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A long-standing goal of researchers who investigate mechanisms of selective attention
is to specify the levels of sensory processing at which different types of inputs are
selected or rejected. Considerable evidence from behavioral studies supports a
mechanism of ‘early selection,” whereby stimuli belonging to an unattended sensory
channel (e.g., sounds in an unattended ear) are ‘filtered’ at an early stage of processing
prior to the completion of the perceptual analysis (reviewed in Broadbent 1982;
Kahneman and Treisman 1984). A possible physiological mechanism for early selection
would involve the modulation or gating of sensory inputs in the peripheral sensory
pathways by means of descending influences from higher centers (Hernandez-Pedn
1966). Early experiments in animals that reported peripheral gating of irrelevant sen-
sory inputs have been criticized for failure to control physical stimulus factors (Worden
1966), but subsequent studies have provided further evidence for the modulation of af-
ferent transmission in subcortical pathways as a function of stimulus relevance (e.g.,
Oatman and Anderson 1977; Skinner and Yingling 1977; Birt et al. 1979).

EARLY AUDITORY SELECTION IN HUMANS

There is conflicting evidence with regards to subcortical modulation of auditory
transmission during selective attention in humans. Several studies have reported that
the brain-stem evoked potentials (BEPs) to clicks remain invariant when attention is
directed towards or away from them (Picton and Hillyard 1974; Picton et al. 1978;
Woods and Hillyard 1978). On the other hand, Lukas (1980, 1981) reported that wave
I (auditory nerve) and wave V (midbrain) of the BEP to tone pip stimuli were enhanced
in amplitude and/or shortened in latency when attention was directed towards the
evoking tones. Lukas suggested that the modulation of wave I was caused by descend-
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ing influences on auditory transmission mediated by the olivo-cochlear bundle. The
reliability of Lukas’ findings was questioned by Picton et al. (1981), however, who fail-
ed to replicate these attention effects using comparable stimuli. Moreover, it was
curious that these attention effects were only observed for the longer-duration target
stimuli in Lukas’ (1981) study. It is difficult to imagine a peripheral gating mechanism
that could select for targets (4 msec duration) and not for the 0.5 msec standards;
moreover, the averaged BEPs to targets were based on considerably fewer stimuli (5%
of the total) than the standards and had a correspondingly reduced signal/noise ratio.

The study reported here* was conducted to explore further the possibility of descend-
ing control of auditory input during selective attention. The task involved selective
listening to randomized presentations of tone pips of different frequencies to the left
and right ears. Such a design ensures that any changes in event-related potentials
(ERPs) between attended and unattended ears are due to selective attention rather than
general arousal or state changes (Hillyard and Picton 1979). In addition, BEPs were
averaged over a large number of stimuli — 2400 per condition per subject — to yield
suitable signal/noise ratios. In addition to the BEPs, the mid-latency (10— 50 msec)
and long-latency (50 — 500 msec) components of the auditory ERP were also examined
for selective attention effects.

Methods

The subjects were 8 normal young adults who listened to the tone pip sequences
through stereo headphones. The left ear tones were of 5000 Hz (duration 1.0 msec),
and the right ear tones were of 3400 Hz (duration 1.5 msec); 90% of these tones in each
ear were 60 dB SL (‘standards’) and 10% were ‘targets’ of 40—49 dB SIL, with the in-
tensities adjusted so that each subject was around 60— 70% correct in detecting the
targets. These tones were presented in random order at ISIs randomized between 120
and 320 (mean = 220) msec in runs containing 440 total stimuli each. Subjects were
presented with a total of 24 runs; on half they listened selectively to right ear tones and
pressed a button to the targets therein, and on the other half they listened to left ear
tones. Order of conditions was counterbalanced.

BEPs were recorded from the vertex referred separately to the left and to the right
mastoid, with a bandpass of 30—3000 Hz. The mid- and long-latency ERPs were
recorded from midline (FPz, Fz, Cz and Pz) and lateral (T3, T4, C3, C4, TS5, T6) sites
referred to the left mastoid at a bandpass of 0.01 — 100 Hz. BEPs were digitized at
25,000 Hz, and the ERPs at 500 Hz. The vertical EOG was recorded to monitor eye
movement artifacts.

Results
Switching attention from one ear to the other had no significant effect on the BEPs.
Fig. 1 shows the close superimposition of the attended and unattended waveforms.

* This is a preliminary report of an experiment by Woldorff, Hillyard and Hansen, for which a more detailed
manuscript is in preparation.
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Measures of peak latencies and peak-to-peak amplitudes of waves I through V did not
vary significantly between attended and unattended ears.

