noises, RTs to rare events, False Alarms to
background tones, and Missed rare events are plotted for each paradigm in which they were collected.
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P300 was smaller in elderly than in young controls. To the relevant
noise, P300 was still smaller in AD patients than in older controls.
P300 latency was longer in AD patients than in older controls, but
not significantly longer in older than younger controls. Task relevance
of the noise had no effect on the latency of P300 (Table 3).
The anterior/posterior (A/P) and left-to-right (L/R) distribution
of P300 depended on whether the noise was relevant, as can be
seen in Fig. 4 and Table 2. To the relevant noise, P300 had a more
extreme A/P distribution, being relatively smaller at frontal and
central sites than at parietal sites; to the irrelevant noise, P300 was
more centrally distributed. Also, P300 distributions were not
affected by time, and time did not interact significantly with the
other variables.
As is apparent in Fig. 3 and Table 3, there were more startle
blinks to irrelevant than to relevant noises, but only in young
subjects. Again, this effect may be due to response decrement over
time, as described below. To the irrelevant noise, young subjects
startle blinked more often than did the older controls. To the
relevant noise, there was no difference among the groups.
Whether N1 to the background tones was affected by the
relevance of the noise and whether it was affected by group were
both investigated by comparing N1s across paradigms and groups
(Fig. 3). N1 to the background tones was larger (p , 0.05) and
earlier in the elderly (p , 0.05). It was not affected by whether
subjects were performing a task.
Response Decrement over Time Within a Paradigm
Table 4 presents the results of the analyses comparing the
responses in the first and second halves of each paradigm. N1
amplitude to the noises was significantly smaller during the second
half of both paradigms with noises. There was no effect of time on
N1 to relevant tones. There was no differential decrement in N1 for
the different groups during any of the paradigms. P300 amplitude
and latency were not affected by time in any paradigm, nor was
there a differential effect of time for the different groups in any
paradigm. Blink counts diminished by the second half of the
paradigm, but only significantly during the first paradigm when the
noise was irrelevant. The decrement was significant for the young
and AD subjects, but not for the elderly.

TABLE 2
SCALP DISTRIBUTION OF NORMALIZED P300 AMPLITUDES
Variable

F-Ratio

df

p

Relevant Noises vs. Relevant Tones
Analysis of Variance factors: Intrusiveness, Group, Time, L/R, A/P
L/R (left/right)
100.0
4, 132
0.0001
A/P (anterior/posterior)
42.7
2, 66
0.0001
L/R 3 A/P
11.9
8, 264
0.0001

FIG. 4. Normalized P300 amplitudes are compared for the three paradigms at the frontal, central, and parietal electrode sites for the three groups
averaged together.

and relevance (Table 3). As can be seen in the bottom of Fig. 2, in
older controls, P300 was significantly larger to the relevant than to
the irrelevant noise; this was not true for AD patients or young
controls. Also, regardless of whether the noise was relevant or not,

Relevant Noises vs.
Analysis of Variance factors: Task
L/R (left/right)
A/P (anterior/posterior)
Task relevance 3 L/R
Task relevance 3 A/P
L/R 3 A/P
Task relevance 3 L/R 3 A/P

Irrelevant Noises
relevance, Group, Time, L/R, A/P
83.4
4, 410
0.0001
47.1
2, 70
0.0001
3.60
4, 410
0.04
2.74
2, 70
0.10
10.1
8, 280
0.0001
5.15
8, 280
0.0008

Only effects significant at p # 0.10, after Greenhouse-Geisser correction, are listed.
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TABLE 3

