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ABSTRACT

The purpose of this investigationwas to determne if the
anpl itude of the AERto auditory stimulation at 10 dB SL could be in-
creased in adul ts who were passive during testing. Three groups, each
consi sting of nine adults wth nornal hearing, were tested using con-
ventional AEA procedures. An AERwherein a tone was presented al one
at 10 dB S served as the control condition. D fferent experinental
conditions were admnistered to each group. The auditory stinul us was
at 10 dB SL for all conditions. e group received an auditory signal
and a visual stimulus simltaneously 40%of the tine. The AERwas ob-
tained for those trials where the auditory stimulus occurred al one.
Anot her group was stinulated with a colored light. During the tine
that this light was on the auditory signal was presented. The third
group recei ved a shock foll owng 40%of the auditory signals. Gom
pari sons in response anplitude for NL-P2 were nmade between the control
and experinental conditions for each group. Latency neasurenents were
nmade for NI, P2, and N2.

Wien the averaged anplitude of the response was conpared for
each group between the control condition and their respective experi -
nental conditions significant differences were not observed. Conpari-
sons between groups concerni ng the average response anplitudes
obtained for the control condition did not yield a significant finding.

However, a significant difference was noted when anplitude conparisons



were nmade between groups for the experimental conditions. Subjects
who were admnistered a shock following the auditory signal yielded an
average response having significantly larger anplitude than that seen
for the group who received their auditory stimilus within the presen-
tation of a colored light.

Significant differences in latency were not observed between
any of the response conponents between conditions or between groups.

The lack of significant differences in anplitude between the
control and experimental conditions suggest that attenpts to
augnent response anplitude in passive subjects using conditions like
those reported herein which attenpted to nodify attention externally

w |l be unsuccessful.



GHAPTER |

I ntroduction

According to Brazier (1961), Caton was the first investigator
to substantiate the presence of the fluctuating electrical activity of
the cortex in 1875 wusing an optical nagnifying technique. Hs
recordings were taken directly fromel ectrodes placed on the cortex of
rabbi ts and nonkeys. The activity picked up by the el ectrodes was
directed to a reflecting gal vanoneter. sing a series of lens the EEG
activity was progressively nagnified and projected on a wall where it
could be viened. OQver fifty years passed before Hans Berger denon-
strated the existence of EEGactivity inman (Brazier, 1961). Hs
recordi ngs were nade using el ectrodes situated on the scalp. In
addi tion Berger was successful in denonstrating changes whi ch occurred
in the ongoing cortical electrical rhythmw th the presentation of
different types of strong sensory stinuli.

In 1939, P. A Davis described a di phasi c wavef or mwhi ch oc-
curred in the ongoi ng el ectroencephal ic activity foll owng auditory
stinmul ation. A negative wave was seen as early as 30 to 40 nsec after
stinmulus presentation. This was followed by a positive going com
ponent. In nost instances the response was conpl eted by 300 nsec
after the stimulus onset. She al so observed that simlar waveforns
were evident to both the initiation and the cessation of the stinulus
al though the anplitude of the "off" response was narkedy snal |l er and

observed less frequently than that of the "on" response.



Additional investigation (Davis, Davis, Looms, Harvey, &
Hobart, 1939) reveal ed that the anplitude of the auditory potentia
neasured at the tenporal area was nuch snaller than that observed at
the vertex suggesting that the late sensory evoked cortical potentials,
i.e. those begi nning approxi nately 40 nsec after stimulation, were
nonspecific inorigin. |If the late cortical potential was specific
tothe nodality stinulated (auditory in this instance) the anplitude
of the response shoul d have been largest at the l[ocation on the skull
corresponding to the prinary cortical receptor (tenporal area for
audition), and not at the vertex. The fact that the reci procal was
true indicated that this response was not specific to a given receptor
areawthinthe cortex. Later investigations (French, Verzeano, &
Magoun, 1953; Wnters, Mori, Spooner, & Bauer, 1967) suggested t hat
the late response was initiated at the reticular fornation and from
there radi ated over the cortex.

The late el ectroencephalic response to intense auditory stinu-
ation can easily be visualized fromthe perusal of raw EEG data.
However, as intensity is decreased the anplitude of the response de-
creases making it difficult to distinguish fromthe ongoi ng EEG
activity even for a person highly skilled in this technique. In order
to determne if this response could be used to accurately estinate
auditory threshold Perl, Galanbos, & Gorig (1953) and Derbyshire,
Fraser, MDernott, & Bridge(1956) systenatically lowered the intensity
of the auditory stimulus and observed the changes that occurred in the
EEGactivity wth the introduction of each signal. The |owest inten-

sity level at which responses could be visualized was terned
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threshol d. They noted that behavioral thresholds were 10 dB (Perl et

al., 1953) to 18 dB (Derbyshire et al ., 1956) |ower than the threshol ds
establ i shed by reading individual EEGresponses. Snce the latter -
techni que tended to underestinate auditory sensitivity additional en-
hancenent of response anplitude was needed so that the response coul d
be seen at threshold in a greater nunber of subjects.

Earlier, Dawson (1951) had devel oped a nethod of augnenting
response anpl i tude by superinposi ng several individual responses

phot ographi cal ly. S nce the phase of the response was tinel ocked to
stimul us onset he reasoned that the visual inspection of overlayed

responses obtained at the sane intensity woul d enabl e one to determne

if the waveforns were enhanced. A simlar procedure which utilized an

integrator and a graphic witeout has been reported by Barl ow (1957).

Al though superi nposi tion techni ques did enhance response anplitude and
were therefore an inprovenent to readi ng waveforns fromraw EEG
activity the visualization of responses at the behavioral threshold of
an adult was still difficult. Thus, inorder for EEGaudi onetry to
have accuracy equival ent to that of behavioral test procedures in
assessing threshol d sensitivity additional enhancenent of the response
was needed.

Investigation into the ability of conputers to nore effectively

separate a response having snal | anplitude fromthe background EEG
activity was initiated by Rosenblith (1957) and his associ at es
(Qesler, Freshkopf, & Rosenblith, 1958). Results soon indicated that

threshol ds establ i shed usi ng responses averaged by a conputer agreed
closely to the behavioral thresholds of adults (MGCandl ess & Best,



1964). Suzuki and Taguchi (1965) nmade direct conpari sons between
threshol ds establ i shed using conputer averagi ng and those found using
Dawson' s superinposi tion technique. A though responses were clearly
seen at 50 dB SL using either procedure response detectibillty was 25%
greater at 10 dB SL and 18%greater at O dB SL using data averaged by
a conput er than when the phot ographi ¢ superinposition techni que was
used. Despite the advantages that conputerized averaging offered in
enhanci ng EEC responses to auditory stimuli the averaged el ectroen-
cephalic response (AER) was still quite small at |ow sensation |evels.
Even when behavi oral and stinulus paraneters were appropriate an AER
at threshol d was not al ways seen.

In nost ol der children and adults the anplitude of the AER at
10 dB or 15 dB S was large enough so that it was identifiable by the
examner (MGandl ess, 1967; MCandl ess & Lentz, 1968b). |n contrast,
infants frequently yielded their |owest averaged response at 40 dB H-
(Lentz & MCandl ess, 1970; Rapin & Gazi ani, 1967) although there was
no reason to believe that their peripheral auditory sensitivity was
poorer than that of adults. These observations suggested that if the
response anplitude could be increased slightly it woul d be nost
hel pful .

Readi ng during the recording of the auditory AER has been shown
to depress the anplitude of the response by sone (G oss, Begleiter,
Tobin, &Kissin, 1965; WIIlians, Mrlock, Mrlock, &Lubin, 1964).
Keating (1969), in contrast observed an Increase in the auditory AER
during readi ng.

A nunber of investigators have observed that response anplitude



can be increased by having the subject selectively attend to one of
alternatively admnistered stinuli (Davis, 1964; Donchin & Cohen, 1967
Mast & Watson, 1968; Satterfield, 1965; Spong, Haider, & Lindsley,

1965). In all cases the stinmulus to which attention was being given
yielded a larger AER than the one to which attention was not being

directed.

In a series of investigations Button and his associates (Sutton
Braren, & Zubin, 1965; Sutton, Braren, Zubin, & John, 1967) found that
the size of the AER could be enhanced by increasing stinulus uncer-
tainty. A prelimnary visual or auditory cuing stinulus was provided
and followed at intervals varying fromtw to five seconds by (1) a
click, or (2) either a click or a light. Subjects were instructed to
predict the nodality in which the latter mentioned stinulus would
occur. \hen the cuing signal was always followed by a click the re-
sponse anplitude was |ess than when the second occurring stimuli were

random zed and averaged separately. Still others report that the AER

anplitude can be increased by sinply having the subject count each
clickas it is presented (Goss et al., 1965, WIlliams et al., 1964).
The aforenmentioned nethods all have one point in conmon. They
involve the subject actively in a task which serves to focus his
attention on or during the presentation of a specific stinmulus. Pro-
cedures which require the active participation of the subject are of
little assistance when the person being tested cannot understand
essential instructions or will not cooperate. Unfortunately, when the

subject is passive during testing his vigilance and the anmplitude of



There is, however, limted evidence (Rose, 1967) whi ch suggests t hat
the anplitude of the AER can be enhanced even in sone passive adul ts.
Interestingly, individuals who purposefully feign a hearing
loss for such reasons as to avoid mlitary service or to gain nonetary
conpensation typically yield AER s which are much larger than the non-
nal i ngering subject (see Fgure 1). Explained using Sokol ov' s nodel

(Lynn, 1966), it woul d appear that the cortical sensitivity of a

nmal ingerer for tonal stimuli is especially enhanced when he is pre-
sented wth and hears auditory stinmuli which are bel ow his admtted
threshol d of hearing. It should be noted that whereas the nal i ngerer
is passive overtly the attention that he gives to auditory stinuli
whi ch are below his volitional threshold is probably high which nay
account for the heightened AER anplitude. Thus, the nalingerer m ght
be considered a special type of active subject.

