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Abstract Young and elderly adults were exposed to meaningful conglomerate noise (c-noise) and white
noise {w-noise) while they responded to intact and degraded visual stimuli. Complementary to performance
measures P3 and the Slow Wave component of the eventrelated potential were recorded to the visual
stimuli. The neural noise hypothesis served as a theoretical framework for the present study. According to
this hypothesis older subjects should be affected more strongly by external conditions that increase the level
of neural noise than younger subjects.

C-noise and w-noise had contrasting effects on the speed of responding: under c-noise subjects reacted
slower, and under w-noise subjects reacted faster than in the quiet condition. The absence of any effect of
the two types of noise on the latency of P3 further suggested that the loci of the effect of noise on response
speed are response-related processes rather than stimulus-related processes.

At the performance level no evidence was found that elderly subjects were affected more strongly by
auditory noise or degradation of stimuli than younger subjects. However, the presentation of c-noise caused
a relatively large increase in slow wave negativity in old subjects, relative to the quiet and w-noise
conditions. This could indicate that older subjects invested more effort in the task to maintain normal

performance levels.

Introduction

Studies on the effects of environmental noise
on human performance have not produced
very consistent results (Hockey, 1970; Koelega
& Brinkman, 1986; Smith, 1989). One reason
for this inconsistency could be that effects of
noise on cognitive functioning are more specif-
ic than originally believed. For instance, differ-
ent processes such as arousal and distraction
may be responsible for the effects of noise on
human performance (Broadbent, 1963, 1979;
Loeb, 1986). These processes may also depend
on the type of noise that is used. For instance,
it has been suggested that intermittent noise
composed of unexpected, meaningful and nov-
el sounds is more distracting than monotonous
noise (Broadbent, 1979). This type of noise has
also been referred to as meaningful noise or
“conglomerate noise” (c-noise). Alternatively,
the interfering effect of monotonous noise on

performance has usually been ascribed to its
arousing properties. The latter assumption re-
ceives support from studies showing that white
noise (w-noise) increases speed of responding
at the cost of accuracy (Hockey, 1970; Hockey
& Hamilton, 1983; Kahneman, 1973).
Although many studies have examined the
effects of noise on performance in young sub-
jects, research with elderly persons is rare. The
present experiment is inspired by the hypoth-
esis that age-related changes in performance
can be attributed, at least in part, to an increase
in neural noise in elderly subjects. The neural
noise hypothesis holds that various age-related
neurobiological changes result in a decreased
signal-to-noise ratio throughout the central
nervous system (Myerson, Hale, Wagstaff,
Poon, & Smith, 1990; Welford, 1984). As a con-
sequence, responses become slower while
more signals are missed and false alarms are
given. The latter hypothesis receives support
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from the finding that adult aging is accompa-
nied by elementary neuro-anatomical and neu-
rophysiological changes in the central nervous
system. First, the strength of incoming signals
may become weaker in old subjects, due to im-
pairment of the perceptual system (Fozard,
1990; Welford, 1984). Second, with a declining
number of neurons and loss of neuro-transmit-
ters over the life span (see also Scheibel &
Scheibel, 1975; Selkoe, 1992), the transmission
rate of signals is expected to weaken, which in
turn may increase the level of noise in neural
systems. An additional assumption of the neu-
ral noise hypothesis is that the level of neural
noise depends not only on biological condi-
tions within the central nervous system, but
also on the quality of stimuli in information
processing tasks. For instance, in a choice re-
action task the strength, or neural representa-
tion, of the signal can be weakened by adding
random background noise to the stimulus pat-
terns in the display (Cremer & Zeef, 1987).
Other factors that may increase the level of
neural noise are environmental conditions
such as distractive sounds or auditory noise
(Welford, 1981, 1984).

It should be noted that to date the neural
noise hypothesis has not received strong em-
pirical support (see also Salthouse, 1985;
Salthouse & Lichty, 1985). This could be duc
to the fact that in previous studies the condi-
tions that were used to manipulate the level of

neural noise were not effective enough. An- .

other factor could be that these studies relied
entirely on performance measures, while elec-
trocortical measures may be more suitable
since they are more directly related to the ac-
tivity of the central nervous system.

In the present study, the assumptions under-
lying the neural noise hypothesis of aging will
be tested by exposing old and young subjects
to two types of noise, c-noise and w-noise,
while reacting to intact and degraded visual
stimuli. The reason for selecting c-noise is that
we expected that this type of noise would be
more effective in inducing age-related decre-
ments in performance than an artificial stressor
like w-noise that has been investigated in pre-
vious studies. It is hypothesized that a higher
level of internal noise in older subjects makes
them more vulnerable to external (auditory
and visual) noise than young subjects. To be
more specific, it is anticipated that the detri-
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mental effects of auditory noise, in particular
c-noise, and the effects of stimulus degradation
on performance will be larger in old than in
young subjects. These hypotheses will be test-
ed by using both performance measures and
components of the event-related potential
(ERP) as convergent measures of the effect of
noise on information processing.