TASK RELEVANCE: RELEVANT NOISES VS. IRRELEVANT NOISES
Group
df 5 2, 33
Variable

Group 3 Relevance
df 5 2, 33

Relevance
df 5 1, 33

F

p

F

p

F

p

N1 Amplitude at Cz

11.9

0.0001

6.32

0.02

4.97

0.02

N1 latency at Cz
P300 amplitude at Pz

0.07
20.1

NS
0.0001

1.68
11.1

NS
0.002

0.96
3.88

NS
0.03

P300 latency at Pz
Startle blink counts

11.2
2.64

0.0002
NS

1.21
1.25

NS
NS

0.61
3.68

NS
0.04

DISCUSSION

First, data are discussed in terms of experimental effects and
then summarized in terms of group effects.
Stimulus Intrusiveness
The effects of intrusiveness were investigated by comparing
responses to target events when they were startling noises and
moderate tones. Because a button press was required, effortful
attention was being allocated in both situations, but in one case the
stimulus was intrusive and in the other it was not. Noises elicited

Post Hoc Tests
All Inequalities, p , 0.05

Y: NT . T
Relevant: Y . O 5 AD
Irrelevant: Y . O 5 AD
O: T . NT
Relevant: Y . O . AD
Irrelevant: Y . O 5 AD
Y 5 O , AD
Y: NT . T
Irrelevant: Y . O 5 AD

significantly larger P300s than tones but only in young subjects,
the difference being almost 4 mV. However, noises elicited
significantly larger N1s in both young and elderly subjects, the
difference being more than 10 mV in young, and more than 4 mV
in elderly. Although N1 was sensitive to the difference between
tones and noises in the elderly, P300 amplitude was not.
In all groups, noises elicited shorter latency P300s and faster
RTs than tones. Roth et al. (44), like many others, found that RTs
are faster to louder noises, perhaps due to a general increase in
arousal or activation. It is interesting that any noise-induced effects

TABLE 4
RESPONSE DECREMENT OVER TIME: FIRST HALF VS. SECOND HALF
Irrelevant Noise Paradigm
Time
Group 3 Time
df 5 1, 35
df 5 2, 35
Variable