Traditional ly, the nost effective classical conditioning pro-
cedure is when the conditioned stinuus (CS) is followed at an inter-
val of one second or |ess by an unconditioned stinulus (UCS) according

to Smth and More (1966). These witers also point out that the

si mul taneous presentation of the CS and the UCS is generally con-
sidered to be a poor conditioning program Rose (1967) observed, how
ever, that the sinultaneous presentation of stimuli was useful in
enhanci ng response anplitude in sone rare individual s w th nornal
hearing who failed to yield an AER even to intense auditory stiml a-
tion. By randomy pairing a visual and an auditory stinulus and
averaging only those trials in which the tone occurred al one auditory

AER s were easily observabl e at a sensation |evel of 10 dB.



Malingerer

tone Normal
on i

4 microvolts

160 msec

Figure 1. Conparison of AR froma nalingerer and a nor nal
subject for 2000 Hz at 20 dB HL. Negative is up.
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In sunmary, research indicates that the anplitude of the audi-
tory AER can be enhanced by having the subject performa conscious
task which is coincidental with stinulus onset. However, nost of those
tested using averaged el ectroencephalic audiometry (AEA) are passive,
i.e. they do not performa task which woul d cause themto increase
their attention to tone onset and thereby enhance their response.
Since the anplitude of the AER at |ow sensation levels is small in the
nonattending subject it is desirable to determne if it can be in-
creased so that visualization of it would be easier

Statenent of the Problem

The primry purpose of this study was to determine if the
anplitude of the AER to near threshold auditory stimulation could be
increased in passive adult subjects. Prelimnary investigation by the
witer and research reported by Rose (1967) suggested that the anpli -
tude of the auditory AER coul d be augnented when stinulation was at 60
dB to 80 dB SL. However, the response is generally large at high
sensation |evels and does not require enhancenent for easier visuali-
zation. The present study was interested in deternmning whether the
condi tions which were used to increase response anplitude at high sen-
sation levels would have a simlar fascillatory effect at |ower
sensation |evel s where the response is small and enhancement is needed
most for threshold determination.

Three experinental conditions were designed to inplement these
procedures and to determne if the anplitude of the auditory AER at 10
dB SL could be enhanced using independent groups of passive subjects.

The experinental conditions used were:
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1. For one condition onset of a light preceded tone presentation
by one second. The light was turned off one half second after
tone of f set.

2. Another experinmental condition consisted of random pairings of
a visual and an auditory stinulus.

3. Athird condition presented a noxious electrical shock after

tone onset according to a partial reinforcenment schedule.

The control condition for each group consisted of obtaining an aver-
aged auditory response at 10 dB SL. For this AER auditory stimuli were
presented alone

The experinental design permtted the follow ng questions to be
answered regarding the anplitude of the auditory AER

1. Are significant differences in the anplitude of the AER ob-
served between the control condition and the experinental con-
dition for Goup I, Il, or II1?

2. WIIl a stinulus programwherein a tone and a light are pre-
sented sinultaneously be legs effective in augnenting the
anplitude of the auditory AER than a classical conditioning
paradi gm such as when the auditory signal is presented after
light onset or when the tone is followed by a shock?

It was al so recognized that changes in the latency of the AER

conponents mght occur as a result of these experimental conditions.
Al though latency neasurements were made the primary purpose of this

investigation was in determning if response anplitude could be aug-
mented since this paraneter was nmost directly related to the diffi-

culty encountered in reading small AER s.



CHAPTER 1|

Review of Literature

The late AERw th which the present investigation was concerned
is continuous wth a response which occurs earlier intine. The pre-
cise point at which the early AERends and the late response begins is
arbitrary. So that the reader will be somewhat famliar with both
aspects of this response a brief sumary of studies related to the
early AERis presented. The najor portion of this reviewis devoted
to those factors which influence the anplitude and latency of the late
AER  Fnally, studies which present evidence show ng the rel ationship
| bet weenattention, which plays an inportant role in determning the
anpl i tude of the AER and yet another aspect of the brain's electrical
activity, the Gontingent Negative Variation (OW) are revi ened.

The Early AER

Qesler et al. (1958) were the first to report the presence of
an el ectroencephal | ¢ potentia which was evident approxi mately 12 nsec
after tone onset. Investigations at the Mayo dinic (B ckford,
Jacobson, & Cody, 1964; (ody & Bickford, 1965; Cody, Jacobson, V@l ker,
& B ckford, 1964) summarily dispatched this early waveformconpl ex as
bei ng nyogeni ¢ rather than neurogenic in origin on the basis of their
studies using high intensity auditory stimulation (90 to 120 dB H)
and an inion to earlobe el ectrode pl acenent. Mast (1965) pointed out
that this electrode pl acenent tended to enphasi ze nyogeni c infl uence

while mnimzing the el ectroencephal i c response to sensory stinul ation.
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In contrast, he indicated that the electrode placement at the vertex
and nmastoid, as used by Gesler (1960), mnimzed nuscle artifact and
was nmore favorable for the recording of the early cortical response.

In order to verify the origin of the early auditory response

Ruhm Wal ker, and Flanigin (1967) recorded the responses of adult
patients to clicks delivered at sensation levels of 40 and 110 dB.
The response was evident when measurements were taken directly from
the cortical surface, thus it was concluded that the early AER was
primarily of cochlear, not muscular origin.

The Late AER

An exanple of the late AER to auditory stinulation for an adult
at 80 dBand at 10 dB SL is presented in Figure 2. A though as many
as nine separate conponents have been identified in this waveform

(Keating, 1969) only three of the conponents have been reported to

occur with regularity (Davis, Mast, Yoshi, & Zerlin, 1966; MCandl ess
& Best, 1966; MCandless & Lentz, 1968b; Price, Rosenblut, Coldstein
& Shepherd, 1966; Rapin, Shimmel, Tourk, Krasnegor, & Pollack, 1966;
Rose & Ruhm 1966; Suzuki & Taguchi, 1965; Teas, 1965). These are
N1, P2, and N2 which have latencies of 100, 170, and 285 msec,
respectively at 80 dB SL in Figure 2.

Response Criteria

The need for guidelines which can be used to assist in reading
responses arises fromthe observation that not all waveforns represent
the response of the systemto auditory stinulation. The process of
signal averaging does not entirely elimnate the nuscular and electri-

cal artifact picked up by the electrodes. The problemthen is in
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\ 380
/
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tone 600 msec

Figure 2. AER for normal hearing adult at 10 dB and 80 dB SL
for 2000 Hz. Negative is up.

12
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deci di ng whet her the waveform seen has characteristics which are
simlar to those observed for the BEG response to auditory stinulation
or whether the waveformis artifactual. The guidelines used by Rose
and Ruhm (1966) to identify the late AERin adults were:
1. Conponents exceeded 1,6 microvolts. This value represented
the average noise levels found in a silent run.
2. The waveformconsi sted of a negative, positive, negative com
plex. The first conponent was the nost negative point after
40 nmsec. The second conponent was the nost positive point
after conponent one. The final conponent was the nost nega-
tive peak after conponent two.
Price (1969) pointed out that the nmost inportant and yet the noat sub-
jective phase of AEA is the determ nation which separates a "response"

from"no response.” |If the anplitude of small or equivocal AER s

could be sufficiently enhanced the probleminvolved in making this
di stinction woul d be di mnished.

Factors Wiich Affect the Anplitude and Latency of the AER

Since the present study was interested in augnenting the anpli -
tude of the late AER a discussion of those factors which have been
found to affect this paraneter is found in the follow ng portion of
the reviewof literature. Sutton (1968) has indicated that research
relating to cortical potentials always involves three basic classes of
vari abl es whi ch occur simultaneously. These are physical, physiologi-
cal, and psychol ogi cal events. A though these factors are closely
interrelated they will be divided into two categories, physical events,

i.e. intensity, and psychophysi ol ogical events, i.e. hypnosis, for
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this presentation.

Physi cal Events

Physi cal events concern those factors which are related to the
modi fication of stinmulus parameters and the transm ssion of data.

Intensity. The anmplitude of the AER is generally l|arge enough
at high intensities that it does not need to be enhanced for easier
visualization. However, as sensation level is lowered the anplitude
of the response dimnishes. Because of this difficulty my be en-
countered in determning whether a pattern is actually a response due
to its small anplitude at near threshold intensities.

Measurement of the peak to peak anplitude of conponents NI to
P2 by several investigators (Davis et al., 1966; Davis & Zerlin, 1964,
1966; MCandl ess & Lentz, 1968b; Suzuki & Taguchi, 1965) indicated

that the anplitude of the AER increased in a roughly linear manner as

intensity was increased. Davis and Zerlin (1966) for instance, found
that an increase of approxinmately 25 dB was required to double AER
voltage. Additional evidence has suggested that the amplitude of the
AER to pure tone stinmuli does not increase at hearing |evels above 75
dB (Roeser & Rose, 1967). Rapin and others (1966) reported that the
anplitude of the response grew somewhat nore irregularly when clicks
were the stimulus as opposed to the nore linear growth observed with
pure tones.

There is disagreement concerning the interaction of intensity
with the latency of the response components. Davis et al. (1966)
found essentially no difference in the peak |atencies measured at 20

dB and 75 dB HL al though they did suggest that a slight prolongation
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nmay have occurred at threshold. MCandless and Lentz (1968b), how
ever, observed an average decrease in |atency of 20 nsec for Pl, 52
nsec for N1, and 65 nsec for P2 when stimulus intensity was changed
from60 dBto 15 dBH. in adults. The variability in latency at 60 dB
SL was considerably less than that noted at lower levels. It was sug-
gested that this finding nay have been partly related to the problem
of assigning a precise latency to responses at near threshold intensi-
ties due to the plateauing of the conponent peaks. Rapin et al. (1966)
found that the latencies of the AER conponents failed to increase as
sensation | evel was decreased when clicks were used in contrast to a
definite prol ongati on when pure tones were the stinmul us.

Intarstimulus interval. Froma clinical standpoint it is

desirable to obtain a naxi numanount of data in a mni mumlength of
time. WValter (1964) has observed, however, that when two stimuli in
the sanme nodality are systenatically presented closer together in time
the anplitude of the second response gradual |y decreases. He found
that the second response could not be seen when the interval between
stinmuli was 100 to 200 nsec suggesting that the systemmedi ating the
response was in a refractory state.

