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Three amplitude-discrimination experiments within a backward masking task were carried cut to
study whether young children have a slower rate of perceptual processing than do adulis. Rate of
processing was defined within an explicit model of perceptual performance that allows the investi-
gator to determine if rate is responsible for developmental differences in auditory discrimination.
A developmental difference in discrimination ability was compensated for by increasing the psy-
chophysical difference between the test tones in the backward masking task. No developmental
differences in rate of perceptual processing were observed. A quantitative model of perceptual
processing gave similar estimates for the rate of perceptual processing in children and adult sub-
jects. Although there are differences in discrimination ability, there appear to be no differences in
rate of perceptual processing for children and adults.

In the present study, we examined the development during
childhood of auditory perceptual processing, auditory discrimi-
nation in particular. Qur concern was with the temporal course
of the initial stage of processing involved in encoding and per-
ceptual recognition. There is a popular belief that young chil-
dren have a slower rate of perceptual processing than do older
children for both visual {¢.g., Blake, 1974; Morrison, Holmes, &
Haith, 1974) and auditory (Tallal, 1973) information. The con-
sequences of such age differences would be particularly signifi-
cant in the case of auditory processing. That is, in visual pro-
cessing in reading, for example, a slower rate of processing
could be compensated for by longer fixation times. [n contrast,
in auditory processing of speech, a slower rate of processing
may not be compensated for because it is not always possible for
the listener to control the duration of spoken language. Despite
this apparent importance for language development, the devel-
opment of temparal aspects of auditory processing has received
relatively little empirical investigation.

The empirical support for age differences in rate of percep-
tual processing is complicated by the possibility of other pro-
cesses contributing to the obtained age differences in perfor-
mance. For example, older children have faster auditory word-
recognition latencies (Cirrin, 1983, 1984; Tyler &
Marslen-Wilson, 1981) and identify synthesized syllables at
faster presentation rates (Tallal, 1973). Although consistent
with age-related increases in the rate of auditory processing,
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these findings may also reflect age-related differences in audi-
tory discrimination. Although infants discriminate most pho-
netic contrasts (Aslin, Pisoni, & Jusczyk, 1983), both phonetic
discrimination and spoken word recognition improve during
childhood (Burke, 1975; Templin, 1957; Wepman, 1958). In-
deed, the absolute threshold for auditory perception decreases
during childhood (e.g., Roche, Siervogel, Himes, & Johnson,
1978), and there is improvement in other auditory sensory pro-
cesses such as temporal acuity (Irwin, Ball, Kay, Stiliman, &
Rosser, 1985). Thus, younger children may require more time
for auditory perceptual processing because discrimination and
identification of the stimulus is more difficult for them. Isolat-
ing age differences in rate of processing requires accounting for
the difficulty of the identification across age.

In this study, we explored the development of auditory per-
ceptual processing by examining children’s ability to identify
pure tones in a backward masking task. The backward masking
paradigm has been a valuable technique for examining the
temporal course of perceptual processing of visual {Breitmeyer,
1984) and auditory (Kallman & Massaro, 1983) stimuli. In audi-
tory backward recognition masking, a brief target stimulus i8
followed, after a variable interstimulus interval (IS1), by a sec-
ond stimulus {the mask). The amount of time that the target
information is available in preperceptual memory can be care-
fully controlled by manipulating the duration of the ISI. The
accuracy of young adults’ target identification increases as I1S1
lengthens 1o about 250 ms. (Cowan, 1984; Hawkins & Presson,
1986; Kallman & Massaro, 1983; Massaro, 1970b).

The backward masking resuits have been explained in the
framework of a model of auditory information processing in
which the target sound is transduced by the listener’s sensory
systemn and stored in a preperceptual auditory store that briefly
holds a single auditory event (Massaro, 1972,19735a). Processing
of the target sound is necessary for perceptual recognition. The
mask replaces the target in the preperceptual auditory store
and terminates any further reliable perceptual processing of the
target, but it does not work retroactively. Masking does not
reduce the amount of information that is obtained before the
occurrence of the mask; it can only preclude further processing.
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In backward masking, young adults’ performance typically
asymptotes at an 18I of roughly 250 ms, and this interval has
been interpreted as reflecting the duration of the preperceptual
auditory store (Cowan, 1984; Kallman & Massaro, 1983). That
is, the mask no longer affects performance because the preper-
ceptual trace is no Jonger available for processing. A slower rate
of perceptual processing for children, a shorter duration for
preperceptual memory, or both would lower the accuracy of
perceptual recognition. On the other hand, if the duration of
the preperceptual store and processing rate are constant across
age, performance of both children and adults should asymptote
at 250 ms.