The P3 and Slow Wave (SW) components of
the ERP are particularly relevant for testing
the assumptions of the present study. There is
considerable evidence that the amplitude of
the P3 component of the ERP is proportional
to the amount of information that is delivered
by the stimulus (Donchin & Coles, 1988; Dun-
can-Johnson, & Donchin, 1977; Gratton, Bo-
sco, Kramer, Coles, Wickens, & Donchin,
1990; Johnson, 1988; Kok, 1990; Ruchkin &
Sutton, 1978). This view also receives support
from studies showing that perceptual degra-
dation of visual stimuli decreases the ampli-
tude of P3 (Kok, 1986; Kok, van de Vijver, &
Rooyakkers, 1985; Ruchkin, Sutton, Kietz-
man, & Silver 1980). The second ERP compo-
nent that is relevant for the present study is the
SW. This ERP component has a positive polar-
ity at posterior scalp sites, and a negative po-
larity at the more frontal electrode sites. There
is also evidence that positive and negative SW
components are functionally different. Posi-
tive SW usually shows an increase in amplitude
in combination with a smaller P3, with greater
perceptual demands of the task (Kok &
Looren de Jong, 1980; Ruchkin et al., 1980). In
addition, negative slow waves with a frontal-
central distribution appear to reflect primarily
central processing demands in complex cogni-
tive tasks requiring transformation in working
memory (Kok, 1990; Rosler, Heil, & Glowalla,
1993; Ruchkin, Johnson, Mahaffey, & Sutton,
1988). Thus, in addition to P3, positive and
negative SW components may provide useful
additional information concerning the effect of
noise on covert information processing activi-
ties in the brain.

P3 and SW components may also shed light
on the different ways these processes could be
affected by noise in old and young subjects.
Previous aging studies have demonstrated con-
sistent age-related changes in P3 latency and in
the scalp topography of P3 and SW compo-
nents (see Bashore, 1990; Kok & Zeef, 1991,
for extensive reviews). P3 latency is shown to
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increase systematically with age. In addition,
studies have reported smaller task effects on
P3 amplitude with advancing age. For instance,
in the classical oddball task, the amplitude en-
hancement of P3 to infrequent visual stimuli
relative to frequent stimuli is less pronounced
in old than in young subjects (Czigler, Csibra
& Ambro, 1996; Looren de Jong, Kok, & van
Rooy, 1989). This finding may be taken as a
manifestation that old subjects are less reactive
to the information quality of task relevant
stimuli than young subjects. Old subjects also
show a greater diffuseness of the midline scalp
topography of P3. An implication of this topo-
graphical difference is that old subjects have
slightly smaller P3s at posterior sites, but larger
P3s at frontal electrodes than young subjects.

A drastic reduction of the negative slow
waves has been reported for old subjects,
which is most prominent at the frontal scalp
sites. It has further been suggested that the re-
duction of the frontal slow wave in the elderly
could reflect an age-related change in inhibito-
ry functions of the frontal lobe. The inhibition
hypothesis has been substantiated by behav-
ioral studies showing that old subjects are less
able than young subjects to inhibit the process-
ing of distracting or task-irrelevant stimuli (see
Friedman & Simpson, 1994; Kok & Zeef, 1991;
Kok, Zeef, Kenemans, & Sonke, 1995, for a
further elaboration of this hypothesis).

With respect to P3 and SW amplitude the
following specific predictions are made: (a)
Both degradation of stimuli and external noise
will reduce the amount of effective stimulus-
related information that is transmitted, and
will therefore increase the level of neural noise
in subjects. (b) These effects will become man-
ifest in a more drastic reduction of P3 ampli-
tude and a concomitant increase in the ampli-
tudes of positive and negative SW in old than
young subjects. It is further anticipated that
these ERP effects will be more pronounced for
c-noise than for w-noise.

Method

Subjects

Two age groups that each consisted of 12 right-
handed subjects, a young group of students
(20-30 years,mean = 22.5,sd =2.5) and a group
of older adults (65-75 years, mean = 68.8,sd =
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2.2) were selected. In each group the number
of males and females was equal. The students
participated in this experiment as part of their
study commitment and were not paid. The old-
er adults were drawn from a larger subject pool
(recruited in an earlier phase by advertising)
and paid for participation. All subjects had at
least a high school education and none of them
reported a history of neurological disorders or
any current use of medication. All subjects
were free from physical complaints and men-
tally in a good condition. A common Dutch in-
telligence test (GIT) and the digit symbol test
(DS) of the WAIS were also administered.
Mean scores were: young subjects IQ =122, DS
= 65 and old subjects 1Q = 124, DS = 49. The
lower DS score in elderly subjects confirms the
findings from other studies that elderly sub-
jects have lower scores on tests of fluid intelli-
gence than young subjects (Rabbit 1992;
Salthouse, 1985). However, since elderly and
young subjects did not differ significantly in
their IQ scores it may be assumed that the two
age groups did not differ in general intellectual
ability.

Subjects were also tested for normal or cor-
rected-to-normal vision (minimal .5 as estab-
lished by a Landolt chart). A hearing test was
administered for each participant. None of the
subjects showed considerable hearing loss, a
maximum criterion for hearing losses in the
lower frequency range (250, 500, 1000 Hz) was
set to 20dB(A) and for the higher frequency
range (2000, 4000, 8000Hz) to 35dB(A). As
the normal aging process causes hearing in
high frequencies to become less sensitive, a
higher threshold in this range was chosen for
the old subjects.

Apparatus

The experimental configuration that was used
for stimulus presentation and data-acquisition
consisted of an Apple Macintosh and an IBM
PC-AT computer (see Cremer, van der Schaatf,
& Verheyden, 1991). Subjects sat in a dimly lit,
sound attenuated room facing the microcom-
puter (screen diagonal 22 cm or 17.5 degrees of
arc) at a distance of 70cm in front of the sub-
jects head. The average luminance of the CRT-
display was 0.08 cd/m?. Stimuli were black and
appeared on a white background. Each block
of trials was preceded by two instruction
frames each lasting for 10 seconds. The first
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frame instructed the subject to sit at case and
to be attentive. The second frame contained
specific information about the relation be-
tween stimulus and response. A fixation mark
was always on the screen when no stimulus was
presented.