F

p

F

p

N1 Amplitude at Cz
P300 Amplitude at Pz
P300 Latency at Pz
Blink counts

18.1
1.64
0.44
12.7

0.0002
NS
NS
0.001

1.85
0.12
0.52
6.50

NS
NS
NS
0.004

Relevant Tone Paradigm
Time
Group 3 Time
df 5 1, 33
df 5 2, 33
Variable

F

p

F

p

N1 Amplitude at Cz
P300 Amplitude at Pz
P300 Latency at Pz

0.40
0.29
2.17

NS
NS
NS

0.47
0.35
0.29

NS
NS
NS

Relevant Noise Paradigm
Time
Group 3 Time
df 5 1, 35
df 5 2, 35
Variable

F

N1 Amplitude at Cz
P300 Amplitude at Pz
P300 Latency at Pz
Blink counts

2.81
0.01
1.18
3.76

p

NS
NS
NS
0.06

F

p

1.81
1.51
0.80
1.67

NS
NS
NS
NS

Post Hoc Tests
All Inequalities,
p , 0.05

1st . 2nd
Y: 1st . 2nd
AD: 1st . 2nd
1st: Y . O 5 AD
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of arousal or activation were the same in young, elderly, and AD
subjects. This represents another divergence from the P300 amplitude data, which suggested a relative insensitivity to intrusiveness
in elderly and AD subjects.
Task difficulty differences may also have been responsible for
intrusiveness effects on P300 latency and RT. Behavioral data
suggest that accurate responding to the tone was more difficult
than to the noise. Although the numbers of missed targets were not
greater, there were more false alarms when a tone was the target.
This discrimination difficulty may have been reflected in longer
latency P300s and slower RTs to the relevant tones.
This relative insensitivity of P300 amplitude in the elderly to
noises confirms previous results (9,10). In the latter report, an
attempt was made to rule out age-related sensory explanations for
the insensitivity of P300 to noises. To this end, the bandwidth was
narrowed to 0 –1,000 Hz and noise intensities set relative to each
subject’s threshold. Still, no enhancement of noise-elicited P300
was seen in the elderly.
Task Relevance
The effects of task relevance were investigated by comparing
responses to noises in paradigms where they were task relevant
and irrelevant. In both paradigms, attention was automatically
elicited by the loud noises as evidenced by the presence of the
P300 component (41,42). By making the noise task relevant,
effortful attentional processes were added to the existing automatic
ones. As expected, task relevance added significantly (5.1 mV) to
the automatic P300 in elderly subjects, but counter to expectation,
it did not add significantly in AD subjects.
Earlier, an exaggerated age-related reduction of P300 to startling noises compared to tones was reported (9,10) but in those
studies noises were never task relevant. Kok and Zeef (22)
suggested that elderly show less activation than young, resulting in
less cortical negativity, which was even further reduced with lower
demand tasks. P300 has been postulated to reflect an interruption
in cortical negativity with less prestimulus negativity leading to
smaller P300s (4,45), perhaps explaining why P300s are smaller in
the elderly. According to Kok and Zeef, increasing task demands
by adding a button-press requirement should increase cortical
activation, thereby increasing P300 amplitude. Indeed, as reported
here, age-related reduction in P300 amplitude to noises was
smaller when the noise was a target. The addition of the task did
not affect P300 amplitude in young subjects, explicable by their
already being at maximal levels of activation. Note, tonic differences in cortical activation as an explanatory concept for these
aging effects is an alternative to more specific attentional explanations.
Hirst and Volpe (18) found that automatic spatial encoding of
information in amnesics improved with instruction but performance of normal controls was not affected. This pattern is similar
to that reported here for P300 amplitude to noises. Based on data
from cognitively impaired patient groups, Strauss et al. (51)
suggested that if automatic processes are impaired, events normally encoded automatically may be encoded with effort, if
sufficient capacity is available. The data suggest that in the elderly,
sufficient capacity was available. Like the elderly, AD patients
demonstrated an automatic processing deficit, but unlike the
elderly, AD patients did not have or did not rally the resources to
process the noises effortfully. It is important, however, to note that
the relevant noise paradigm was presented last, and if AD subjects
tire more quickly than healthy elderly, fatigue may be the basis of
this apparent insufficiency.
To the extent that P300 latency is a metric of stimulus
evaluation time, independent of response processing (23), it is safe
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to say that the noises were evaluated with equivalent speed
regardless of whether they were task relevant. This lack of effect
was seen for all three groups, suggesting that when elicited by
noises, P300 latency is unaffected by response requirements
similarly in all groups.
Task relevance has been shown to increase the amplitude of
both N1 (16,26) and P300 (19). For both components, task
relevance directs attention to the stimuli, and attention increases
the amplitudes. Surprisingly, for young subjects, N1 was smaller to
relevant than irrelevant noises. This could be a time effect since N1
decreased with time, as shown before (12), and irrelevant noises
were presented before relevant noises. The effects of time between
paradigms cannot be extrapolated perfectly from the effects of
time within a paradigm, but if the effects of time are apparent
within a paradigm, it is likely that they will be significant over
longer time periods as well. The effects of task relevance on P300
are probably not due to time effects because P300 amplitude did
not significantly decrement over time within a paradigm, consistent with previous data (44).
