
Developmental Psychoacoustics:
Science to Practice

Robert J. Nozza

Introduction

Much of what we do in adult clinical audiology is
grounded in psychoacoustics. Psychoacoustics
research contributes not only to an understanding of
the capabilities and proclivities of behavioral re-
sponse to sound, but also serves as the basis for many
of the clinical methods we employ. In the realm of
management of the infant with hearing impairment,
in particular the evaluation and fitting of amplifica-
tion, many dimensions of psychoacoustics come into
play, from simple sensitivity as a function of fre-
quency to frequency analysis and masking, binaural
hearing, speech perception and others. However,
what we know about psychoacoustics from studies
with adult human subjects does not necessarily apply
to the developing infant.

The Head Turn with Visual
Reinforcement Procedure

The evolution of developmental psychoacoustics
as it is practiced today began in clinical audiology
centers out of a need for better assessment techniques
for young children and infants (e.g., Liden and
Kankkunen 1969; Moore, Thompson and Thompson
1975; Moore, Wilson and Thompson 1977; Suzuki and
Ogiba 1961). It was adopted by developmental
psychologists and speech scientists interested in
understanding the normal development of speech
perception (Aslin, Pisoni and Jusczyk 1983; Eilers,
Wilson and Moore 1979; Jusczyk 1997; Kuhl 1980,
1987; Werker and Tees 1984; Werker and Lalonde
1988). The method that was developed involved a
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head-turning response followed by some form of
visual or auditory/visual reinforcement. Through a
series of studies in various laboratories, it was deter-
mined that the head-turn met criteria for a response
that could be used with infants in psychoacoustic
studies as well as in the clinic. The head turn is an
operant response that most infants can perform, is
easily observed and can be conditioned in infants
above about five months of age.

This is not to say that the method is as reliable
and valid as methods used in psychoacoustic studies
with cooperative adult subjects or animal subjects.
Admittedly, compromises must be made when study-
ing psychoacoustics with infants. Unlike adults who
can be told what to do in an experimental situation
and can be motivated by tangible or intangible
rewards, infants are immature organisms that must
be conditioned to respond using principles of
behavioral psychology. Such methods are often used
with animal subjects, but animals can be motivated
by being food deprived and then asked to respond for
food rewards (so called “positive” reinforcement) or
they are placed in a shuttle box and taught to respond
by avoiding unpleasant consequences. Neither of the
latter methods is suitable for use with infants for
obvious reasons.

Nevertheless, we can get information about
infant auditory behavior under controlled laboratory
conditions that is quite reliable. The procedure has
become known as the head-turn with visual
reinforcement procedure in experimental circles. In
clinical audiology it is referred to as visual reinforce-
ment audiometry (VRA; Wilson 1978; Wilson and
Thompson 1984).

With the head-turn procedure, various psycho-
physical procedures can be used to answer questions
about infant auditory behavior. The procedure has
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been used in go/no go (e.g., Nozza and Wilson 1984),
multiple alternative forced choice procedures (e.g.,
Trehub, Schneider and Endman 1980), and same/
different discrimination procedures (e.g., Eilers et al.
1979; Kuhl 1979). Method of constant stimuli or other
fixed block protocols have been used to develop psy-
chometric functions (e.g., Nozza 1987a; Nozza, Ross-
man, Bond and Miller 1990) and adaptive protocols
designed to estimate a given point on the psycho-
metric function have been used as well (Nozza and
Wilson 1984; Nozza, Miller, Rossman and Bond
1991a). In the head-turn procedure, the reinforcer is
important and must engage the infant sufficiently to
motivate responses. Reinforcers are typically chosen
for the infant in a head turn session rather than being
selected by the infant. We assume the reinforcing
stimulus we choose will, in fact, serve to increase the
probability of generating a response. However, there
are occasions when conditioning does not go well and
infants do not find our reinforcers quite so motivating.
Also, because responses of the infants are judged by
one or more examiners, there is the additional poten-
tially confounding factor of a subjective examiner
observing and at times interacting with the subject
during testing. The potential that this has for intro-
ducing error and/or bias into the procedure is referred
to as the Rosenthal effect (Rosenthal 1976) and is dis-
cussed below. That is, we get very good but not perfect
success with infants using this procedure. We have
limitations when studying infant hearing using psy-
chophysical procedures because of both the infant’s
immaturity and our need to use procedures that are
ethical and that reflect sensitivity to the concerns of
the parents who attend the test sessions.