Noise

C-noise was played back by a Tascam-32 tape
recorder and w-noise was produced by a Hew-
lett Packard noise generator (H01-3722A).
Noise was presented to the subject over a
Sennheiser headphone (HD414 SL) binaurally
in mono by a padded headphone. Sound inten-
sities were calibrated using a Bruel & Kjaer
sound level meter. C-noise consisted of a mix-
ture of realistic sounds from an airport termi-
nal, a metal factory, road traffic, and sounds
from a swimming pool. The tape recording of
C-noise lasted 5min and was composed of a
repetition of fragments that each lasted for 20s.
The 20-s fragment consisted of a continuous
presentation of the mixture of varying sound
items mentioned above. These sounds ranged
from 31Hz to 3100Hz, and from 40 to
80dB(A). Higher frequency sounds showed
higher intensities (e. g., 2000 Hz sounds had an
intensity of 80 dB(A)). White noise consisted
of a 5 Hz cycle with an intensity of 85 dB(A).

Stimuli
Intact stimuli were digits (2, 3, 4 and 5) that

were composed of dots in a 5 x 7 matrix (19 x°

14 mm or 1.55 deg x 1.15 deg) and surrounded
by a rectangular frame of 9 x 11 dots (25 x
30mm or 2.05 deg x 2.45 deg). Degradation
was achieved by randomly distributing 12 dots
from the surrounding frame near the digit,
leaving the stimulus intensity unchanged.

Procedure

A stimulus block contained 128 stimuli, con-
sisting of an equal number of randomly pre-
sented intact and degraded digits. One block
lasted about 5 minutes. The inter-stimulus in-
terval ranged randomly between 3660ms to
3910 ms. The visual stimulus was presented for
200ms. A fixation mark was always on the
screen when no stimulus was presented.

The entire experiment lasted approximately
2.5 hours and began with a brief description of
the experiment. The headphone was on the
subject’s head during all experimental ses-
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sions. In the noise conditions the noise was

played over the headphone one minute before

instruction frames were presented on the
screen. Subjects were requested to take a re-
laxed posture, to minimize head and eye move-
ments and blinks. They were also instructed to
restrict body and head movement and to re-
strict eye movements to a minimum during the
experimental sessions.

Subjects were instructed to react quickly but
accurately to the digits by pushing one of four
buttons (two buttons were placed under the
left hand and the other two buttons were
placed under the right hand). Digits 2 and 3
corresponded with the middle and index finger
of the left hand and digits 4 and S corresponded
with the index and middle fingers of the right
hand, respectively. Two practice sessions of 64
trials each were presented, once under expo-
sure to c-noise and once under w-noise. Prac-
ticing continued until all subjects performed
below a 20% error limit.

There were three conditions: c-noise, w-
noise and quiet, which were presented in a bal-
anced order across subjects. Between each
noise condition a break of approximately 15
minutes allowed relaxation.

Electro-cortical measures

Standard tin Electro-cap electrodes were used
from monopolar EEG derivations. EEG was
recorded according to the international 10-20
system (Jasper, 1958) from Fz, Cz, Pz, and Oz
and referred to linked ears (Al and A2). Elec-
trodes for measurement of the electro-oculo-
gram (EOG) were placed at the outer canthi
of each eye (horizontal eye movement detec-
tion), infra-orbital and supra-orbital (vertical
eye movement detection). A ground electrode
was placed at the forehead just above the nose.
Signals were recorded on paper and digitized
on-line by the A/D system. EEG, EOG and
button presses were monitored on-line for ar-
tifacts and saturation of the AD converter. The
EEG and EOG were pre-amplified and fil-
tered by a Nihon-Kohden nine channel poly-
graph. A high-frequency cut-off of 35Hz and a
time constant of 5s was applied for both EEG
and EOG. All single-trial data were stored on
hard disk for later analyses.
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Data reduction and analysis

Performance measures

Extreme slow reaction time (RT > 1500 ms)
and extreme fast reaction time (RT < 250 ms)
trials were left out of the analyses: the average
number of these trials, including omission re-
sponses, was < 3%. Statistical tests (repeated
measures ANOVAs) were performed for the
performance data (RT and accuracy). In these
analyses the factors were: NOISE (quiet, w-noise,
c-noise), TASK (intact or degraded stimuli) and
AGE (young versus old subjects).

ERP analyses

EEG, EOG were digitized at a rate of 100 Hz,
starting 200ms before stimulus onset until
1080 ms after stimulus onset. In order to dis-
card artificial low frequent drift in the EEG,
the EEG was aligned to the mean value of an
epoch. Only trials associated with correct RTs
ranging between 250-1500 ms were included in
the ERF analyses. These EEG trials were cor-
rected for horizontal and vertical eye move-
ments and blinks, using the method of regres-
sion analyses in the frequency domain as intro-
duced by Woestenburg, Verbaten, and Slangen
(1983). The EEG was averaged for the sepa-
rate conditions, and the mean value of the pre-
stimulus epoch was subtracted from the EEG.