Wsi ng clicks MCandl ess and Best (1964) were unable to observe
an increase in the anplitude of the AER conponents with intervals of
two seconds or |onger between stimuli. Anarked reduction in anpli-
tude was noted with intervals of less than two seconds, Davis et al,
(1966) studied this relationship at 85 dB H. using tone pips. They
found that maxi mumanplitude was achieved with intervals of 10 seconds

or longer. The average anplitude of NL to P2 with an interstimlus
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interval of one second was eight mcrovolts which was approxi mately
75% smaller than that measured with a 10 second interval. It was
concluded that when a short tenporal separation existed between tones

an interaction between the first and the second response occurred

which was detrimental to the anplitude of the first response. Nelson
and Lassman (1968) al so observed an increase in the anplitude of Nl to
P2 as interstinmulus interval was increased from0.5 to 10 seconds at

60 dB SL. The anplitude of their responses were consistently snaller

and exhibited a more gradually rising function with an increase in in-
tensity than was reported by Davis et al. (1966). These differences
were attributed to the use of different intensities.

Nel son and Lassman (1968) also noted that the |atency of P. and
N1 was not affected by intervals between stimuli ranging from0.25 to
10 seconds. In contrast, an increase in the latency of P2 and N2 was

observed as interstinulus interval was increased.
Tone duration and rise time. Before the experience of hearing

can occur an acoustic stinmulus nust be on for a critical period of
time. This ontime is related to both the rise time and the duration
of the stinulus. As the follow ng data show, the anplitude of the AER
is also influenced by the duration and rise time of the acoustic
signal

Oni shi and Davis (1968) used durations ranging from0 to 300
nsec and rise tinmes of 3 and 30 msec at 1000 Hz. At 45, 65, and 85 dB
HL maxi mum anplitude of the NI to P2 conplex was attained when a rise
time of three msec and a duration of 30 msec was used. Rise tinmes of

30 msec having only a duration which enconpassed the rise and fal
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cycle were as effective ineliciting an AER as those signals wth nea-
sureabl e durations. R se tines in excess of 50 nsec resulted in a
denunition of the response anplitude. A 45 dB H. the latency of NL
reveal ed a gradual prolongation as rise tine was changed from3 to 50
nsec. Wth still longer rine tines the latency of NL i ncreased
nar kedl y.

MCandl ess and Best (1966) observed that the average |atency of
NL, P2, and N2 for click stimuli was shorter than that for pure tones.
For exanple, latencies at 50 dB SL were longer by 30 nsec for N, 50
nsec for P2, and 75 nsec for N2 when a pure tone was used than when
the stinulus was a click. Smlar findings are reported by Rapi n et
al. (1966).

Qder of stinmulus presentation. FRapin (1964) observed that

threshol ds were lower in children when stimuli were presented in a
descendi ng intensity order than when an ascending intensity protocol
was used. She did not quantify this observation, however. A though
others have failed to confirmher finding (Henry & Teas, 1968;
MCandl ess & Best, 1964; MCandl eas & Lentz, 1968b) Price (1968)
stated that response anplitude was optinal when stinul us paraneters
were altered often during testing. He suggested that changes in fre-
guency and intensity be nade for each successive average and that the
ear being tested be alternated regul arly.

These results suggest that al though attenpts have been nade to
augnent the anplitude of the AER by changing one or several stinmulus
paraneters frequently during testing the effect is generally mninal.

Drect vs telenetered recordings. As a general rule EEG
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activity collected at the scal p el ectrodes has been passed by wres to
ananplifier. Recently, however, interest has been shown i n determn-
ing the efficacy of EMtelenetry in transmtting these data thus
elimnating the direct coupling of the patient to the anplifier
(Jerger & Gl den, 1968; Lentz & MCandl ess, 1970; Mbore & Reneau,
1968; Reneau & Mast, 1968). S nce a response havi ng naxi numanpl i t ude
at threshold is desired it is inportant that the influence these pro-
cedures have on this characteristic are known.

After obtaining threshol ds on twel ve subjects using tel enetry
and direct recording procedures More and Reneau (1968) reported that
they were unabl e to distinguish any differences in the anplitude of
the responses. Smlar results were reported by Lentz and MCandl ess
(1970) for infants.

Psychophysi ol ogi cal Events

Thi s category enconpasses those factors which influence the
behavi oral status of the subject and/or his physiol ogi cal processes,
i.e. the effect of hypnosis on the anplitude of the AER

Hectrode placenent. The location of the el ectrodes on the

scalp has a direct relationship to the anplitude of the AER Mbst
investigations have reported that the AERto auditory stimulation was
| argest when neasured at or near the vertex (Davis et al., 1939; Lanb
& G aham 1967; MGandl ess & Best, 1964; Teas, 1965; Vélter, 1964,
Wllians et al., 1964).

Wl ter (1964) conpared the anplitude of auditory, visual, and
sonat osensory responses obtai ned from el ectrodes positioned at the

vertex and left nmastoid to the AER obtained with el ectrodes pl aced at
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the left occiput and left mastoid. The averaged responses were 20%to
75% | arger when an el ectrode was at the vertex than when it was at the
occiput. Simlarly, Lamb and Graham (1967) reported that the AER nea-
sured when electrodes were at the tenporal area was smaller than when
el ectrodes were placed at the vertex and mastoid. Cbservations made
earlier by Davis et al. (1939) inregard to the individual unaveraged

responses are in agreenment with these data.

Wike vs sleep. Mny infants and young children go to sleep

spontaneously during AEA. The effect that sleep and wake states have
on the anplitude of the AER has not been clearly substantiated as the
studies reported in this area indicate.

Onitz, Rtvo, Carr, La Franchi, and Walter (1967), for exanple,
found that the anplitude of conponent N2 was largest during a five
mnute period inmediately preceding and follow ng sleep onset in adults
and children. Wthin the first five mnutes after sleep began the
anplitude of N2 decreased. These witers concluded that the stage of
sleep had less effect on the anplitude of N2 than going fromwakeful -
ness to sleep. Contradictory results are presented by Wlliams et al.
(1964). They observed an increase in the anplitude of P1 and N2 with
the onset of sleep. The anplitude of P2 and N1 decreased, however.

Results of investigations by Wllians et al. (1964) suggest
that rapid eye movement sleep produces highly variable anplitudes and
| atenci es whereas other states of sleep are characterized by greater
stability in these parameters. Qhers have noted that active |ow

vol tage sleep yields fewer responses than quiet high voltage sleep

the latter being preferential for performng AEA (Davis & Onishi,



1968; Rapin & Gaziani, 1967)

Hypnosis. Attenpts have al so been nade to enhance the anpli-
tude of the AER through hypnotic suggestion. \Walter (1964) reported
that sonme hypnotized subjects yielded an unusually large response to a
tone when they were told that it would be especially powerful.

Clynes, Kohn, and Lifshitz (1964) observed a reduction in the
anplitude of the visual AER in an adult placed in a deep hypnotic
trance. The subject was told to focus his attention on an object
other than the light flash. These findings could not be replicated
usi ng anot her subject who was placed in a medium hypnotic state.

Shagass and Schwartz (1964) failed to observe a change in the
somat osensory AER using hypnotic suggestion. Simlar findings were
reported by Beck, Dustman, and Beier (1966) using visually elicited
potentials.

The use of druns. Shepherd, Wever, and McCarren (1968) denon-

strated that novenent of the electrode wires during conventiona
recordi ng caused a high voltage noise to be generated which obliterated
the smaller electroencephalic potential. In children where nmovenent
Is often a serious problemthe electrical and nyogenic artifact result-
ing could hinder the interpretation of the results. Thus, it is
sonetimes necessary to place the subject into a drug induced sleep for
testing. The investigations reported bel ow suggest that the drug used
to place the subject into a sleep state should be selected with cau-
tion since many depress or obliterate the late AER

Al l'ison, Goff, Abraham an, and Rosner (1963) observed the

somat osensory response of subjects who were scheduled for non-
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neurol ogi c surgery. Preoperative admnistration of 100 to 150 ng of
Seconal and 0.5 to 0.6 ng of Atropine had "variable" effects on the
|ate AER after 110 nsec. \When Pentothal was adm nistered for anes-
thesia the late conponents of the AER were abolished. Investigation
by Davis and Onishi (1968) and Rapin and Gaziani (1967) reported that
the late auditory AER could not be observed when Pentobarbital was
adm ni st er ed.

Dom no (1967) studied the effect that four drugs which are used
as general anesthetics have on the early and late visual AER  Mnkeys
having inplanted el ectrodes at several locations in the cortex and
subcortex were used. He found that the late response was abolished
when the animals were placed in a state of deep general anesthesia
using Diethyl Ether, Cyclopropane, Methoxyflurane, or Thianylal Sodi um
Wnters et al. (1967) present data show ng that when cats were placed
ina state of general anesthesia the anplitude of the auditory evoked
potential recorded at the reticular systemand the |ate AER (after 30
msec) recorded fromthe ectosylvian gyrus were reduced or abolished
with all but one of the drugs used. When Pentobarbital, Hal othane, or
Et her was used the responses at these |ocations disappeared. N trous
Oxide resulted in a reduction in the anplitude of these responses. In
contrast, admnistration of Gamma- Hydr oxybutyrate augnented the anpli--
tude of the response evoked by auditory stimulation. These findings
show that the anplitude of the late AER neasured at the ectosylvian
gyrus is dependent on the integrity of the reticular formation. In
this respect their data are in agreenment with those presented by

French et al. (1953). These investigators also observed that a
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reduction in EEC anplitude at the reticul ar systemwas accomnpani ed by
a decrease in the anplitude of this activity at the cortex (French et
al ., 1953).