Laboratory Studies Applied to
Clinical Practice

When we consider going from science to practice,
we will be thinking in the broadest context. My per-
spective on this comes from my background and
experience as an audiologist, with a need to obtain
information regarding sensitivity and more complex
auditory processes both, combined with the belief that
the infant in a clinical test setting is not somehow
operating outside of the principles that have been
developed in behavioral psychology regarding stimu-
lus, response and reinforcement. My research has
used exclusively a unilateral head turn, whereby
the infant always turns in a single direction for

reinforcement, regardless of the nature or spatial
location of the stimulus or whether it is a detection or
discrimination task. This permits easy use of ear-
phones for monaural testing also.

In taking science into clinical practice, we are
interested in applying information gained in the
laboratory to clinical issues. This does not mean
necessarily that the lab work must lead to a specific
test or protocol. It may result in a new test or protocol;
however, clinical issues can be addressed in other
ways as well. We can use laboratory data to develop
norms and to understand better the effects of clinical
conditions. In fact, it is very important that we base
on evidence all aspects of our clinical practice. This is
particularly important in pediatric audiology because
in my experience it seems that many of us view what
we do as more art than science. Some feel that you
have to have a special intuition or sense to be able to
evaluate and manage infants and children. Such a
clinical sense is always an advantage, but it is not a
necessary element of the successful pediatric
assessment.

Webster says, “art implies a personalized, unana-
lyzable, creative power.” With a notion of infant hear-
ing testing grounded in art so defined, we are free to
bring our own personal beliefs and emotions into the
test environment. In fact, this notion encourages it. In
the clinical situation, this is often very helpful. How-
ever, it leaves us susceptible to bias and error and also
reinforces the notion that certain individuals have a
natural affinity to testing infants; that some are bet-
ter at it than others; that it is difficult to teach or
explain how it is done. It is, therefore, an unanalyz-
able power.

As an alternative, we can look at infant hearing
testing as an art, but we can consider another defin-
ition of the word. One definition in the Standard Col-
lege Dictionary states that “art is any system of rules
and principles that facilitates skilled human
accomplishment.” Webster adds as one of the def-
initions that “art is a skill acquired by experience,
study or observation.” Behavioral assessment of
infants, viewed either as developmental psychoacous-
tics or as VRA, is really grounded in rules and prin-
ciples and is a skill that can be acquired by experi-
ence. Indeed, it is an art, but not so unanalyzable.
There are data from our psychoacoustic studies that
can help us see how principles and rules can
strengthen the procedures we use and also give us
indication of where potential error and bias might
occur.
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Having said that, no one will deny that there are
times when testing the hearing of infants in the clin-
ical setting that you have to get creative and be, per-
haps, a little “artistic.” However, you can have more
confidence in your results when your creativity oper-
ates within a framework of knowledge of the prin-
ciples that underlie the methods we use. We should at
least know what the risks are when we begin to get
creative in the test environment so that we can make
informed choices and can interpret our results
accordingly.

Of course, in the laboratory, we try to pay greater
attention to the psychophysical principles and to
principles of behavioral conditioning than is reason-
able to do in the clinical setting. There is a difference
between the assessment of an infant as part of an
experiment and the assessment as part of a clinical
evaluation. In an experiment, a great deal of time and
effort can be devoted to getting a very precise esti-
mate of just a single data point. In the clinic, the goal
is to get a great deal of information in what may be
a very limited period of time. In experiments it is not
unusual to have infants return to the lab many many
times, but this may not be possible with infants fol-
lowed clinically. Also, in experiments we can set very
specific subject selection criteria. Nonetheless, some
of the advances in the head turn procedure that have
come out of laboratory work are quite applicable to
the clinic. For example, we have introduced the com-
puter to control some methodological variables and to
allow us to track and analyze various elements of the
procedure.