After visual inspection of the averaged ERP
waveforms the following epochs were selected
for scoring of the amplitudes of ERP compo-
nents: 460-600ms for P3 and 620-800ms for
SW. Note that although P3 latency was slightly
longer in old than in young subjects these ep-
ochs corresponded fairly well with the ERP ar-
eas in which these components were maximal-
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ly active for both young and old subjects (see
also Figures 1 and 2). The average values (area
measures) in these epochs were submitted as
dependent variables to ANOV As with the fac-
tors AGE (young or old subjects), NOISE (quiet,
w-noise and c-noise), TAsK (intact or degraded
stimuli), and eLEcTrRODES (Fz, Cz, Pz, and Oz).
Since repeated-measure designs were used in
ANOVAs, the Greenhouse-Geisser (Type I)
epsilon error corrections were used to compute
the P levels for the tests. P3-latency was mea-
sured as the moment of maximal positive de-
flection at the Pz electrode in the 270-650 ms
epoch. This epoch was wide enough to encom-
pass P3s of young and old subjects.

Results

Reaction times and error rates

The means and deviations of RT and error per-
centages are presented in Table 1. Old adults
were generally slower (F(1,22) = 31.53, P <
.001) than young adults. RTs under noise dif-
fered significantly from RTs in the quiet con-
dition (F(2,44) = 18.82, P < .001). Separate
ANOVAs verified that subjects reacted faster
under w-noise (F(1,22) = 4.83, 2 = .039) but
slower under c-noise (F(1,22) =19.48, P <.001)
than in the quiet condition. Reactions to de-
graded stimuli were slower (F(1,22) = 26.65, P
< .001) and less accurate (F(1,22) = 27.09, P <
.001) than to intact stimuli. These effects ap-
peared to be stronger under noise than in quiet
(Noise by Task interaction: RT: F(2,44) = 4.98,
P = .011; Errors: F(2,44) = 3.54, P = .038). No
significant interactions between age and task
conditions, or between age and noise were
found for performance measures.

Table 1 RT and error percentages (sd in parentheses) for old and young subjects, in quiet, c-noise and w-noise.

Left: intact condition, right: degraded condition.

Stimuli Intact Degraded

RT (sd) ERROR (sd) RT (sd) ERROR (sd)
Quiet
young 703 (59) 29 (2.5) 714 (66) 3.7(3.5)
old 796 (62) 34(2.8) 827 (53) 6.1(2.8)
C-Noise
young 718 (40) 2.6(2.9) 766 (74) 6.9 (9.8)
old 806 (29) 3.8(4.9) 873 (38) 9.2(5.2)
W-Noise
young 684 (44) 1.8 (3.0) 732 (54) 6.4 (5.0)
old 773 (51) 24 (2.0) 821 (47) 10.4 (4.9)
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P3-latency

As expected, old subjects showed longer P3 la-
tencies than young subjects (F(1,22):28.64, P <
.001). No significant effects of NOISE or TASK
(degradation) were found on P3 latencies.
Also, no significant interactions between AGE
with TAsk or NoISE were found.

P3 and SW amplitude measures

Figures 1 and 2 illustrate the effects of different
conditions (superimposed for intact-degraded
stimuli and different noise conditions, respec-
tively) on the grand average ERP waveforms.
As can be seen in these figures, the averaged

—— INTACT versus DEGRADED
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ERPs are characterized by a sequence of com-
ponents that vary in morphology according to

“the scalp location. Old subjects show a more

diffuse midline scalp distribution than young

subjects. The most prominent components are:

- at the anterior recording (Fz): N2 and a neg-
ative SW,

~ at the parietal recording (Pz): P3 and a pos-
itive SW, and

- at the occipital site (Oz): N1.

Statistical analyses will be restricted to P3 and
SW.

Figure 3 presents the area measures for P3
and SW for different midline electrodes, age

OLD ADULTS

c-noise
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Figure 1 Intact/degraded superposi-
tions of ERPs (midline Oz,Pz,Cz and
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Fz) for young and old subjects in qui-
et and two noise conditions.
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P3 area measures
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Figure 3 Average area measures (pooled across intact/degraded conditions) for P3 (upper figures) and SW (lower
figures), plotted as a function of midline electrodes (Fz, Cz, Pz, Oz), age groups, and noise conditions.

groups, and noise conditions. This figure shows
that the topographical distribution of these
components across the scalp is more diffuse for

old than for young subjects. Furthermore, -

young subjects display a negative SW at frontal
electrode sites, while in old subjects this frontal
negativity of SW is lacking, and SW is mani-
fested as a prolonged positivity.

ANOVAGS of the area measures showed sig-
nificant main effects of acGe for P3 (F(1,22) =
49.8 P < .01), and significant effects of AGE
(F(1,22) =99.9 P < .01), NOISE (F(2,44) =4.3, P
<.01) and Task (F(1,22) = 4.2, P < .05) for SW.
These effects indicate that old subjects showed
larger positive P3 and SW components at all
electrode sites than young subjects (Figure 3).
Also, noise elicited a greater negativity in the
SW area than the quiet condition, while de-
graded stimuli elicited a more positive SW
than intact stimuli (Figure 1). P3 also showed
a significant interaction between AGE and ELEC-
TRODES (F(3,66) = 7.8, P < .01) which indicates
that old subjects had a more diffuse topograph-
ical distribution of P3 over the midline loca-

tions than the younger subjects (see Figure 3).
Notice also that old subjects had a much more
positive P3 at anterior sites than young sub-
jects.

Of particular importance for the hypotheses
of the present study are statistical effects that
reflect interactions between age and noise, and
between age and task. As stated earlier, such
interactions would support the hypothesis that
old age and external sources of noise (e.g.,
stimulus degradation, auditory noise) operate
through a common neural mechanism. Howev-
er, no significant interactions were found be-
tween age and noise or between age and task,
for P3 and SW components, in the overall
ANOVA.