Blink count was also smaller to the task-relevant noise, perhaps
due to the effects of time. Although the numbers of blinks in older
controls and AD patients were very small, the numbers still fell in
the AD patients from the first to the second half of the paradigm,
suggesting the absence of a floor effect on this measure. Thus, AD
subjects habituate more like young than elderly subjects. Because
this is a single, unexpected result, conclusions should not be drawn
until it is replicated.
N1 to background tones was remarkably insensitive to the rare
stimulus. Task relevance and intrusiveness of the rare stimulus
affected the N1 to the background tones by less than 60.2 mV.
Scalp Distribution of P300
The scalp distribution of P300 depended on task relevance:
P300 to the relevant noise had a more parietal distribution while
P300 to irrelevant noise had a more central distribution. This is
reminiscent of the distributional difference seen between go and
nogo stimuli (33), with a go stimulus having a more parietal
distribution. Interestingly, the irrelevant noises did not elicit a
frontally distributed P3a-like response (21) seen to novel auditory
stimuli. The scalp distribution of P300 was not affected by
intrusiveness, being the same for relevant tones and relevant
noises. Also, the scalp distribution of P300 did not change with
time.
There was a relative lack of a group effect on the anterior/
posterior scalp distribution of P300 when lateral electrodes were
included in the analysis. When only central midline electrodes
were considered, a flatter distribution was seen in the elderly,
replicating a large literature (8,11,35,38).
Scalp distribution is a criterion often used to establish separateness or uniqueness of components. If this criterion alone were
used, and if P300 were distributed differently in young and elderly
subjects, then across-group comparisons could not be made. It
might be argued, however, that age-related changes in cortical
tissue volume (36) could change the distribution of P300 but not
the basic nature of the response.
Age and Dementia
As discussed above, the effects of age and disease on P300
amplitude depended on how P300 was elicited. The effortfully
elicited P300 was reduced in the elderly as expected (38), and was
further reduced with dementia. The automatically elicited P300
was reduced in the elderly as expected (9,10), but contrary to
expectation, was not further reduced with dementia. AD patients
are not more deficient in automatic processing than elderly
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controls; their responses to the task irrelevant noises were not
different from those of the elderly controls. On the other hand,
responses of AD subjects to relevant tones and noises were
significantly reduced compared to those of the elderly. P300
amplitude data further suggest that the elderly used effortful
resources to process stimuli that are normally processed automatically, while AD patients did not.
The effects of age and dementia on N1 depended on whether
N1 was elicited by a rare or background event. As reported earlier
(39), age- and dementia-related N1 amplitude deficits appeared
only to rare events. Reported here, regardless of task relevance, N1
to noises was reduced with age, but not further with dementia. To
relevant tones, N1 was not reduced with age, but was by dementia.
To background tones, N1 was largest in the elderly, but equivalent
in young and AD subjects. This pattern implies an age-related
attention deficit even when attention is elicited automatically, and
a dementia-related deficit when attention is effortful. The lack of
N1 deficit to background tones suggests sensory processing of
these stimuli is intact in both elderly and AD subjects.
As expected, P300 latency was delayed with disease (13,14,
34,37,38), but contrary to expectation, it was not significantly
delayed with age. The average age-related delay in P300 latency
was only about 25 ms, falling short of the expected 11 ms/year
(32). Although P300 latency is a relative index of stimulus
evaluation time within an individual, it is not clear what conclusions can be drawn about P300 latency differences across individuals. Nevertheless, one interpretation of the lack of age-related
slowing in P300 is that this sample of elderly was faster than
expected at stimulus evaluation.
Contrary to expectation, the significant dementia-related delay

in P300 was not reduced by intrusiveness or task relevance. Thus,
P300 slowing was not overcome by the arousing quality of the
noises or by effort, suggesting that P300 slowing in AD is not due
to underarousal or lack of motivation.
Age, but not disease, reduced the numbers of startle blinks to
irrelevant noises, confirming other aging findings (9,10) and
extending them to AD. Neither age nor disease affected the
numbers of startle blinks to the relevant noise.
SUMMARY

In elderly and AD subjects, N1 and P300 amplitudes are
differentially sensitive to loud noises. Older people have the
sensory ability to appreciate the intensity of loud noises, as
reflected in N1 amplitude, but they do not automatically allocate
extra resources to them, as reflected in P300 amplitude. In spite of
the lack of resources allocated to processing noises, elderly and
AD subjects process them more quickly than tones, as reflected in
P300 latency and RT data. When asked to make an effortful
response to the noises, elderly allocate additional resources, as
reflected in P300 amplitude, although young and AD subjects do
not. Perhaps young subjects had already allocated a surplus even
when not asked to make an effortful response, and AD subjects
may have had no more resources available to allocate.
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