Infant Psychoacoustics

Dimensions of auditory perception that are
relevant to the assessment and management of
infants with hearing impairment include sensitivity,
frequency analysis, masking and speech perception,
to name a few. The development of hearing sensi-
tivity as a function of frequency is a fundamental
psychoacoustic phenomenon and is critical to our
interpretation of clinical data. The relationship
between hearing sensitivity and speech perception is
also among the critical elements that guide our
evaluation and fitting of hearing aids on older
children and adults. Considerations of masking and
the effects of noise also come into play in important
ways. The research that I will be discussing addresses
auditory perception in infants in the age range six to

12 months who are screened to be normal in hearing
and development.

Sensitivity

Research studies of the development of auditory
sensitivity provide us with a reference point for our
clinical threshold measures. A number of studies from
several laboratories have found that there is a differ-
ence between infant thresholds and those of older
subjects over the range of frequencies from 500 to
4000 Hz, signaling developmental change in
behavioral thresholds early in life (e.g., Nozza and
Wilson 1984; Nozza 1995; Nozza and Henson 1999;
Trehub et al. 1980; Olsho, Koch, Carter, Halpin and
Spetner 1988). Using an example from my research,
it is apparent that infant thresholds are elevated rela-
tive to those of adults (figure 1). These data were
obtained using insert earphones (calibrated in a 2 cc
coupler) and a unilateral head-turn response. Adult
subjects are typically young college students who are
not experienced in participating in psychoacoustic
experiments and who use a simple response such as a
button press.

Figure 2 shows the same thresholds (500 to 2000
Hz) as the previous figure along with the 4000 Hz
thresholds from a previous study in which supra-
aural earphones were used. All thresholds are in dB
hearing level (HL), normalized to the appropriate
audiometric reference value for the earphone used.

Figure 1. Unmasked pure-tone thresholds of infants and
adults in dB SPL obtained using ER-3A insert earphones cali-
brated in a 2 cc coupler. (Data from Nozza 1995; Nozza and
Henson 1999).
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This illustrates the frequency effect in the infant-
adult differences in hearing thresholds. The degree of
difference between infants and adults varies some
from study to study, but one finding is consistent—
there is a greater difference in the lower frequencies
(15–20 dB in many studies) than in the higher fre-
quencies and it is seen in sound-field thresholds as
well as in those obtained using earphones (Trehub et
al. 1980). There are data from Schneider, Trehub and
Bull (1980) that extend even to ultra high frequencies
and illustrate further that infants and adults are
much more similar in the high frequencies. That is to
say that the normal sensitivity curve of infants, as
determined using a behavioral method, has a differ-
ent contour than that of adults and suggests greater
developmental change in low frequencies when using
earphones calibrated in couplers according to stand-
ard audiometric reference values. In addition, the
threshold for awareness of a speech sound in infants
is some 15 or 20 dB above that for adults (Nozza,
Wagner and Crandall 1988).

There are two issues, at least, that may contrib-
ute to the differences we see between infants and
adults. One is the degree to which the behavioral

Figure 2. Unmasked pure-tone thresholds of infants and
adults in dB HL. Thresholds for frequencies 500, 1000 and
2000 Hz are from figure 1, converted to dB HL and the thresh-
olds at 4000 Hz are from a study by Nozza and Wilson (1984) in
which TDH-49 earphones calibrated in a 6 cc coupler were
used. Because real ear to coupler differences are not the same
for supra-aural TDH-49 earphones calibrated in a 6 cc coupler
and ER-3A insert earphones calibrated in a 2 cc coupler, and
because infant-adult differences in RECDs vary with the ear-
phone used, this figure should be interpreted as illustrative,
with infant-adult differences dependent on the earphone and
calibration method used.

thresholds of the infants represent the same per-
ceptual events that we assume occur at threshold for
adults in our tests. One argument in this context is
that infants probably do not have the same level of
motivation or attention in the task as do adults, so a
difference could be explained by this methodological
(non-sensory) limitation rather than a sensory differ-
ence. The issue of potential effects of non-sensory fac-
tors has been addressed. From a couple of studies
from my laboratory in which we compared unmasked
thresholds with minimum masking levels in infants
and adults, the data were consistent with a small (< 5
dB) non-sensory effect in the thresholds of infants
that was constant across frequency (Nozza 1995;
Nozza and Henson 1999). In other words, non-
sensory effects appear to be a constant in infant-adult
differences in thresholds and account for only a small
portion of the large threshold differences in the low
frequencies.