Despite the absence of significant overall in-
teraction effects, there were marked age-relat-
ed differences in the morphology of the ERPs
elicited in the two noise conditions. Note that
the effect of w-noise, as compared with quiet,
does not seem to differ appreciably between
age groups. In contrast, c-noise effects on P3
and SW components appear to be larger in old



AGE. NOISE. AND INFORMATION PROCESSING

than in young subjects (see Figure 2: left upper
and lower panels). These observations were
confirmed in two separate ANOV As that were
carried out on quiet versus w-noise and quiet
versus c-noise conditions, respectively. The lat-
ter analyses permitted a more direct evaluation
of the specific type of noise that was used rel-
ative to the quiet condition than the overall
ANOVA. When quiet was compared with c-
noise the following results were obtained: (a)
c-noise had a significant effect on SW (increase
in negativity: F (1, 22) = 8.4, P < .01) and (b)
there were significant AGE x NOISE interactions
for both P3 and SW area measures (P3: F(1,22)
=4.1, P < .05, SW: F (1,22), =42, P < .05).
These AGE x NOISE interactions in the separate
ANOVAs confirm the visual impression of
Figures 2 and 3 that c-noise elicited a negative
shift in the ERP waveform which affected both
P3 and SW amplitudes, and was more conspic-
uous in old than in young subjects. However,
since the SW in old subjects always keeps a
positive polarity, the interaction became man-
ifest as a decrease in amplitude (i.e., smaller
positivity) of the SW for these subjects.

Summary

The major results can be summarized as fol-

lows:

~ C-noise and w-noise had different effects on
RT: c-noise induced slower reactions and w-
noise induced faster reactions. No significant
interactions were found between age and
noise, and age and task for performance
measures.

— The elderly subjects showed a more diffuse
scalp distribution of P3 and SW area mea-
sures, and longer P3 latencies than the
younger subjects.

— C-noise and w-noise also produced different
ERP patterns in old subjects: under c-noise
old subjects showed a prolonged negativity
in the areas of P3 and SW as compared with
the quiet condition, whereas in the young
these effects were less conspicuous. Under
w-noise these effects did not occur.

Discussion

As expected, degraded stimuli elicited slower
and less accurate responses than intact stimuli
and old subjects were slower and somewhat
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less accurate in responding than young sub-
jects. However, the analysis of performance
measures failed to confirm the prediction that
old subjects would be slower and less accurate
under c-noise, especially when perceptual pro-
cessing demands were high. Thus, on the per-
formance level no support was found for the
hypothesis that old subjects are more vulnera-
ble to external conditions that increase the lev-
el of neural noise in the central nervous system
than young subjects. It should be noted that in
the present study old subjects were healthy,
highly educated and strongly motivated. This
could explain why age-related experimental
effects were rather small. In addition, relatively
small groups of old and young subjects were
used which could have decreased the power of
the F tests in the analyses of variance of the
performance data. In a study reported else-
where (Kok, Lorist, Cremer, & Snel, 1994) we
used regression analyses (“Birren plots”) of re-
action times and error percentages in visual RT
tasks that were obtained in relatively large
groups of old and young subjects. In the latter
study it was demonstrated that old subjects
were less accurate than young subjects in the
more demanding RT tasks when these tasks
had to be performed under noise, but not in the
quiet condition.

Another speculation why old subjects did
not show a Jarger decrement in performance
than young subjects in conditions that were as-
sumed to increase the level of neural noise is
that the old subjects were able to compensate
for the detrimental effects of noise on perfor-
mance, by allocating more mental effort. The
latter hypothesis, that will be further elaborat-
ed below, was based on the observation that
old subjects showed larger amplitudes of sus-
tained negative waves in the ERP than young
subjects in conditions when meaningful noise
(c-noise) was presented.

An interesting finding was that, irrespective
of the age of subjects, w-noise and c-noise had
contrasting effects of the speed of perfor-
mance: under c-noise subjects were slower, but
under w-noise subjects were faster than in the
quiet condition. This result confirms earlier
suggestions that c-noise and w-noise elicit dif-
ferent types of processes. The global pattern of
performance measures under w-noise (i.e.,
faster and somewhat less accurate response;
see table 1) is reminiscent of earlier results (cf.
Broadbent, 1971; Hockey & Hamilton, 1983)
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showing that white noise causes a shift in the
speed-accuracy trade-off (i.ec., faster and less
accurate reactions). Alternatively, the fact that
c-noisc was associated with slower reactions as
compared with the quiet condition is probably
more casy to reconcile with a distraction inter-
pretation of this type of noise.

P3 latency and performance measures

In accordance with earlier findings (see
Bashore, 1990; Kok & Zeef, 1991) old subjects
showed longer P3 latencies than young sub-
jects. However, the age-related prolongation of
P3 was ncither affected by noise nor by task
demands. There is ample evidence to suggest
that P3 latency reflects the time to evaluate the
stimulus, and is independent of response-relat-
ed factors, such as a shift in the response crite-
rion (Donchin & Coles, 1988; Kutas & Don-
chin, 1980; Magliero, Bashore, Coles, & Don-
chin, 1984). In the present experiment a
dissociation was found between the effects of
noise on RT and P3 latency. C-noise and w-
noise had contrasting effects on the speed of
the responses, but did not affect P3 latency. This
finding provides further support for the view
expressed above that the loci of interference
caused by environmental noise are the re-
sponse-related processes (e. g., response-selec-
tion) and not the perceptual-central processes.