Chloral Hydrate and Chl orpronazi ne al so act on the central
nervous system (Pfeiffer & Murphree, 1965). However, research by
Price and Gol dstein (1966) and Rapin, Gaziani, and Lyttle (1969) have
suggested that these drugs do not depress the anplitude of the late
auditory AER

These, investigations indicate that when the subject being
tested by AEA nust be placed in a drug induced sleep that Chloral
Hydrate or Chlorpronazine are the drugs of choice to avoid depressing
or obscuring the late auditory AER Additional research regarding the
possi bl e enhancitory effects that Gamma- Hydr oxybutyrate has on the
| ate AER should be initiated.

Rel ati onshi p of Threshol ds by AEA to Behavi oral Audi onetry

Many have attenpted to determne the accuracy w th whi ch AEA
can estinmate the sensitivity of the peripheral auditory nechani sm
The results of this research are reported as they relate to adults,
children, and infants.

Testing the Auditory Sensitivity of Adults

Suzuki and Taguchi (1965) reported that 70%of the adults they
tested using AEA yiel ded responses within 10 dB of their behavi oral
threshold. At 20 dB SL all subjects produced a recogni zabl e AER
McCandl ess and Lentz (1968a) found correlations ranging from0.82 to
0.99 between the behavioral and AEA threshol ds obtai ned for nornal

hearing adults and those having slight auditory inpairments. Subjects
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who were feigning a hearing loss yielded consistently |ower responses
usi ng AEA than when vol untary procedures were enpl oyed, the average
difference being 48.3 dB. It was concluded that the cl ose agreenent
between the |lowest AER s and the behaviorally established threshol ds
on adults indicated that the forner procedure could be used w th con-
fidence to estinate the auditory sensitivity of nalingerers. Snilar
findi ngs have been reported by Goldstein and Price (1966).

These data suggest that the enhancenment of AER anplitude woul d
be needed in only a small percentage of adults since current AEA pro-
cedures yield responses whi ch have adequate anplitude at near threshold
levels innmost adults. However, the anplitude of the response at
threshold is very small and difficult to distinguish even for the
experienced examner. Thus, a slight increase in this anplitude woul d
facilitate visualization of the threshold AER in adults. Froma
practical point of view AEA is sel domnecessary with adults since in
nost instances adequate infornation can be obtai ned using far sinpler
and | ess time-consum ng procedures.

Testing the Auditory Sensitivity of Children

In 1949 Marcus, G bbs, and Gbbs predicted that with adequate
refinement EEG audi ometry woul d be useful in evaluating the peripheral
hearing sensitivity of children. The najority of investigations since
that tine have found that threshol d obtai ned by AEA and behavi or al
audi orretry agree within 10 dB in over 50%of the children tested
(Beagl ey & Kni ght, 1966; Davis, 1966; Davis, Hrsh, Shelnutt, & Bowers,
1967; Davis & N enoel l er, 1968; Davis & Onishi, 1968; ol dstein,

Kendal |, & Arick, 1963; MCandl ess, 1967; Price & Gl dstein, 1966;
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Rapi n, 1964). The cl osest agreenent between threshol ds obtai ned using
AEA and behavi oral audi ometry has been reported with the deaf.

Davis et al. (1967), for instance, found that of 162 deaf and
hard-of -hearing children tested at age four to ten years 119 or 73%
yi el ded responses by AEA which were within 2.5 dB of their behavioral
thresholds. nly 7%of those tested obtai ned behavi oral threshol ds
whi ch were nore than 10 dB lower than their AEA thresholds. Earlier
evi dence presented by Davis (1965, 1966) had suggested that AEA was a
highly satisfactory neans of assessing auditory sensitivity in the
deaf. It should be pointed out that since these children were old
enough to pernit behavioral testing the need for using AEA was mini ral .

M Candl ess (1967) tested twel ve children ages three to seven
years. Al but one of those tested had significant hearing inpair-
nments. He reported that 72%of the responses obtai ned by AEA were
within 10 dB of the behaviorally established threshol ds.

Qhers have reported nmore conservative results (Suzuki &
Taguchi, 1965, 1968). None of the normal one to six year olds tested
by these investigators yielded an AERat 5 dB HL and only 13%re-
sponded at 15 dB HL.. Responses were seen at 25 dB H. in 67%of those
tested (Suzuki & Taguchi, 1968). No attenpt was nade to obtai n beha-
vioral results, thus these percentages cannot be conpared directly
with those studies who obtai ned both AEA and behavi oral threshol ds.
In testing a slightly ol der group of nornal children ages six to ten
years conpari sons were made between AEA and behavi oral threshol ds.

Al though only 8% yielded AER s at 10 dB SL, 58%produced responses at

20 dB SL and 91%yi el ded a response at 40 dB SL.
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These results indicate that a greater need for augmentation of
the AER anplitude exists in young children then in ol der subjects.

Testing the Auditory Sensitivity of Infanta

Behavi oral techni ques which require the cooperation and the
participation of the subject are not applicable to infants. Yet an
accurate estimate of their peripheral auditory sensitivity is desirable
especi al |y when a hearing inpairnent is suspected. The degree to
whi ch AEA provides this type of infornation is somewhat controversi al

Rapi n and her associates (Rapin & Bergnan, 1969; Rapin &

G aziani, 1967; Rapin et al., 1969) have contended that ABA is a power-
ful tool for assessing the acuity of the peripheral hearing nmechani sm

and hi gher auditory pathways in infanta. The majority of their data

indicate that the |owest responses by AEA were at 40 dB to 45 dB H
for normal infants. Confirnation of these findings was reported by
Lentz and McCandl ess (1970) who tested premature and nornal infants
ages one, three, six, and twelve nonths. At one nonth of age the | ow
est response by AEA averaged 43 dB HL for infants with normal birth
wei ghts (>2500 grans) as conpared to 59 dB HL for a prenature group
(<2500 granms). At three nonths infants wei ghing |ess than 1500 grans
at birth yielded their lowest AERat 60 dB H. in contrast to 40 dB H
for those having higher birth weights. Results at six nonths reveal ed
only slight differences yet the |owest response for all groups ave-
raged 40 dB HL. Behavioral difficulties encountered with the subjects
tested at twelve nmonths resulted in slightly higher average responses
than were observed at six nonths. Since it was inprobable that nore

than five per cent of those tested had hearing |osses it woul d appear
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that AEA tended to underestinate the peripheral auditory sensitivity
in a high percentage of the infants tested

Lowel I, Goodhill, and Lowell (1968) | ooking back over a decade
of research in AEA comrented that its value was probably overestimnmated
originally in regard to the accuracy w th which thresholds coul d be
estimated in young children and infants using this procedure.

These investigations indicate that the enhancenent of response
anpl i tude woul d be hel pful in essentially all tests involving infants
in order that the |owest response obtai ned by AEA woul d nore cl osely
reflect the potential of their peripheral hearing mechani sm

Attention, Learning, and the QW

To this point the discussion has been in regard to the influ-
ence that different factors have had on the anplitude of the late
auditory AER  Sone of the topics presented in this section, i.e.
sl eep and hypnosi s, have a common effect; they nodify the subject's
ability towllfully attend to the stinulus used to obtain the AER
As pointed out in Chapter | and in this chapter the attention that the
subj ect gives to the stinulus can nodify the anplitude of the AER
Sone feel that additional insight into the relationship between atten-
tion, learning, and the electrical activity of the brain can be gai ned
frominvestigati ons whi ch have observed an averaged potential terned
the contingent negative variation by Vlter (1964).

The ON\V is described as a slowy rising, negative dc potential
occurring between the presentation of two stimuli. Snce this poten-
tial develops rather slowy the duration between the first and the

second stimlus has generally been one second or longer. This
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waveformwas originally reported by Wl ter (1964) and is, he feels,
related to the excitability cycle of the brain. The origin of the QW
has been attributed to the depolarization of the cortical dendritic
structure (Low, Borda, Frost, & Kellaway, 1966; Mukhina, 1969;

Wl ter, 1964; Walter, 1968) beginning after the presentation of the
initial stimilus and ending after the presentation of the second
stinul us.

When two stimuli are initially associated the ONV can be ob-
served during the first few pairings. However, unless the subject is
required to respond in sone nmanner to the second stimulus the ONW will
di sappear (Cohen & Wl ter, 1966; Lowet al., 1966; Walter, 1968). The
anplitude of the O\ has al so been found to di mnish narkedly when the
subj ect becomes bored or tired (Cohen & Vlter, 1966). However, when
the second stinulus acquired special significance, i.e. the subject
responded to its onset, the anplitude of the O\ was restored to naxi-
mum (Cohen & Wl ter, 1966; Low et al., 1966; Hllyard & Gal anbos,

1967; Walter, 1968).

The inportance of nental set or readiness to respond is also
illustrated by the follow ng exanple. Wen the subject was told in
advance that the second stinulus would not occur the G\ failed to
devel op whether or not it was presented. Reciprocally, when the sub-
ject was informed that the UCS woul d be presented when in fact it
woul d not occur the O\ was observed (Low et al., 1966; Walter, 1968).

According to Low et al. (1966) and Walter (1968) the anplitude
of tha O\ could be rmaintained at maxi numwhen the probability of

associ ati on between the CS and the UGS was no |ower than 70%to 75%
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In contrast, HIllyard and Gal anbbos (1967) found that the QW anplitude
was unaf f ect ed when the second stinmulus occurred as infrequently as
50%o0f the tine.

Vél ter (1968) suggested that the QW reflected a state of readi -
ness by the cortex to execute a notor response. This assunption was
based on the observation that reaction tine was shorter when the QW
was formng. Waszak and (orist (1969) suggested that the use of a
constant interval between the CS and the UCS coul d account for the de-
crease inreaction tine due to anticipation. In an attenpt to mnimze
the influence of this factor two tones having different pitches were
used for the UCS. Half of the subjects were instructed to respond to
the high pitched tone and the other subjects were told to respond only
when the [ow pitched tone was heard. S nce presentation of these
tones was randonmzed the subject had no way of know ng when a response
woul d be required. Wsing this procedure it was observed that the
fastest reaction tines were associated with the largest QW s.