The concurrently recorded mid- and long-latency components are shown in Fig. 2.
A small enhancement of the mid-latency Na-Pa components (15 — 25 msec) to attended
tones can be seen for both right and left ears; this enhancement amounted to a
22 —31% increase in the Na-Pa peak-to-peak amplitude at central and anterior scalp
sites. Analyses of variance showed these attention-related increases in Na-Pa to be
significant at P values ranging between 0.04 and 0.01 at central/anterior sites but not
at parietal or posterior temporal sites.

Beginning at 50—55 msec a much larger attention-related negativity can be seen,
which has been variously called the ‘N1 effect’ (Hillyard and Picton 1979), the ‘pro-
cessing negativity’ (Néddtdnen and Michie 1979) or the ‘Nd’ (negative difference) wave
(Hansen and Hillyard 1980). At the Cz and Pz sites (Fig. 2) this attention-related
negativity had two distinct phases — an early phase (50— 160 msec) that precisely
overlapped in its timing with the exogenous N1 component present in the unattended
waveform, and a later phase between 250 and 500 msec. At the anterior (Fz and FPz)
sites (not shown), the attention effect appeared as a continuous negativity throughout
this latency range.

Discussion

The present results provide further evidence that modulation of sensory transmission
through the brain-stem is not a general feature of auditory selective attention. Similar
negative results have been reported in conditions of intra-model selective attention be-
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Fig. 1. Auditory brain-stem evoked potentials to right and left ear tones averaged across all 8 subjects
in the experiment. Upper tracings were recorded from vertex-right mastoid and lower tracings from vertex-
left mastoid. Superimposed are the averaged waveforms when the tones in that ear were attended (solid trac-
ings) and when the other ear was attended (dashed tracings). Vertical line at time zero shows a 0.5 uV calibra-
tion, with vertex negativity plotted upwards. Tick marks on time axis are at 2 msec intervals. Components
labeled are wave I (auditory nerve), wave 111 (vicinity of superior olive), and wave V (midbrain). High fre-
quency oscillations preceding wave I are residual stimulus artifacts.
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tween the two ears (Picton et al. 1978; Woods and Hillyard 1978), and in cross-modal
conditions of listening versus looking (Picton and Hillyard 1974; Picton et al. 1981).
Only the studies of Lukas (1980, 1981), which also required subjects to switch between
attend-auditory and attend-visual conditions, have obtained significant BEP modula-
tions with attention. Further work is needed to establish the reliability of such early
attention effects.

The attention effect that we observed in the latency range of the Na and Pa com-
ponents (15— 30 msec) is consistent with the report of McCallum et al. (1983) that
modulations of mid-latency components occurred during selective listening to spatially
distinct sound sources. Previously, Picton and Hillyard (1974) had also reported a
significant (marginally so) enlargement of the Na wave with attention. While the
origins of these mid-latency waves have not been firmly established, the primary
and/or secondary auditory cortex of the temporal lobes are prime candidates (e.g.,
Kraus et al. 1982). Thus, the participation of auditory cortex in intra-modality selective
attention seems to be a distinct possibility.

There has been considerable debate about whether the attention-related negativity in
the N1 latency range (50 — 150 msec) represents an enhancement of the activity of the
NI generators themselves (Hillyard et al. 1973; Hillyard 1981) or the addition of an
endogenous negativity from a different source (Nddtdnen and Michie 1979). While it
has been clearly shown that attention-related negativity may be dissociated in time
from the N1 wave under conditions where attended and unattended channels are not
readily discriminable (Hansen and Hillyard 1980), in the present experiment there was
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Fig. 2. Auditory ERPs to right and left ear tones, averaged over all 8 subjects. Upper and lower tracings
show the vertex-mastoid and Pz-mastoid recordings, respectively. Superimposed are the ERPs when tones
in that ear were attended (solid lines) and when attention was directed towards the other ear (dashed lines).
Vertical line at time zero shows a 2.0 xV calibration, with vertex negativity plotted upwards. Tick marks on
time axis are at 100 msec.
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a nearly perfect overlap in time of the waveform of the attention-related negativity with
that of the N1 component elicited by the unattended-channel tones. Thus, under these
conditions of highly discriminable channels and a high sensory load (more than 4
tones/sec), the attention effect may well result from a ‘true’ N1 enhancement. It would
be quite a coincidence if an endogenous negativity from a separate source happened
to coincide in its timing so precisely with the onset and termination of N1 wave. Accord-
ingly, these data seem better interpreted as supporting the hypothesis that auditory
selective attention involves a modulation of sensory evoked (exogenous) activity
reflected in an enhanced N1 wave, as well as the production of a subsequent en-
dogenous negativity. Given that different neuronal generator populations contribute to
the N1 wave (e.g., Wood and Wolpaw 1982), however, it is not clear whether selective
attention affects all of the sources of the N1 complex equivalently. The neural origins
of the N1 wave are not known with certainty, but neuromagnetic recordings have sug-
gested that at least portions of this ERP arise from the vicinity of the primary auditory
cortex (e.g., Hari et al. 1984).