ERP amplitude: P3 and SW

At the frontal and central electrode sites old )

subjects showed larger P3s than young sub-
jects. Surprisingly, even at the posterior sites P3
amplitudes were slightly larger in old than in
young subjects. In accordance with previous
findings old subjects showed a more diffuse
midline scalp distribution of P3 and SW com-
ponents, and a lack of fronto-central SW neg-
ativity (Figure 3). An age-related decrease in
negative slow waves has also been reported in
earlier studies, which probably reflects struc-
tural changes in cerebral organization with ad-
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vancing old age (Looren de Jong, Kok, & van
Rooy, 1988 a; Pfefferbaum, Ford, Wenegrat,

‘Roth, & Kopell, 1984; see also Kok & Zeef,

1991, for a review).

ERP amplitude results did not confirm the
prediction of a specific effect of age on P3 and
SW amplitudes in the degraded condition. De-
graded stimuli elicited a larger positive SW as
expected (see Figure 1) but there were no in-
dications that this effect was more pronounced
in the elderly subjects. However, in accordance
with our predictions, separate ANOVAs veri-
fied that noise type affected the amplitude of
P3 and the SW: c-noise had a more prominent
effect on SW amplitude than w-noise. This be-
came manifest in a sustained increase in nega-
tivity (or: decrease in positivity) of the SW. An
interesting second finding from the same ana-
lyses was that the increase in sustained nega-
tivity under c-noise was more prominent in old
than in young subjects (see Figures 2 and 3).
As noted earlier, old subjects always showed
positive SW’s at all electrode sites and in all
conditions. Therefore, in old subjects the in-
crease in sustained negativity did not become
manifest as an absolute increase in cortical
negativity, but rather as a decrease in ampli-
tude, or smaller positivity, of the positive SW
and P3 under c-noise relative to the quiet con-
dition*.

These results indicate that electrocortical
activity in elderly subjects was affected more
strongly by meaningful noise than neutral w-
noise. The question that can be raised is to
what extent the increase in slow negativity that
was induced by noise is functionally related to
the task-induced negativity that has been re-
ported in prior studies. Several studies with
young subjects have shown that slow negative
waves in the ERP reflect processing demands
in complex visual tasks (Mecklinger, Kramer,
& Strayer, 1992; Rosler et al., 1993; Ruchkin et
al., 1988; Wijers, Otten, Feenstra, Mulder, &
Mulder, 1989). In addition, Looren de Jong,
Kok, Woestenburg, Logman, and van Rooy

* It is unlikely that these effects were caused by a greater latency variability (or “jitter”) of the ERP components
in old subjects, as suggested by one of the reviewers of this paper. First, a greater latency variability should
have resulted in smaller amplitude and more diffuse P3/SW waveforms in old subjects. However, in the present
study old subjects showed P3s with a larger amplitude than P3s in young subjects. Second, latency jitter is an
artifact caused by a greater variability of neural processes underlying ERP waveforms in task conditions that
usually also clicit longer and more variable reaction times. It is hard to understand how this could have resulted
in a highly specific effect, like the enhancement of slow wave negativity at fronto-central electrode sites in

clderly subjects under c-noise.
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(1988) reported an increase in sustained nega-
tive potentials in elderly subjects in a complex
visual search task. Ruchkin et al. (1988) further
suggested that slow negative waves reflect ac-
tivation of working memory in complex and
highly demanding cognitive tasks. Although
the tasks that were used in the present study
were not designed to activate working memory
processes, it is possible that the enhanced SW
negativity under c-noise relative to the quiet
condition reflected an increase of the process-
ing demands of the task. Furthermore, the fact
that these effects were larger in old than in
young subjects, could mean that processing de-
mands were higher for old than for young sub-
jects.

It also remains to be explained why the sig-
nificant AGE x NOISE interaction was only found
for ERP and not for the behavioral measures.
Previous research has demonstrated that envi-
ronmental stressors often induce “strategy” ef-
fects such as adaptation of criteria for decision,
task set and allocation of mental effort (Hock-
ey, 1986; Hockey, Coles, & Gaillard, 1986;
Hockey & Hamilton, 1983). Since c-noise did
not lead to a larger decrement in performance
in old than in young subjects, it can be specu-
lated that in old subjects the enhanced slow
negativity reflected regulatory and strategy
aspects of the control of behavior that served
to compensate for the disrupting effects of c-
noise. Interestingly, Sommer and Leuthold
(1993) recently reported similar covert effects
of a stressor on ERP components. These au-
thors found enhancement of a late slow nega-
tive wave component under alcohol in a visual
discrimination task, in the absence of any ef-
fects on behavior. They further suggested that
this dissociation of measures could reflect that
subjects invested additional processing re-
sources in order to maintain normal perfor-
mance Jevels.

In summary, the present results showed that
young as well as old subjects reacted slower un-
der c-noise and faster under w-noise, than in
the quiet condition. The absence of any effect
of noise on the latency of P3 suggests that the
locus of the effect of both types of noise on re-
sponse speed are the response-related process-
es rather than the stimulus-related processes.
In addition, no behavioral and ERP evidence
was found that noise specifically interfered
with the perceptual demands of the task, or
that perceptual-central processes in old sub-
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jects were more impaired by noise than in
young subjects. Thus, our results did not pro-
vide direct support for the hypothesis that old
subjects are more vulnerable to external con-
ditions that increase the level of neural noise
than young subjects. However, the finding that
c-noise affected slow wave negativity but not
the performance of old subjects could be an in-
dication that old subjects allocated extra effort
to compensate for the disruptive effect of this
stressor on performance.