The second major issue to consider with respect to
infant-adult differences in thresholds relates to dif-
ferences in physiology of the outer and middle ears of
infants and adults. First, there is a large difference in
ear canal resonance between infants and adults. The
sound pressure level (SPL) at the tympanic mem-
brane of an infant, for a given dB HL value, is going to
be greater than for the adult, especially at the high
frequencies (Feigin, Kopun, Stelmachowicz and
Gorga 1989; Westwood and Bamford 1995). There-
fore, the actual developmental change in auditory
sensitivity once sound pressure level at the tympanic
membrane is controlled, likely will be even greater at
some frequencies than is suggested by data using
instruments calibrated to standard reference values
in hard-walled couplers. Second, existing data on
developmental change in middle-ear acoustic reflect-
ance (Keefe, Bulen, Arehart and Burns 1993) and
acoustic immittance (Roush, Bryant, Mundy, Zeisel
and Roberts 1995; De Chicchis, Todd and Nozza 2000)
are consistent with changes that would suggest
poorer transmission of low frequency energy through
the infant middle ear than through that of the adult.
These physiological measures lend some support for
the shape of the behavioral audibility curve of the
infants relative to adults. It is not known if there are
still developmental changes beyond the middle ear
that also contribute to the frequency-specific differ-
ences in thresholds between infants and adults. In
summary, audibility differences between infants and
adults may be the result of several factors, two of
which are non-sensory factors that affect infants more
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than adults and physiological differences in per-
ipheral auditory transmission characteristics
between infants and adults. Studies of infant and
adult hearing in which real-ear SPL at the tympanic
membrane is measured must be done to determine
better the degree and nature of developmental
change in hearing during infancy.

Independent of the reason for the infant-adult dif-
ferences in thresholds, the infant data inform us of
what we might expect of normal infants in the clinical
setting when instruments are calibrated using stand-
ard couplers and audiometric reference values. It is
clear that behavioral thresholds of infants with nor-
mal hearing are not represented well by audiometric
reference values at all frequencies. Converting the
unmasked thresholds to dB HL reveals that, on the
average, infants with normal hearing tested in the
clinic would have thresholds of 20 and 15 dB HL at
500 and 1000 Hz, respectively. This certainly is
important as we try to interpret thresholds in the
clinic.

Masking

Masking is used in psychoacoustic research in a
number of ways. One way is to estimate frequency
selectivity. In an early study (Nozza and Wilson
1984), we examined infant detection of tones in quiet
to estimate sensitivity and in broadband masking
noise to estimate critical ratios (Hawkins and Stevens
1950), estimates of auditory filter bandwidth. We
found that infants between 6 and 12 months of age
provided masked thresholds for the tones tested, 1000
and 4000 Hz, that were elevated by approximately 5
dB relative to those of adults (figure 3). The 5-dB
differences in masked thresholds, when interpreted
as differences in critical ratios, suggest that infants
have much wider auditory filters than adults do.
However, this should be considered in light of the way
critical ratios are estimated. Estimates of auditory fil-
ter bandwidth using critical ratios depend on the
absolute masked thresholds, so if the infant masked
thresholds are influenced upward by non-sensory fac-
tors, then the critical ratios will be erroneously
inflated. Also, work done in other laboratories to
estimate auditory filter bandwidth using relative
rather than absolute measures has demonstrated
that infant auditory filter bandwidth is quite compar-
able to that of adults (Olsho 1985; Schneider, Mor-
rongiello and Trehub 1990), adding to the suspicion
that infant masked thresholds are elevated relative to
adults not because of poor frequency selectivity but

rather because of non-sensory factors that bias the
threshold measurement.