It would seemunlikely that this experinental design entirely
elimnated the factor of anticipation. A though the subject woul d not
know whet her a response woul d be necessary it was probabl e that upon
presentation of the CS a high state of readiness existed. This readi-
ness, or set has been shown to decrease reaction tine (Véiss, 1959;

Vél ter, 1964).

nly one investigation has sought to determne the applicability
of the O\V to the neasurenent of auditory threshold. Pollack (1967)
presented a tone and light, in that order. This sequence was repeated

and the intensity of the tone systenatically lowered until the QW was
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no longer present. The hearing level of the tone at which the OW
di sappeared corresponded to within 10 dB of behavioral threshold in
the mpjority of adult subjects tested.
Overvi ew

In Chapter Il studies have been cited which indicate that AER
anplitude can be altered by nodification of either physical and/or
psychophysi ol ogi cal events. However, the proper selection of stinmulus
paraneters coupled with a favorable behavioral state still yields a
response at or near threshold which is not easily visualized in nost
subjects. To expect a large response to threshold stinulation in
ol der subjects who have conpletely devel oped central nervous systens
Is contrary to physiologic principles. Simlarly, it is not surpris-
ing that those with central nervous systens still undergoing major
devel opnent (infants and children) yield their smallest AER at higher

sensation |evels.

The evidence presented in Chapter | indicates that augmentation
of response anplitude is possible in active subjects. However, nost
of those who are tested using AEA are passive, i.e. young children and
infants. |f response anplitude could be increased as much as 30%in
these subjects the visualization of the response at near threshold
| evel s woul d be much easier. This would enable a nore accurate
apprai sal of threshold sensitivity to be nmade than is now possible in
infants and young children using AEA. The current study was designed
to determne if the AER could be augnented using adults. This invest!-
gation served as a procedural model fromwhich the techniques used
m ght be extended to other groups where response enhancenent is needed

most .



CHAPTER |11

Subj ects and Procedures

Subj ect s

Twent y- seven adul ts having nornal hearing at 1000 Hz (no poorer
than 15 dB HL) were randomy assigned to one of three groups. Each
group contai ned ni ne persons. These individuals were selected from
anong the faculty and students at the University of Wah and ranged in
age from 18 to 46 years.

Procedur e

A single Becknman silver/silver chloride el ectrode was situated
at the vertex on an interaural plane and attached with Gass el ectrode
crene. A reference electrode was placed at the right nastoid with a
ground el ectrode at the forehead. These el ectrodes were coated with
Beckrman gel and were held in place by an adhesive collar. The scalp
| ocati ons were washed with al cohol prior to seating of the el ectrodes.
Interel ectrode resistance was mai ntai ned bel ow 10k ohns.

Subj ects were tested in a single walled sound treated room
located in a quiet area of the University of Wah College of Medicine.
The noi se levels averaged 27.5 dB as neasured using the "A' scal e of
the Bruel and Kj oer Sound Level Meter (Mdel 2203). The subjects were
told to refrain fromnoverent and to keep their eyes open during test-
ing. A five mnute break was taken between each of the three condi -

tions adm nistered to each subject. Since sone of the test conditions

enpl oyed light flashes the test roomwas not lighted directly, but
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gained its illumnation froma single wndow partially covered by a
thin sheet of translucent white paper. This al so prevented the sub-
ject fromobserving events occurring wthin the control area.

Simlus Program

The auditory stinulus consisted of a 1000 Hz tone generated by
a Hew ett-Packard Audi o-Gscil lator (Mbdel 200 ABR). R se tine of the
signal was 10 nsec as controlled by a Gason-Sadler Hectronic Satch
(Mdel 829C). ODuration of the auditory stimulus was 250 nsec. This
paraneter was controlled by a Gass Sinmulator (Mdel S 4). Sgnals
were delivered to the left ear by neans of a TDH 39 earphone. Using
this equi pnent voluntary threshol d was determned for each subject.
Threshol d was designated as the |owest hearing level at which two of
three tones were heard.

Misual stinulation was provided by one of three conventional 40
watt bul bs colored red, orange, or blue. These lights were nounted on
a gray wal | approxinmately 28 inches in front of the subject and sepa-
rated laterally by 12 inches.

The shock stinulus was generated by a Gass Sinmulator and had
a duration of 500 nsec. The shock el ectrodes were taped to the index
and ring finger of the left hand after they were prepared with a
sal i ne sol ution.

The interval between each sequence of stimuli was three seconds
for all conditions (see Fgure 3). Masurenent of this interval was
fromthe offset of the final stimulus in a given sequence to the start
of the first stimulus of the follow ng sequence, i.e. for the control

averages only a tone was presented and the interval between tones was
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Group I
Light [W N
Tone r] H
Pulse n ”
Group IL
Light **J_—__' | l.
Tone [_I l—‘
Pulse n ﬂ
Group IIL
Tone I_l : J'_l
Shock m | 1
Pulse ﬂ n
|
1l sec

- Figure 3. Tenporal sequence of stimuli for the experinental
condi tion adm nistered each group. The pulse triggered the conputer
to begin averaging data for one second.
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three seconds. The tenporal presentation of stinmuli was controlled by
two Grass Stimulators working synchronously

Experimental  Conditions_

Goup |

Auditory and visual stinmuli having durations of 250 nsec were
presented sinultaneously for the first five trials. The intensity of
the auditory signal was 10 dB SL. Subsequent pairings of these stimul
occurred according to a 40%randomreinforcenent schedule. Color of
the light flash was blue. A total of 80 trials was adm nistered
Thirty-two of these trials contained paired stinuli. Averaging was
performed only for the remaining 48 trials in which the auditory sig-
nal occurred alone. As nentioned earlier, Rose (1967) used this pro-
cedure to elicit AER s to auditory stimuli which had theretofore
proven ineffective in producing a response.

It was previously pointed out that conditioning was generally
mni mal or nonexistent when the CS and the UCS were presented sinul-
taneously. It was proposed that the uncertainty created by random z-
ing the presentation of the paired and single stinulus conditions
woul d, however, prolong attention and thereby result in larger AER s
for the auditory signal than when this programwas not enployed.
Goup Il

A light flash having a duration of 1750 msec was presented in
association with each auditory stinmulus. The auditory signal was pre-
sented at 10 dB SL. (Onset of the tone occurred one second after
initiation of the light. Color of the light flash was random zed

anong red, blue, and orange. Forty-eight trials were adm nistered.
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In contrast to the preceding condition the alignment of stinuli
inthis treatnment were nore favorable to the formation of a condition-
ing bond. In classical conditioning the CS and the UCS presentation
general |y does not overlap tenporally. However, it was hoped that the
presentation of the tone within the duration of the light would tend
to prolong the orientation of the subject's attention. The conbine-
tion of color and spatial change was an attenpt to counteract adapta-
tion to the visual stimulus. Prelimnary investigation suggested that
the peak to peak anplitude of N1 to P2 could be increased from20%to
95% in sone passive adults using a simlar stinmulus program These
initial observations were made at 80 dB HL in order that the single

unaver aged responses could easily be visualized fromthe ongoing EEC

activity.
Goup |11
For this experinmental condition auditory stimulation was fol-
| owed by admi nistration of a noxious shock stimulus at an interval of
600 nsec according to a 40%random reinforcement schedule. The tone
was presented at 10 dB SL. Forty-eight trials were admnistered
Intensity of the shock was increased until the subject indi-

cated that it was quite annoying, but not painful. Shock intensity

remained at this voltage for four presentations. On the fifth shock
the voltage was increased by 10 volts. Voltage was systematically in-
creased by this amount followi ng each series of four shocks in an
attenpt to counteract the influence of adaptation to this stinulus.
The tone was presented first in order that it mght becone a

strongly conditioned alerting cue for the shock. It was proposed that
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this sequence would give the auditory stimulus greater significance
and thereby result in larger AER s than those whi ch would be observed
for the control condition. Wilization of a randomand a parti al
rei nforcenent schedul e was expected to prolong any enhancitory effect
that this condition mght have on response anplitude. Investigation
initially had suggested that the anplitude of the auditory response
could be increased by at |least 25%in those tested when a shock was
presented follow ng auditory stinulation. Rose (1967) reported sini-
lar facilitory effects using a shock stimulus. ,

Control Condition

Averaged auditory el ectroencephalic responses for each subject
were obtained at sensation levels of 20 and 10 dB. The averaged re-
sponse at 10 dB SL was used as the basis for judging anplitude dif-
ferences with the auditory AER for the experinental condition. The
response at 20 dB SL was used to assist in designating the conponents
of the average at 10 dB SL. The order in which the experinmental and
the control averages were obtai ned was counterbal anced across subjects
for each group.

Recordi ng and Storage of Data

EEG activity picked up at the electrodes was fed into a G ass
Preanplifier (Mdel 7plA) where it was anplified and nonitored. The
signal was then directed to an Anpex Magnetic Tape Recorder (Mdel
SP-300) for storage. A trigger pulse was stored on a separate channel
at the tine of tone onset so that the data could be retrieved for

averaging later.
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Averaging of Data

Due to the presence of 60 Hz electrical artifact in sone of the
records the data stored on nagnetic tape was directed through a 60 Hz
filter. BEEGactivity was subsequently fed into a Fabri-tex 1062
Sgnal Averager for the averaging of waveforns. The averaged responses
were plotted on graphic paper by a Hew ett Packard XY Recorder (Mbdel
7035B) for the final anplitude and |atency neasurenents. A block di a-
gramof this instrunentation is shown in Hgure 4.

Anplitude and Latency Measurenent s

Anpl i tude neasurenents were nade fromthe peak of conponent NL
to the peak of conponent P2. NL was defined as the nost negative com
ponent occurring after 50 nsec. P2 was defined as the nost positive
conponent after NL.

Lat ency neasurenents were nade for these conponents and when
possi bl e al so for conponent N2. Measurenent of N2 was often difficult
due to the fact that one stimulus in a sequence either created an off
response, i.e. light for Group Il, or an on response, i.e. shock for
Group IIl, at or slightly after N2 occurred. For this reason N2 was
defined as the most negative component after P2 occurring prior to 500
msec and thus before offset of the light or onset of the shock.