EARLY VISUAL SELECTION IN HUMANS

The earliest attention-related changes in visual ERPs have been reported during spatial-
selective attention in a situation where, for example, a subject attends to a flashing light
in one visual half-field and ignores a similar light in the opposite half-field. In such
a task, flashes in the attended field elicit a series of enhanced ERP components over
the posterior scalp, beginning with a positive deflection that onsets at around 80 — 100
msec and peaks at 100 — 130 msec (Eason 1981; Harter et al. 1982; Hillyard and Munte
1984). This P100 — P130 wave is followed by negative deflections at 160 — 190 msec and
at 250 — 290 msec. Since this same pattern of components is elicited by both attended
and unattended flashes (the latter only eliciting smaller amplitudes), it was proposed
that visual-spatial attention involves a modulation or gating of exogenous visual ERP
components rather than a triggering of new endogenous components (Hillyard et al.
1984). Since the earliest measurable component to these lateralized stimuli (the
P100-P130) is enhanced by attention, it seems likely that the attentional process acts
by gating inputs at a fairly early stage of visual processing.

Eason (1981) proposed that such a gating mechanism may occur at subcortical levels
of the visual pathways. Eason and colleagues (Eason et al. 1983; Eason 1984) have in-
vestigated the possibility that visual attention may even involve a modulation of visual
processing in the retina itself. They found that the b-wave of the electroretinogram
(ERQ) in response to flashes in the lateral visual fields varied in amplitude as attention
was shifted to different spatial locations. Eason et al. interpreted these findings as
evidence for a centrifugal neural pathway that modulates synaptic transmission in the
retina during visual-spatial attention.

We (Mangun et al. 1986) have recently attempted to replicate the attention effects
on the ERG reported by Eason and associates. Patterned flashes from a strobe light
were presented at locations 30° to the left and right of fixation in random order at in-
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tervals of 300 — 700 msec. The subjects attended to flashes in one field at a time, with
the task of detecting occasional target flashes (paired doublets) at that location. The
ERG to all flashes was recorded using a thin gold-foil electrode placed over the lower
eyelid and contacting the sclera and lower cornea of the right eye. The left eye was oc-
cluded.

Fig. 3 shows the visual ERPs recorded from several scalp sites and the ERG response
to the right-field flashes (equivalent waveforms were elicited by left-field flashes).
Whereas the visual ERPs showed significant (P < 0.001) enhancement for attended-
field flashes (particularly in the N150 — N170 components, stippled area), the b-wave
of the ERG remained unchanged. A second experiment in which lateralized flashes
were presented 7° to the left and right of fixation on a video monitor also failed to
demonstrate b-wave modulation. The late after-potential (200 — 400 msec) of the ERG
did show attention-related variation, but it is not clear whether this resulted from
neural events in the eye or pick-up of long-latency brain activity by the corneal-scleral
electrode,
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Fig. 3. Grand average ERG and visual ERP responses to flashes in the right visual field. (Comparable
responses were produced by left-field flashes.) The ERG was recorded by a corneal-scleral electrode (lower
left tracings) and by electrodes placed on the right internal (RIC) and external (REC) canthi. ERPs were
recorded concurrently from left and right central (C3, C4) and occipital (O1, O2) sites. Superimposed trac-
ings are from attend-right (attended) and attend-left (unattended) conditions. Shaded areas designate regions
where significant attention effects were produced on the N150 and N170 component of the ERP. Data from
Mangun et al. 1986.
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There were several procedural differences between our study and those of Eason and
colleagues that might account for the differences in results. Whereas the size, pattern
and eccentricity of our stimuli were the same as those used by Eason, the flash inten-
sities and inter-flash intervals differed. Also, the experimental design used in Eason’s
studies included a condition of attending to a numerical display in the center of the
visual field, which might have introduced differences in general arousal levels between
conditions. Finally, Eason’s group recorded the ERG with canthal electrodes adjacent
to the eye, which pick up the ERG with a lesser amplitude than the corneal-scleral elec-
trodes. In light of these differences, the negative results obtained by Mangun et al. sug-
gest that attention-related modulation of the ERG, if such exists, may depend upon
a narrow range of stimulus parameters and/or instructional sets.

CONCLUSION

To date, the evidence that selective attention in humans modulates sensory transmis-
sion in the peripheral afferent pathways (auditory brain-stem and retina) is conflicting,
and the issue remains unsettled. On the other hand, changes that have been observed
in the auditory mid-latency components and the early flash-evoked occipital com-
ponents are suggestive of attentional processes operating at either early cortical or at
thalamic levels, the latter gating input into the cortex (cf., Skinner and Yingling 1977;
Eason 1981). Although the behavioral significance of these early ERP modulations has
not been established, their short latencies make them prime candidates as signs of early
(stimulus set) selective attention.
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