With respect to the difference between infants
and adults in the shape of their audibility curves,
variation with frequency that was evident in the
unmasked thresholds (i.e., larger infant-adult differ-
ence in low frequencies than in high frequencies) was
not evident in the masking data. This suggests that
any methodological limitations that may be present
probably were not contributing to the variation with
frequency in unmasked thresholds. That is, if non-
sensory factors affected responses differently at some
frequencies than others, as would be necessary to
explain the frequency-effect in the infant-adult differ-
ences in unmasked thresholds, we would expect to see
it in the masking data as well. The logical conclusion,
then, is that the infant-adult differences in the mask-
ing study, if not due to auditory filter differences, is
very possibly due to non-sensory factors such as
attention, motivation, or processing efficiency. The
differences are the same at both frequencies tested
and about the same as the difference attributed to
non-sensory factors from our minimum masking
studies (Nozza 1995; Nozza and Henson 1999).

Binaural Unmasking

It is difficult to find ways to study central audi-
tory processes in infants. We studied the binaural
masking level difference in two studies of infants
about 7 to 10 months of age to begin to examine a
measure of binaural function—an auditory process

Figure 3. Thresholds of infants and adults, in dB SPL,
obtained in the presence of a broadband masking noise with a
spectrum level of 26 dB SPL. (Data from Nozza and Wilson
1984.)
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that is mediated in the central nervous system. In one
study (Nozza 1987b), a 500 Hz signal was used and
in the other (Nozza, Wagner and Crandell 1988), a
speech sound was used (table 1). In both cases,
infants exhibited a release from masking, but it was
smaller than that of adults. The results suggest that
there is developmental change in a central auditory
process. This is important when one considers the
plasticity of the young nervous system, especially dur-
ing a time when it is undergoing developmental
change because it is likely that developing nervous
system pathways are most susceptible to environ-
mental input during that time. It is reasonable to
speculate that atypical or abnormal input to one ear
may cause maldevelopment of binaural function in
the same way that abnormal input to one eye, such as
with strabismus or amblyopia, causes maldevelop-
ment of visual perception. Abnormal input to one ear
during development of the binaural system could
come from unilateral hearing loss, asymmetrical
bilateral hearing loss or from transient episodes of
otitis media that vary from ear to ear and from time
to time.

Speech Perception

As far as developmental psychoacoustic studies
go, the head-turn procedure has been used as much
for study of infant speech perception as for anything.
The work of Pat Kuhl, Peter Jusczyk, Janet Werker
and others has given great insight into the capabilities
of infants who are developing normally with regard to
speech. With an eye towards clinical issues in audi-
ology, we did a series of studies of infant speech-sound
discrimination designed to investigate the effects of
degraded speech-sound input as a way to simulate
the effects of hearing loss. Again, infants with normal
hearing were used as subjects. The head-turn pro-
cedure was used in a discrimination paradigm,
whereby infants were taught to respond when one
speech sound, repeating as a background sound,

Table 1. Binaural masking level difference (in dB) for infants
and adults (Nozza 1987b; Nozza, Wagner and Crandell 1988).

Binaural Masking Level Difference (BMLD)

500 Hz Tone Speech Sound (/ba/)

INFANTS 5.6 5.0

ADULTS 10.4 10.8

changed to a different speech sound. Consonant-
vowel syllables, differing only in the initial consonant,
were used as stimuli. All consonants were stops dif-
fering in place of articulation for this series of studies.
This topic was covered in more detail in the previous
International Conference and a summary can be
found in the proceedings of that conference (Nozza
2000). To summarize, we found that infants require
greater sensation level of speech than adults to per-
form optimally in the discrimination task. Also,
infants need greater S/N than adults to perform
optimally in unfavorable listening conditions. Fur-
ther, when high frequency filtering is used to degrade
speech stimuli, again the effect is greater on the
infants than on the adults.

We need to do more research, including with
infants with hearing impairment, to determine better
how this kind of information can translate into better
management of infants. After all, our hearing aid fit-
ting procedures depend on information related to the
relationship between hearing sensitivity and speech
perception ability, in quiet and in noise. One import-
ant finding is that even when the differences in hear-
ing thresholds between infants and adults are taken
into account, infants with normal hearing need
higher levels of speech to do their best in the experi-
mental protocol. It is not clear yet how this relates to
the abilities of infants with impaired hearing.