Although the question addressed in this article is primarily
an empirical one, its interpretation is fundamentally a theoreti-
cal matter. The result of central interest is the increase in perfor-
mance accuracy with increases in [S1. Qur interpretation of this
result is that subjects have continuous information about the
test stimulus and that this information accumulates gradualiy
with the processing time available before the onset of the mask.
The rate and asymptote of the masking function can only be
interpreted in the framework of a quantitative model of the
perceptual recognition process (Anderson, 1963; Massaro,
1970b). In such a model, it is essential to distinguish between
the potential information that is given unlimited processing
time and the rate of reaching that leve! of information (Mas-
saro, 1977). Increasing the discriminability between the test
alternatives should increase the asymptote but not necessarily
the rate of the masking function.

The three masking functions shown in Figure 1 represent the
performance of 3 different voung adults in the first study of
auditory backward recognition masking (Massaro, 1970a). The
two test alternatives were brief tones (200 ms) differing in fre-
quency, and the subjects identified the test tone as high or low
in pitch. Performance was measured in 4’ values rather than
percentage correct to provide a more valid measure of percep-
tual processing. Relative to percentage correct, d’ values have
been shown to be less contaminated by decision biases in the
task (Green & Swets, 1966; Massaro, 1989). The ¢’ measure can
be conceptualized as the z-score distance between means of
two distributions of events corresponding to the two different
test tones, Larger ' values correspond to a greater distance,
which signifies better discrimination between the two test
tones. The masking function gives the changes in this discrimi-
nation. The functions in Figure 1 can be described accurately by
anegatively accelerated exponential growth function of process-
ing time.

d' = a(l — ™). )

The parameter a is the asymptote of the function and 8 is the
rate of growth to the asymptote. The value e is the natural
antilogarithm of 1. This function can be conceptualized as rep-
resenting a process that resolves some fixed proportion of the
potential information that remains to be resolved per unit of
time. The same increase in processing time gives a larger abso-
lute improvement in performance early compared with late in
the processing interval.

In practice, however, the individual differences are usually
much larger than those shown in Figure 1. In that case, it is
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Ligure 1. Identification of the test tone, measured in o’ units as a
function of the silent interval between the test and masking tones:
results for three subjects. (ISI = interstimulus interval. From “Percep-
tual Processes and Forgetting in Memory Tasks” by D. W, Massaro,
1970, Psychological Review, 77, p. 559. Copyright 1970 by the Ameri-
can Psychological Association. Adapted by permission)

necessary to adjust the difficulty of the task for each subject
individually—usually by adjusting the physical differences be-
tween the test tones in the masking task. Figure 2 gives some
representative results for 3 different subjects (Katlman & Mas-
sara, 1979). Large individual differences were found, and it was
necessary to titrate the difference between the test tones 1o
climinate floor and ceiling effects in the task. Using this proce-
dure, it is possible to measure performance in a range in which
the rate of processing can be reasonably determined.

The three curves in Figure | and in Figure 2 can be accounted
for by differences in asymptote, with no differences in rate
(Massaro, 1970b). In Figure 1, the differences in asymptote are
reflected in differences in o, whereas in Figure 2, the diifer-
ences in asymptote are reflected in the differences between the
two test tones. Thus, the distinction between asymptote and
rate pravides a more refined interpretation of well-known dif-
ferences among individuals in the processing of pitch and other
attributes of tones. The success of the model in accounting for
individual differences in terms of asymptote, rather than of
rate, also presents the possibility that developmental differ-
cnces might cxist for asymptote but not for rate. There is, how-
ever, little evidence on this issue because there have been
no developmental studies of auditory backward recognition
masking.