Calibration of Instrumentation

The intensity of the 1000 Hz tone was calibrated according to
the reference levels established by the International Standards Organi-
zation (Davis & Kranz, 1964) using a Bruel and Kjoer Sound Level Meter
and artificial ear assemnly.

Gain of the anplifying systemwas calibrated using square wave
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pul ses generated by a Grass Square Wave Calibrator (Mdel 1B). A
trigger pulse froma small programmer was directed to one channel of
the tape recorder and the square wave calibrator. The square wave
generated by the calibrator was fed through the preanplifier and sub-
sequently stored on anot her channel of the tape recorder. These wave-
fornms were then directed through the 60 Hz filter and on to the
Fabri-tex for averaging. The anplitude of the averaged square waves
was neasured in mllineters and converted to their appropriate mlli-
volt values. Calibration was performed daily.

Statistical Analysis of Data

Conparisons involving the differences between three means were
tested for significance using a fixed effects, one way analysis of
variance. The t test for matched pairs was used to determne signi-
ficance when only two means were to be conpared (Hays, 1963).

In sunmary, the present study was designed to investigate the
possibility of augnenting the anplitude of the late AER in passive
adults. Three different experimental conditions were admnistered to
separate groups of subjects. It was suggested that the visual and the
shock stinmuli which were presented in relationship to the auditory
stimulus would tend to: (1) focus the subject's attention during pre-
sentation of the tone, (2) prolong his attention by changing col or of
the visual stimlus, or (3) give the tone special significance such as
when it was followed by a shock.

In the follow ng chapter the results of this study and a dis-

cussion of their relevance are presented.
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CHAPTER |V
Resul ts and Di scussi on

The primary purpose of this investigation was to determ ne
whether the anplitude of the AERto auditory stinulation at 10 dB SL
coul d be enhanced in passive adults. Three groups of subjects were
each admnistered a different experimental condition. These were:

1. For Goup | avisual and an auditory stimlus was presented
sinul taneously for 32 of 80 trials. Only the auditory stimul
whi ch occurred alone for 48 of the trials were summed. The
order of the conbined and the single stinulus presentations
were random zed and only the unpaired auditory trials were
averaged.

2. For Goup Il alight was presented one second prior to tone
on#et and was turned off one half second after tone offset,
Col or of the visual stimlus was random zed. Averaging was
initiated at the onset of the auditory stimulus for each of
the 48 trials.

3. For Goup Ill an auditory stimulus was fol | owed by a noxi ous
shock for 40%of the 48 trials. The order in which the shock
reinforcement was applied was random zed. Averaging was for
the auditory stimulus only.

To mnimze confusion which mght arise from associating the wrong
group and treatnent the experinental condition for each group varn

identified in the follow ng manner. Since a tone and a light were
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sometimes presented sinultaneously for Goup | their experinmental con-
ditionwas identified by the letters "STL" (sinultaneous tone and
light). Goup Il was identified by the abbreviation "T in L" since
the tone was presented during a visual stinulus which preceded and
exceeded the tenporal presentation for the tone. The letters "TS"
were used to identify the experimental condition for Goup Il since
these subjects received a shock after presentation of the tone.

The results are presented and discussed in two sections: (1)
those pertaining to the anplitude of the AER and (2) those relating to
the latency of the AER conponents.

Anmpl i tude Conparisons

In Chapter IIl it was pointed out that the control AER at 20 dB
SL was obtained only to serve as a reference for designating the com
ponents of the response at 10 dB SL should the need arise. Previous
research has shown that response anplitude grows in a roughly Iinear
manner as intensity is increased (Davis et al., 1966; Davis & Zerlin
1964). In view of this anplitude conparisons between the AER s at 20
dB SL and those obtained at 10 dB SL were not made in this study. The
primary interest was in determning whether the experimental condition
for a given group produced a significantly larger N1-P2 anplitude at
10 dB SL than was obtained for the control condition at 10 dB SL. That
i's, whether the experimental conditions served to make the response
more obvious by heightening its anplitude.

Amplitude Conparison Between the Control and the Experinental Condi -

tions for Each Goup

In order to determ ne whether the experinental condition
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adnministered to Goup I (STL), Il (TinlL), or IlIl (TS resulted in an
increase in response anplitude the followi ng conparisons were nade.
The mean anplitude of the auditory AER for the experinental condition
was conpared to the mean anplitude for the control condition. These
conpari sons were made for each group separately, as shown in Figure 5.

The average anplitude of the AER for Goup | (STL) was 7.3
mcrovolts for the experinental condition. This was only 0.7 mcro-
volts larger than the nean response anplitude observed for the control
condition. A though this difference did not appear to be significant
at test was perforned for verification. The results of this analysis
are presented in Table 1 and indicate that indeed these differences
were not significant. Stated differently, the randompairing of a
light and tone failed to enhance the anplitude of the AER over that
whi ch was observed when the auditory stimlus was presented al one.

The experimental conditions used with Goups Il (T inL) and
[l (TS) appeared to have had a slightly deleterious effect resulting
in a smaller average response than was observed for the control condi-
tion. For exanple, the nmean AER anplitude for Goup Il was 5.6 mcro-
volts for the experimental condition and 7.6 mcrovolts for the con-
trol condition. It will be recalled that the experimental condition
for this group entailed the presentation of the auditory stinulus
during a period of ongoing visual stinulation. The t ratio for the
difference in anplitude between the control and the experinenal con-
dition admnistered Goup Il failed to reach significance at the .05
 evel of confidence.

Goup Il (TS) yielded a nean response anplitude of 9.3
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TABLE 1

Summary of the t Tests Between the Mean Anplitude of

N-P2 for the Control

and Experinental CGondition

43

at 10 dB S for Goup I, Il, and |11

Condition & Mean Mean Diff. t df Sig.
Goup |

Control, 6.6

Experinmental, 7.3 0.7 0.42 8 NS
Goup Il

Control, 7.6

Experimental, 56 2 1. 49 8 NS
Goup |11

Control, 9.7

Experinmental, 9.3 0.4 0.35 8 NS
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mcrovolts for the experinental condition in contrast to 9.7 mcro-
volts for the control condition. The fact that this difference was
insignificant was not surprising since the nean AER anplitude for the
experinental conditionwas only 0.4 mcrovolts snaller than that ob-
served for the control condition. It would appear that although the
shock reinforcenent followng auditory stimlation may have increased
anxiety it did not serve to increase response anplitude.

The aforenentioned results indicate rather forcefully that in
the passive adults tested, none of the experinental conditions admni-
stered achieved the result desired, an increase in the anplitude of
the AERto near threshold auditory stimlation.

Anpl i tude Gonparisons Between G oups for the Gontrol Gondition

The nean anpl i tude of NL-P2 obtained by Goup | for the control
conditionwas 6.6 mcrovolts. Goup Il obtained an average response
anpl itude of 7.6 mcrovolts and the average anplitude for Goup I1I1
was 9.7 mcrovolts for this condition (see Hgure 6). The results of
the anal ysis of variance which are presented in Table 2 indicate that
the nean response anplitude did not differ significantly between
groups for the control condition. A significant difference in nean
anpl i tude was not antici pated since subjects had been randomy assi gned
to each group in an attenpt to apportion their response anplitudes
equal | .

Anpl i tude Gonpari sons Between Goups for the Experinental Condition

The average AER anpl i tudes obtai ned by these groups for the
experinental condition were al so conpared. As shown in FHgure 6 the

nean response anplitude for Goup I (STL) was 7.3 mcrovolts. Goup
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Summary of the Anal ysis of Variance Between the Mean

TABLE 2
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Anplitude of NL-P2 for Goups I, Il, and Il for the
Control and Experinmental Condition at 10 dB SL
Sour ce S df |3 F Sig.
Control Condition
Bet ween Q oups 45.8 2 22.9 1.83 NS
Wthin Goups 300.1 24 12.5
Tot al 345.9 26
Experinental Condition
Bet ween G oups 62.5 2 31.3 3.16 .05
Wthin Qoups 237.0 24 9.9
Tot al 299.5 26
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Il (I inL) yielded a mean anplitude of 5.6 mcrovolts which was the
snal | est value for the three groups. The largest average anplitude
for this conditionwas 9.3 mcrovolts for Goup IIl (TS). As pre-
viously, these neans were al so tested for significance using the
anal ysis of variance (see Table 2). The F ratio obtai ned was signifi-
cant at the .05 level of confidence. In order to determne where the
source of this significance was, i.e. between Goup | and 11, Il and
[11, or I and Il11, a series of t tests were perforned. According to
these results which are presented in Table 3 the only significant dif-
ference in nean anpl i tude exi sted between Goup Il (T inL) and Goup
11 (TS). These findings suggest that the AER s for subjects receiv-
ing partial shock reinforcenent after tone presentati on were con-
sistently larger than the responses for subjects who received their
auditory stimulus during a long period of visual stimulation. A though
the experinental condition for Goup Il (Tin L) did not produce an
AER which differed significantly fromthe AER anplitude noted for the
control conditionit was slightly snaller (see Figure 5). The re-
duced size of this response coupled with the tendency of the subjects
inGoup Il (TS toyield larger responses for all conditions prob-
ably explains this significant finding.

Lat ency Conpari sons

In addition to observing the effect that the experinental con-
ditions admnistered had on the anplitude of the AERit was al so
recogni zed that they mght produce systematic shifts in the |atency of
conponents whi ch woul d differ fromthose obtai ned for the control con-

dition. For this reason the nean | atency observed for conponents NL,
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TABLE 3

Summary of the t Tests Between the Mean Anpl it udes
for the Experinental Conditions

Qoup & Mean Mean Diff. t af Sg.
| (7.3), Il (5.6) 1.7 1.11 8 NS
Il (5.6), 111 (9.3) 3.7 2.72 8 .05

11 (9.3), 1 (7.3) 2.0 1.41 8 NS
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P2, and N2 for the control condition and the experinental condition
was conpared separately for each group. Al results presented herein
pertain to the averages at 10 dB ..