Acknowledgment

This research was supported by a grant nr.
560-265-024 from the Dutch Organization for
Scientific Research (NWO).

Address correspondence to:

Albert Kok
Psychonomics Dept.
University of Amsterdam
Roetersstraat 15

1018 WB Amsterdam
The Netherlands

References

Bashore, T. (1990). Age-related changes in mental process-
ing revealed by analyses of event-related brain poten-
tials. In J. W. Rohrbaugh, R. Parasuraman & R. Johnson,
Jr. (Eds). Event-related potentials. Basic issues and ap-
plications (pp.242-275). New York: Oxford University
Press.

Broadbent, D. E. (1963). Differences and interactions be-
tween stressors. Quarterly Journal of Experimental Psy-
chology, 15,205-211.

Broadbent, D. E. (1971). Decision and stress. London: Ac-
ademic Press.

Broadbent, D. E. (1979). Human performance and noise.
In C. M. Haris (Ed.), Handbook of noise control
(pp. 2066-2085). New York: McGraw-Hill.

Cremer, R., Schaaf, D. van der, & Verheyden, H. (1991).
Test battery administration using a PC-AT and a Mac-
intosh. — Data acquisition in psychophysiology. In F. J.
Maarse, L. J. M. Mulder, W. P. B. Sjouw, & S. E. Akker-
mans (Eds.), Computers in psychology (pp. 89-96). Am-
sterdam: Swets & Zeitlinger.

Cremer,R., & Zeef, E.J. (1987). What kind of noise increas-
es with age? Journal of Gerontology, 42,515-518.

Czigler, 1., Csibra, G. & Ambro, A. (1996). Aging, stimulus
identification and the effect of probability: An event-re-
lated potential study. Biological Psychology, 43, 27-40.




250

Donchin, E., & Coles, M. G. H. (1988). Is the P300 compo-
nent a manifestation of context updating? Behavioral
Brain Science, 11,357-374.

Duncan-Johnson, C. C., & Donchin, E. (1977). On quanti-
fying surprise: The variation of event-related potentials
with subjective probability. Psychophysiology, 14,
456-467.

Friedman, D., & Simpson, G. V. (1994). ERP amplitude and
scalp distribution to target and novel events: Effects of
temporal order in young, middle-aged and older adults.
Cognitive Brain Research, 2,49-63.

Fozard, J. L. (1990). Vision and hearing in aging. In J. E.
Birren & K. W.Schaie (Eds.), Handbook of the psychol-
ogy of aging (3rd ed., pp. 150-171).San Diego: Academ-
ic Press.

Gratton, G., Bosco, C. M., Kramer, A. F,, Coles, M. G. H.,
Wickens, C. D., & Donchin, E. (1990). Event-related
brain potentials as indices of information extraction and
response priming. Electroencephalography and Clinical
Newrophysiology, 75,419-432.

Hockey, G. R.J. (1970). Effect of loud noise on attentional
selectivity. Quarterly Journal of Experimental Psychol-
ogy, 22,28-36.

Hockey, G. R. J., & Hamilton. P, (1983). The cognitive pat-
terning of stress states. In G. R. J. Hockey (Ed.), Stress
and fatigue in human performance (pp.331-362). New
York: John Wiley.

Hockey, R. J. (1986) A state control theory of adaptation
lo stress and individual differences in stress manage-
ment. In R. J. Hockey, A. W. K. Gaillard, & M. G. H.
Coles (Eds.), Energetics and human information pro-
cessing (pp.285-298). Dordrecht: Martinus Nijhoff.

Hockey, R.J., Coles, M. G. H., & Gaillard, A. W. K. (1986).
Energetical issues in research on human information
processing. In R. J. Hockey, A. W. K. Gaillard, & M. G.
1. Coles (Eds.), Energetics and hwman information pro-
cessing (pp. 3-21). Dordrecht: Martinus Nijhoff.

Jasper, H. H. (1958) The ten-twenty electrode system of the
international federation. Electroencephalography and
Clinical Neurophysiology, 10,371-375.

Johnson, Jr., R. (1988). The amplitude of the P300 compo-
nent of the event-related potential: Review and synthe-
sis. In P. K. Ackles, J. R. Jennings, & M. G. H. Coles
(Eds.), Advances in psychophysiology (vol. 3,
pp. 69-137). London: JAT Press.

Kahneman, D. (1973). Anention and effort. Englewood
Cliffs, NJ: Prentice Hall.

Koelega, H. S., & Brinkman J. A. (1986). Noise and vigi-

lance: An evaluative review. Human Factors, 28,
465-481.

Kok, A. (1986). Effects of degradation of visual stimuli on
components of the event-related potential (ERP) in

go/nogo reaction tasks. Biological Psychology, 23,
21-38.

Kok, A. (1990). Internal and external control: A two-factor

ROEL CREMER ET AL.

model of amplitude change of event-related potentials.
Acta Psychologica, 74,203-236.

Kok, A., & Looren de Jong, H. (1980) Components of the
event-related potential following degraded and unde-

graded visual stimuli. Biological Psychology, 11,
117-133.

Kok, A., Lorist, M. M., Cremer, R., & Snel, J. (1994). Age-
related differences in mental work capacity: Effects of
task complexity and stressors on performance. In J. Snel
& R. Cremer (Eds.), Work and aging. A European Per-
spective (pp.139-161). London: Taylor & Francis Ltd.

Kok, A., Vijver van de, F. R., & Rooyakkers, J. A.J. (1985).
Effects of visual field, stimulus degradation and level of
practice on event-related potential of the brain. Psycho-
physiology, 22,707-717.