Some of the work that was done used an adaptive
threshold procedure with the speech-sound dis-
crimination task to permit estimation of the 50%
point on the psychometric function (Nozza et al.
1991a; Nozza, Rossman and Bond 1991b). This was
done for two reasons. For one, such a protocol helps to
economize with respect to the amount of time and
effort needed to get reliable data. Secondly, we hope
to adapt the speech-sound discrimination task so that
it becomes more suitable for use in the clinical setting,
and the advantages of the adaptive procedure will be
very important in that regard.

Methodological Issues

By using a computer, one can begin to eliminate
some of the potential for error and bias in the test
situation. Things such as trial and response intervals
can be controlled and control trials can be included
using a random schedule while the examiner remains
blind to stimulus conditions. For example, there is a
tendency among some examiners to extend the dur-
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ation of a signal while waiting for a response if the
stimulus is believed to be above threshold; or, con-
versely, a tendency to give only a brief stimulus pre-
sentation if it is thought to be below threshold. In
psychoacoustic experiments, we control those vari-
ables such that the stimulus and response intervals
are constant and independent of stimulus intensity
level. One thing we have seen in studies of detection
and discrimination, both from our work and the work
of others (Nozza et al. 1990; Primus 1992), is that a
trial interval of about 4 seconds is optimal for the
head turn procedure with infants between six and 12
months who are functioning normally. (This interval
might need to be altered for infants with develop-
mental delays, physical or visual impairments and
so on.)

Another important component of the laboratory
studies is the incorporation of control trials. By hav-
ing a computer introduce blanks (no stimulus) on
random occasions when the examiner starts a trial,
without the knowledge of the tester, an estimate of
the infant’s tendency to respond in the absence of a
signal can be made. In this case, the tester selects an
opportunity to present a trial based on the ready
behavior of the infant and hits the button to initiate
the trial. If it is a blank trial and the examiner records
an infant head turn, the computer registers it as a
false positive response. Another way that the com-
puter helps is by keeping the examiner uninformed
about the intensity level of the stimulus during an
adaptive threshold search so that it cannot influence
his or her willingness to judge a response. These
parameters controlled by the computer are very help-
ful when judging responses because the observer
(examiner) must use a consistent criterion for what
constitutes a response. If one is too liberal, false posi-
tive rates go up and the reliability of the threshold
estimate is diminished. Response data can also be
catalogued and can help to alert us to potential meth-
odological problems.

Figure 4 is from a single subject in a speech sound
discrimination task using the head-turn procedure
and is used here to illustrate potential bias in the
procedure. No reinforcement was provided for
responses that came after 4.5 seconds, but we moni-
tored the infants’ behavior for up to 20 seconds follow-
ing onset of each trial. After a trial was initiated, we
would record the first head turn response that
occurred up to a maximum interval of 20 seconds. The
head-turn procedure mimics a psychophysical pro-
cedure in which observation intervals are undefined

(Watson and Nichols 1976); that is, trial intervals are
not marked specifically for the subject, so the subject
is in a free response situation. One would assume
that, when a stimulus is easily detectable, there
would be many correct responses shortly following
stimulus presentations, but responses following the
control trials would not be time-locked to the
unmarked control interval. Figure 4 shows for one
subject, representative of the group (Nozza 1987a),
that out of 20 stimulus presentations, the infant
recorded correct responses within 2 seconds of the
trial onset on 6 (30%) of them. The infant recorded
another 10 (50%) correct responses in the interval
between 2 and 4 seconds for a total of 16 (80%) correct
responses within 4 seconds following stimulus onset.
There were two responses that came later and may or
may not have had anything to do with the stimulus
and for two stimuli, no head-turn occurred within the
20-second interval. We also recorded responses for 20
control trials. Notice that there are many fewer
responses to control trials. This infant was under
fairly good stimulus control with an easy stimulus
condition. However, note also that of the few false
positive responses (n = 8) that occurred, most of them
(n = 5) are in that first 4 seconds following the trial
onset. Recall that control trials are randomly selected
and are not defined for the infants. What would cause
a higher rate of responding in the response interval
following the start of control trials when the infant is
not aware that there is such a thing as a control trial?
Wouldn’t we expect responses to be absent or at least
occurring randomly throughout the 20-second

Figure 4. Rate of head-turn responses of a single subject for
stimulus and control trials as a function of time following trial
onset. (Data from Nozza 1987.)
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interval when the onsets of trials are not marked for
the subjects? The data suggest that the infant was
more inclined to respond during a trial interval even
when no stimulus was presented.