Lat ency Conpari sons Between the Gontrol and Experinental Gondition for

Goup |

As shown in Fgure 7 the nean latencies for NL, P2, and N2 were
highly simlar for both the control and the experinental conditions for
Goup | (STL). For exanple, the nean latency of NI, was 195.4 nsec for
the control condition and 194.6 nsec for the experinental condition.
A nean difference in latency of only 5.8 nsec was observed between the
control condition (310.6 nsec) and the experinental condition (316.4
nsec) for conponent P2. Gonponent N2 was al so characterized by sinm-
lar average latencies for the control and the experinental conditions
(443.8 nsec and 445. 4 nsec, respectively). The results of the t tests
whi ch are summari zed for each conponent in Table 4 confirmthe obser-
vation that no significant difference in latency occurred for NL, P2,
or N2 between the control condition and the experinental condition for

Goup I.

Lat ency Conparisons Between the Gontrol and the Experinental Condition

for Goup Il

For Goup Il (TinL) the average latency of N for the control
condition (176.1 nsec) and the experinental condition (176.6 nsec)
differed by only 0.5 nsec as can be seen in Figure 8. In contrast, an
average difference in latency of 25.8 nsec was observed between these
conditions for conponent P2. The nean latency for P2 was 293.5 nsec

for the control condition and 319.3 nsec for the experinental condition.
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TABLE 4

Summary of the t Tests Between the Mean Latency of
NL, P2, and N2 for the Control and Experinental
Condition at 10 dB SL for Goup |

Condition & Mean Mean Diff. t df

Control, 195.4

Experinental, 194.6 0.8 0.02 7
P2

Control, 310.6

Experinental, 316.4 58 0.37 7
N,

Control, 443.8

Experinental, 445.4 16 0.09 7




seconds

Latency

5
190 320
180 |- 310
170+ 300 +
150 | \ 280 |- \
140} 270 | \
\c\ Exp ] e
1 ont. XD ] Cont. Exp, —
=0 Condition - — o = Condition
N,

450

440

430

ot

- \M\\\‘Nxxxa

410 \

400 \

e
390
Cont. Exp.

Condition

Figure 8  Mean latency of conponents N1, P2, and N2 for the
control and experimental (tone in light) condition at 10 dB SL for
Goup Il. Note the differences in ordinate val ues.

52



53

Less mean difference in latency was observed for conponent N2. An
average |latency of 430.4 nsec was obtained for the control condition
as opposed to 436.1 nsec for the experinental condition for N2. In
Table 5 the results of the t tests for each conponent are shown. This
analysis indicated that as wth Goup | the differences in nean

| atency observed for Goup Il between the control and the experi nental
condi tions were not significant.

Lat ency Gonpari sons Between the Gontrol and the Experinental Gondition

for Goup IlI

Snmlar results were obtained for Goup Il (TS as for the
other groups. The largest difference in nean latency for Goup |11

between conditions occurred for conponent NL. Hgure 9 shows that the

average |atency of this conponent for the control condition was 184.3
nsec in contrast to 202.4 nsec for the experinental condition. A nean
difference of only 1.8 nsec existed between the latency of ?2 for the
control condition (296.6 nsec) and the experinental condition (298.4
nsec). The latency for conponent N2 averaged 463.7 nsec for the con-
trol condition and 456.9 nsec for the experinental condition. This
represented a nean difference of only 6.8 nsec. The results of the t
tests presented in Table 6 indicate that no significant differences in

| atency were observed for any conponent between conditions for G oup
[,

These findings indicate that the latency of the three conpon-
ents neasured were relatively unaffected by any of the experinental

condi ti ons adm ni st er ed.



TABLE 5

Sunmary of the t Tests Between the Mean Latency of
NL, P2, and N2 for the Gontrol and Experi nent al
Qondition at 10 dB SL for Goup |11

Condi ti on & Mean Mean D ff. t df

Control, 176.1
Experimental , 176.6 0.5 0. 08 7

P2

Control, 293.5
Experinental , 319.3 25.8 1.22 7

N2

Control, 430.4
Experimental , 436.1 57 0.11 6
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TABLE 6

Sunmary of the t Tests Between the Mean Lat ency of
NL, P2, and N2 for the Gontrol and Experi nent al
Qondition at 10 dB SL for Goup |11

Condi ti on & Mean Mean Diff. t df

N

Gontrol, 184.3
Experinental , 202. 4 18.1 2.21 8

P2

Control, 296.6
Experinental , 298.4 18 0.19 8

N2

Control, 463.7
Experinmental , 456.9 6.8 0.21 6
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Lat ency Conparisons Between G oups for the Control Condition

The average latency of each conponent for the control condition
was conpared for all three groups of subjects.

The nean | atency obtained by the three groups for each conpon-
ent are illustrated in Figure 10 for the control condition. Goup I
yiel ded the |ongest average latency for NL at 195.4 msec. The shortest
| atency averaged 176.1 nsec for Goup |lI. The mean |atency for Goup
[1l for NL was 184.3 msec. The results of the analysis of variance
for this conponent are presented in Table 7 and indicate that the ave-
rage latencies observed for NL did not differ significantly between
groups.

Goup | also yielded a |onger mean |atency for component P2
(310.6 nmsec) than either of the other groups. The latency of Goup Il
was, as noted for N1, shorter than the average |atency observed for
Goup Ill. The respective latencies for Goups Il and Il for P2 were
293.3 msec and 296.6 nsec. These |atencies were tested for signifi-
cance using the analysis of variance. An F ratio of 0.18 was obtained
indicating that the mean latency of Goups I, Il, and IIl did not dif-
fer fromone another to a significant degree for component P2.

The greatest range in nmean |atency was observed for conponent
N2. The average latency of Goup | for this conponent was 443.8 nsec.
This conpared to 430.4 nmsec for Goup Il and 463.7 msec for Goup II1.
These differences were not significant.

Lat ency Conparisons Between Goups for the Experinmental Condition

The average latency obtained by the three groups for each AER

conponent was al so conpared for the experimental condition as shown in
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TABLE 7

Summary of the Anal ysis of Variance Between the Mean
Latency of Goups I, Il, and Ill for NL, P2, and N2
for the Gontrol Condition at 10 dB SL

Sour ce SS df NB F Sg.
NI
Bet ween G oups 1494 2 747.0 1.13 NS
Wt hin Qoups 14505 22 659. 3
Tot al 15999 24
Bet ween Q@ oups 1347 2 673.5 0.18 NS
Wthin Goups 82236 22 3738.0
Tot al 83583 24
N2
Bet ween Q oups 3933 2 1966. 5 0.35 NS
Wthin Goups 105298 19 5542.0
Tot al 109231 21
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Figure 11.
For NL the nean latency ranged from 176.6 nmsec for Goup Il (T
inlL) to 202.4 nsec for Goup IIl (TS). QGoup | (STL) yielded an ave-

rage latency of 194.6 nsec for this conponent. These |atencies were
conpar ed usi ng an anal ysis of variance procedure (see Table 8). An F
ratio of 1.84 was obtained indicating that the differences in |atency
observed were not significant at the .05 | evel of confidence.

Wiereas the nean latency of Goup Il was shortest for NL this
group produced the |ongest average latency for component P2 at 319.3
nsec. The average latency of Goup | for P2 was 316.4 nsec. The
shortest latency for P2 was 298.4 nsec for Goup IlIl. As w th compon-
ent NL the Fratio for P2 indicated that the differences in nmean
| atency were insignificant between groups.

These conparisons were repeated for conponent N2 and in accord-
ance with the previous results no significant differences were ob-
served between the nean latencies of Goups I, Il, and IlIl. Goup II
yielded the shortest nean latency for N2 at 436.1 nsec. The nean
latency for Goup | was 445.4 nsec. The |ongest average |atency for
conponent N2 was obtained by Goup |1l at 456.9 nsec.

These findings indicate that the |atency of the conponents were
not influenced differently as a result of the experinental condition
used with each group.

Summari zati on of Fi ndi ngs

The results of this investigation are summari zed briefly as
they were reported in this chapter.

1. Wen conparisons in anplitude were made for each group
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Latency of Goups I,

TABLESS8

for the Experimental

and 111

for NI, P2, and N2

Condition at 10 dB SL
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Sour ce SS df NB F Sg.
Bet ween @ oups 2931 2 1465 1.84 NS
Wthin Goups 17429 22 792

Tot al 20360 24
P2
Bet ween Q oups 2193 2 1096 0.17 NS
Wthin Goups 134996 22 6136
Tot al 137189 24
N2
Bet ween G oups 1508 2 754 0. 37 NS
Wthin Goups 39064 19 2056
Tot al 40572 21
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separatel y between the control condition and their experi-
nental condition significant differences were not observed.
Wien conparisons in the average anplitude of NL-P2 were nade
between al | three groups for only the control condition signi-
ficant differences did not energe.

Gonpari sons in the average anpl itude between all groups for
the experinental condition did reveal significant differences.
Subj ects receiving an el ectrical shock after tone presentation
yiel ded auditory AER s which were of significantly greater
anpl i tude than those auditory responses obtained in subjects
tested when the tone was presented during a |ong duration
light stinulus. The response anplitude observed for the ex-
perinental condition where inthe visual and the auditory
stimul us were randomy paired failed to differ significantly
fromthese conditions.

Wien conparisons in |latency were made for each group sepa-
rately between the control condition and their experinental
condition significant differences were not found for any of

t he conponent s.

Wien conparisons in the average |atency of a gi ven conponent,
i.e. NL, were nade between all three groups for only the con-
trol condition significant differences were not observed.
Sgnificant differences in nean latency were simlarly not
noted when the |atency of a gi ven conponent was conpared be-

tween all groups for the experinental conditions.



CHAPTER V

Summary and Concl usi ons

The maj or purpose of this research was to determne if the
amplitude of the AER to near threshold auditory stinmulation could be
increased in adults who were not assigned an active task. Passive
subjects were used since most of those tested with AEA are passive
i.e. they are infants and young children who do not actively attend to
tone presentation. The present investigation served as a procedura
model from which subsequent investigation in young children and
infants mght be initiated, The need to increase AER anmplitude is
greatest in these groups since their thresholds by AEA often under-
estimates the potential hearing sensitivity pf their peripheral audi-
tory mechani sms.