Kok, A., & Zeef, E. J. (1991). Arousal and effort: A review
and theoretical synthesis of studies of age-related
changes in event-related potentials. In C. H. M. Brunia,
G. Mulder, & M. N. Verbaten (Eds.), Event-related brain
research (EEG Suppl. 42, pp.324-341). Amsterdam:
Elsevier Science Publishers.

Kok, A., Zeef, E. J., Kenemans, J. L., & Sonke, C. (1995).
Age-related decline in visual selective attention: Evi-
dence derived from ERP paradigms. In G. Karmos, M.
Molnar, V. Csépe, 1. Czigler, & J. E. Desmedt (Eds.), Per-
spectives of event-related potential research. Suppl. 44,
EEG and Clinical Neurophysiology. (pp. 347-357). Am-
sterdam: North-Holland.

Kutas, M., & Donchin, E. (1980). Preparation to respond
as manifested by movement-related brain potentials.
Brain Research, 202,95-115.

Loeb, M. (1986). Noise and human efficiency: Studies in hu-
man performance. New York: Wiley.

Looren de Jong, H.,Kok, A.,& van Rooy,J. C. G. M. (1988).
Early and late selection in young and old adults: An
ERP study. Psychophysiology, 25,657-671.

Looren de Jong, H.,Kok, A., & van Rooy,J. C. G.M. (1989).
Stimulus probability and motor response in young and
old adults: An ERP study. Biological Psychology, 29,
125-148.

Looren de Jong, H., Kok, A., Woestenburg, J. C., Logman,
C.J. C. M., & van Rooy, J. C. G. M. (1988). Learning
where to look: Electrophysiological and behavioral in-
dices of visual search in young and old adults. Biological
Psychology, 26,271-298.

Magliero, A., Bashore, T. R., Coles, M. G. H., & Donchin,
E. (1984). On the dependence of P300 latency on stim-
ulus evaluation process. Psychophysiology, 21,171-186.

Mecklinger, A., Kramer, A. F,, & Strayer, D. L. (1992).
Event-related potentials and EEG components in a se-
mantic memory search task. Psychophysiology, 29,
104-119.

Myerson, I, Hale, S., Wagstaff, D., Poon, L. W., & Smith, G.
A. (1990). The information-loss model: A mathematical

theory of age-related cognitive slowing. Psychological
Review, 97, 475-487.



AGE, NOISE, AND INFORMATION PROCESSING 251

Pfefferbaum, A., Ford, J. M., Wenegrat, B. G, Roth, W.T.,
& Kopell. B. S. (1984). Clinical application of the P3
component of the event-related potentials. I. Normal
aging, Electroencephalography and Clinical Neurophys-
iology, 59, 85~-103.

Rabbit, P. M. A. (1992). Cognitive changes with age must
influence human factors design. In H. Bouma & J. A. M.
Graafmans (Eds.), Gerontechnology (pp.113-139).
Amsterdam: IOS press.

Résler, F,, Heil, M., & Glowalla, U. (1993). Monitoring re-
trieval from long-term memory by slow event-related
brain potentials. Psychophysiology, 30,170-182.

Ruchkin, D. S., Johnson Jr., R., Mahaffey, D., & Sutton, S.
(1988). Towards a functional categorization of slow
waves. Psychophysiology, 25,339-353.

Ruchkin, D. S., & Sutton, D. S. (1978). Equivocation and
P300 amplitude. In D. Otto (Ed). Multidisciplinary per-
spectives in event-related potential research (pp.175-
177). Washington, DC: US Government Printing office.

Ruchkin, D. S., Sutton, S., Kietzman, M. L., & Silver, K.
(1980). Slow wave and P300 in signal detection. Electro-
encephalography and Clinical Neurophysiology, 50,
35-47.

Salthouse, T. A. (1985). A theory of cognitive aging. Am-
sterdam: North-Holland.

Salthouse, T. A., & Lichty, W. (1985). Tests of the neural
noise hypothesis of age-related cognitive change. Jouwr-
nal of Gerontology, 40, 443-450.

Scheibel, M.E., & Scheibel, A.B.(1975). Structural changes
in the aging brain. In H. Brody, D. Harman, & J. M. Ordy
(Eds.), Aging (Vol.1:pp 11-37). New York: Raven Press.

Selkoe, D. J. (1992). Aging brain, aging miund. Scienific
American, 267,97-103.

Smith, A. (1989). A review of the effects of noise on human

performance. Scandinavian Journal of Psychology, 30,
185-206.

Sommer,W., & Leuthold, H. (1993). Covert effects of alco-
hol revealed by event-related potentials. Perception &
Psychophysics, 54, 127-135.

Welford, A. T. (1981). Signal, noise, performance and age.
Human Factors, 23,97-109.

Welford, A. T. (1984). Between bodily changes and perfor-
mance:; Some possible reasons for slowing with age. Ex-
perimental Aging Research, 10,73-88.

Wijers, A. A., Otten, L. J,, Feenstra, S., Mulder, G., & Mul-
der, L.J. M. (1989). Brain potentials during selective at-
tention, memory search and mental rotation. Psycho-
physiology, 26,452-467.

Woestenburg, J. C., Verbaten, M. N., & Slangen, J. L. (1983).
The removal of the eye-movement artifact from the
EEG by regression analyses in the frequency domain.
Biological Psychology, 16,127-147.

Zeef E. I, & Kok, A. (1993). Age-related differences in the
timing of stimulus and response processes during visual
selective attention: Performance and psychophysiolog-
ical analyses. Psychophysiology, 30, 138-151.