Although we are not marking trial intervals, it is
possible that the infant is picking up information that
suggests the likelihood of getting to see the reinforcer
is greater at some times during the session than at
others. What might such cues be? Maybe the infant
senses itself the ready state that the tester uses to
decide it’s time to start a trial. Maybe the examiner
with the infant is doing something unintentionally to
cue the infant at the start of a trial. Things as subtle
as changes in looking behavior or cessation of activity
with a distraction toy can be associated by the infant
with a greater likelihood of seeing the reinforcer.
Maybe the infant is simply using an internal clock
and is timing the interval between presentations. Is
this a reasonable hypothesis?

The Rosenthal Effect

Rosenthal (1976) describes two possible effects
that an experimenter might have in a psychological
experiment. One is simply observational and the
other is interactional. An observer (non-interactional)
bias occurs when one brings assumptions to the situ-
ation and allows them to influence what one sees. In
behavioral assessment especially, but in other clinical
realms as well, we can see what we want to see. Mon-
cur (1968) demonstrated this when he reported a 38%
false positive rate for observers in a behavior observa-
tion task when they were not informed whether a
stimulus had actually been presented to the infant or
not. Awareness of this potential problem is an
important element in preventing it.

Then there are the interactional effects. Not only
are we observers, often we are interacting with the
infant in the test setting as a distracter or manipula-
tor of infant state. In those cases our behavior can
influence responses of the infant. We may, quite inno-
cently, be providing cues to the infant about stimulus
conditions or trial intervals that will bias their
responses. An examiner using a distracting toy with
the infant may stop when a trial begins; may look up
at the infant or may do something else that can be
used by the infant as a cue. Infants will learn a strat-
egy to see the reinforcer, other than the one we want
them to learn, if we are not careful. They infer the
rules of the game from our training (conditioning)
protocol and what we do during the session. It doesn’t

take much to reduce the reliability of an assessment
without being aware of it.

Putting this into the clinical context, think about
your assessment protocol. How much information do
you bring to the test with an infant? You know the
stimulus level when you present, you may know
whether there is middle ear disorder or not and you
may have previous results. What are your assump-
tions about an infant’s hearing at the time of the test?
How aware are you of your behavior when distracting
an infant during a VRA session?

The laboratory data have been helpful in demon-
strating possible bias in our methods about which we
would otherwise be unaware. These kinds of potential
biasing factors are likely present in many clinical ses-
sions and can lead to problems in our assessment out-
comes. If we are judging false responses as responses
to stimuli, the possibility that an infant with hearing
loss will be considered to have normal hearing, the
false negative finding, increases. Awareness of and
attention to these factors, removing the examiner
from control over stimulus and response intervals,
and incorporating control trials, even if informally
throughout the session, will increase the reliability of
our measures and reduce the chances for serious
error.

Summary

In summary, this article was intended to increase
your sensitivity to the ways in which our infant psy-
choacoustic studies can benefit clinical practice. The
need for evidence-based protocols and practices is no
longer questioned, so controlled study of infant hear-
ing, the effects of hearing loss, and the methods we
use are necessary. We must incorporate reliable and
valid methods into our assessment protocols. An
understanding of the principles that underlie our
methods will lead to their appropriate application and
can take some of the mystery from pediatric assess-
ment. Studies of normal auditory processes in infants
can provide reference values against which we can
interpret our clinical findings. Also, findings from
studies of the effects of simulated hearing loss on
speech perception will be helpful as we design proto-
cols for the evaluation and fitting of amplification on
infants. Finally, analysis of methodological variables
in our experimental studies will help us to identify
areas of potential error and bias in our clinical
protocols.
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