Three groups, each consisting pf nine adults with normal hear-
ing, were tested using conventional AEA procedures. An AER was ob-
tained at 20 dB and at 10 dB SL for a 1000 Hz stimulus. The AER at 20
dB SL was used only to assist in designating the response character-
istics at 10 dB SL when necessary. In addition to these responses, an
averaged auditory response was obtained during an experimental condi-
tion which was used in an attenpt to augment the amplitude of the
auditory response at 10 dB $L. The experinmental condition adm ni-
stered differed for each group

1. Goup | received the auditory signal and a visual stimulus

simultaneously 40%of the time. An AER was obtained for those
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trial S where the auditory stimulus occurred alone. This ex-
perinmental condition was identified by the abbreviation "STL"
(sinultaneous tone and |ight).

2. Goup Il was stinmulated with a colored light. During the tinme
that this light was on the auditory signal was presented. The
abbreviation "T in L" (tone in light) identified this experi-
mental condition.

3. Goup Ill received a shock followng 40%of the auditory pre-
sentations. This experimental condition was identified by the
letters "TS" (tone followed by shock).

After the auditory responses were averaged, anmplitude and latency com
parisons for the control condition at 10 dB SL and the experimenta
condition at 10 dB SL were made

The experimental conditions admnistered failed to significantly
increase the amplitude of the auditory AER for any of the three groups
of subjects. For Group Il (T in L) and Il (IS) the average amplitude
of the auditory responses obtained during the experimental condition
were smaller than those averaged during the control condition. Only
the experimental condition admnistered to Group | (STL) resulted in a
slight but insignificant increase in the mean AER amplitude

The anmplitude of the average AER for the control condition was
smal lest for Group |, somewhat larger for Group Il and largest for
Group I, The differences in response amplitude noted were not sig-
nificant, however.

The smallest average amplitude observed for the experimenta

condition was for those subjects who received their auditory stimlus
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wthinthe presentation of a colored light (Goup I1). Subjects who
were admni stered an auditory signal which was randonmty paired wth a
visual stimulus (Goup I) yielded an average response having slightly
larger anplitude than that seen for Goup Il. The largest anplitude
for the average AERwas obtai ned during the experinental condition
admnistered to Goup I1l1. For this group the presentati on of the
auditory stinmulus was randomy reinforced by a shock. The difference
i n mean anpl i tude observed between Goups Il (TinlL) and 111 (TS was
significant.

The average |latency of the AER conponents observed for the con-
trol condition did not differ significantly fromthe |atency noted
during the experinental condition for Goup | (STL). The differences
in the average | atency between these conditions were al so insignifi-
cant for Goup Il (TinL) and Goup Il (TS).

The average |atency obtai ned for conponent NL did not differ
significantly between Goups I, Il, and Il for the control condition.
The latency differences for conponent P2 also failed to reach signifi-
cance between groups as did those noted for N2. Smlarly, the dif-
ferences innean | atency noted between Goup I (STL), Il (TinL), and
111 (TS for these conponents during the experinental condition were
not significant.

The findings of this study which indicate that the experinental
conditions did not enhance the AER over that found for the control
condi tion should be interpreted with caution since they are in direct
contrast wth the ngjority of data which suggest that the late AER can
be augnented (Davis, 1964; Donchin & Gohen, 1967; Goss et al ., 1965;
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Keating, 1969; Mast & Watson, 1968; Rose, 1967; Satterfield, 1965;
Spong et al ., 1965; Sutton et al., 1965, Button et al., 1967; WIIlians
et al., 1964). There are three factors which should be gi ven consi d-
eration regarding the inability to observe enhancenent of the response
between the experimental conditions and the control condition in the
present study.

First, it will be recalled that prelimnary investigation by
the witer indicated that the anplitude of the auditory response coul d
be enhanced in sone adults at 80 dB SL using the experinental condi-
tions reported herein. These observations were based on nmeasuremnents
of the individual responses occurring in ongoing, unaveraged EEG dat a.
Since the primary purpose of this study was to deternmine if the re-
sponse coul d be enhanced at 10 dB SL averagi ng was necessary in view
of the fact that the auditory response at this level is generally too
small to visualize fromraw EEGactivity. S nce the enhancenent noted
at 80 dB SL in the raw EEG occurred for only the first six to eight
wavef orns the averagi ng of 48 responses could easily have obscured
this effect. Wereas slight variations in the latency of the conpon-
ent peaks woul d have no effect on anplitude neasurenents of the indi-
vi dual unaveraged response these differences would result in a
di mi ni shed anplitude when the responses were averaged by the conputer.
Thus, the inability to observe enhancenent of the AER during the ex-
perimental conditions over the anplitude noted for the control condi-
tion may be related to the limtations inposed by the averagi ng
pr ocedur e.

Second, consideration nmust be given to the possibility that the
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nunber of trials used were insufficient to bring about adequate condi -
tioning for Goups Il and Ill, Since conditioning should have
occurred most rapidly for the tone and shock treatment (Goup I11), it
Is doubtful that the lack of response augmentation can be expl ained
sinmply as a result of poor conditioning. Failure of the experinmental
conditions to effect an increase in AER anplitude may be related to the
fact that the intensity of the secondary stinmulus (light or shock) was
subjectively greater than that of the primary stinulus (auditory).
Asratyan (1968) has suggested that the number of neural units brought
into activity with a mld CS or UCS tends to weaken the effect of con-
ditioning. Many of those tested indicated that the brightness of the
light or the strength of the shock caused themto focus their atten-
tion on these stinuli and not on the tone.

Last, previous research has shown that the stinulus to which
the subject attended yielded a larger AER than those which were ig-
pored (Davis, 1964; Donchin & Cohen, 1967; Goss et al., 1966; Mast &
Wat son, 1968; Satterfield, 1965; Spong et al., 1965; WIlians et al.,
1964), In all instances attention was internally generated, the sub-
ject consciously attended to or disregarded a given stimulus. Thus,
an increase in the anplitude of the auditory AER may not have been
seen sinmply because the subjects were passive, i.e. they did not
actively respond or attend to the auditory stinulus. [If active parti-
cipation is essential then attenpts to significantly augnent response
anplitude in passive subjects using stimulus conditions |ike those
reported herein which attenpted to modify attention externally will be

unsuccessful .
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The only significant difference found in this study was between
the average response anplitude of Goup Il (TinL) and Goup Il (TS
for the experinental condition. A conbination of factors woul d appear
to explain this finding. The first concerns the fact that subjects in
Goup Il tended to yield larger AER s than those in either of the
other groups for the control condition as well as for the experinental
condition (see Fgure 5). A though the nean response anpl itude ob-
served for Goup Il during the experinental condition decreased it
was only slightly snaller than that observed for the control condition.
In contrast the nmean AER anplitude for Goup Il observed during the
experinental condition was much snall er, although not significantly
so, than that obtained during the control condition. The decreased
anpl i tude of the AER observed during the experinental condition
admnistered to Goup Il (TinL) coupled wth nmean responses of rel a-
tively high anplitude for the conditions admnistered to Goup |11
(TS probably explains this significant result and not the superiority
of one experinental condition over the other. Another factor shoul d
also be considered. It will be recalled that all subjects were in-
forned of the experinental condition they woul d be given before test-
ing began. They were also told inwhich of the three averages the
experinental conditionwould occur. It is possible that nerely the
know edge that they woul d eventual |y recei ve a shock during the test

increased the attention that subjects in Goup Il gave to the audl -
tory stimulus and thus enhanced their response anplitude during both

the control and the experinental conditions. In retrospect it mght

have been nore appropriate to refrain fromproviding infornation as to
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the nature of the experinental condition.

Q her nethods mght have proven nore useful in observing the
effects that the experinental conditions used had on the anplitude of
the late AER In the event that enhancenent is of short duration |ast-
ing only for six to eight responses averaging a snaller "N' mght have
been nore appropriate. In addition anplitude neasurenents coul d be
extended to Include the total energy under the waveform This woul d
permt the detection of the overall effects that these conditions had
on the anplitude of the AERand would not limt the observations nade
to two conponents of the response as reported herein.

The findings reported in this investigation do not necessarily
indicate that these procedures would also fail to assist in the test
ing of younger subjects. S nce novenent artifact is a problem
especially with young children the presentation of colored lights as
used with Goup Il mght reduce novenent nonentarily during which tine
the tone could be presented. In this case the condition enpl oyed
woul d be to reduce the influence of novenent artifact in the averaged
wavef or m

In conclusion, the findings reported in this study shoul d not
be interpreted as neaning that the anplitude of the late auditory AER
at 10 dB SL cannot be augnented in all passive adults. Additional in-
vestigation using other techniques of conditioning augnentation is

needed to nake this determnation.
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TABLE 10
Latency of NI, P2, and N2 in MIliseconds for the Gontrol and
Experinental Gonditionat 10 dB S for Goup I, |1, and |11
Subj ect s Control Condition Experinmental Condition
NI P2 NI P2 N2
G oup |
1T 205 290 369 184 287 390
Br 174 317 492 194 325 492
JE 164 328 481 203 277 431
VS 205 330 415 170 287 481*
DN 170 308 410 170 328 452
TN 240 330 500 185 338 471
MN 235 306 425 164 320 398
KN - - - 153* 328* 500*
SS 170 276 415* 287 369 448
Qoup I
MG 172 265 307 186 358 500
SS 150 286 ce 164 297 399
KS 212 308 448 194 287 392
KK 144 267 453 164 275 420
M 196 317 174 456 i
R 185 292 409 174 307 425
Mr 312* 432
KW 185 346 406 204 305 500
LS 165 267 358 153 269 417
GQGoup I
MN 215 328 500 200 336 500
MK 164 297 438 215 307 500
WR 148 290 431 174 230 358
KW 205 308 500 197 317 443
AH 154 317 500 174 299 —
DV 170* 267 390 189 276 481
N 205 307* . 200* 307 500
av 194 287 499 227 297* 420
R 194 268 498* 246 317

* Data not used in analysis so the Nfor the conparison woul d
be the sane.
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