Several studies of visual backward masking have reported
that identification of the target usually improves with increases
in the ISI but thatolder children or adults show a larger improve-
ment than do younger children (e.g., Blake, 1974; Gummerman
& Gray, 1972; Liss & Haith, 1970; Miller, 1972; Welsandt, Zup-
nick, & Mevyer, 1973). The most popular conclusion from these
results is that the rate of processing increases during childhood.
However, this conclusion is weakened because, in general,
these studies did not equate the difficulty of stimylus identifi-
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Figure 2. Percentage of correct identifications of the test tone as a
function of the silent interval between the test and masking tones. (The
Af values give the frequency difference that was required for cach of
the three subjects. IS1 = interstimulus interval. From “Similarity Ef-
fects in Backward Recognition Masking” by H. J. Kallman and D. W.
Massaro, 1979, Journal of Experimental Psychology: Learning, Mem-
ory, and Cognition, 5, p. 118. Copyright 1979 by the American Psycho-
iogical Association. Adapted by permission,)

cation across age. Young children asymptoted at a lower perfor-
mance level (Miller, 1972) or had poorer performance in no-
mask conditions (Blake, 1974}, suggesting that identification of
the stimulus was more difficult for them independent of the
time available for processing. In other studies, the level of per-
formance at very long ISIs or on no-mask trials was at ceiling
across age (Welsandt et al., 1973). With ceiling effects, one can-
not assume that the difficulty of the identification task is equiv-
alent across age because the performance ceiling can camou-
flage any differences in asymptote that may be present. Other
visual masking studies have shown that older children achieve a
specified level of accuracy at a shorter IS than do younger
children {Arnett & DiLollo, 1979; Nettelbeck & Wilson, 1985),
but this effect cannot be attributed to processing-rate differ-
ences because the difficulty of the task was not equated across
age. A more appropriate method for studying rate of processing
in these tasks without a confounding of identification diffi-
culty is to adjust exposure duration or intensity to equate perfor-
mance at a level below ceiling at very long ISIs or on no-mask
trials.

In a masking study by Lawrence, Kee, and Hellige (1980), the
size of the target was adjusted separately for kindergarteners,
third graders, sixth graders, and college students to give 75%
correct recognition on no-mask trials. The target was an arrow
pointing in one of four directions; smaller arrows had to be
used with older subjects to equate identification performance
with that of the younger subjects. Using these stimulus condi-
tions, Lawrence et al. did not obtain the Age X 1SI interaction
found in previous studies. When Lawrence et al. used a target
that gave 100% correct recognition with no mask for all sub-
jects, an Age X 18I interaction occurred, reflecting a more

rapid improvement across ISI with increasing age. If the inter-
action had been caused by age differences in rate of processing,
then it should have occurred when the difficulty of target iden-
tification was controlled at 75% correct on no-mask trials. The
interaction might have been simply the result of younger chil-
dren’s having a more difficult discrimination task, even though
all groups were at performance ceiling with no mask. Lawrence
et al. also found age differences in forward masking when per-
formance was at performance ceiling, and they concluded ap-
propriately that this result also precluded attributing the back-
ward masking findings to differences in rate of visual process-
ing. Although developmental differences occur, these
differences do not necessarily mean that children have slower
rates of visual information processing than do adults. We agree
with Wickens (1974) that “some irreducible maturational dif-
ferences in processing are present” (p. 739). In the spirit of
Lawrence et al’s study, the goal of the present study was to
identify the locus of these age differences in auditory discrimi-
nation.

The three experiments converged on an optimal method of
controlling for overall performance differences between chil-
dren and adult subjects. In Experiment 1, the difficulty of the
task was adjusted to give near-perfect performance on a block
of no-mask trials presented before the experimental trials. In
Experiment 2, the difficulty of the task was adjusted during the
first 2 days of the experiment to give near-perfect performance
on no-mask trials. In Experiment 3, the difficulty of the task
was continuously adjusted throughout the experiment to give
an average of 75% correct performance.

Experiment 1
Method

Subjects. Three 8-year-old children of university faculty and staff
and 3 university students (ages 20, 26, and 29 years) were subjects. All
subjects in this and the subsequent experiments were able to perform
the task, 50 that no subjects were ¢liminated. Each subject had four
experimental sessions and was paid for his or her participation nsing a
payoff scheme based on the number of correct responses. Payment
ranged from $1.00 to $3.50 per session for each subject.

Materials and apparatus. The stimuli were recorded on audiotape
using a digitally controlled oscillator (Wavetek model 155) contrelled
by a PDP-8/L. computer. During the experimental sessions, a Sony
TC-270 tape recorder was used with Grason Stadler attenuators cali-
brated in [-dBsteps wired toeach channel. The attenuators allowed the
intensity of each channel to be independently adjusted. Qutput from
the attenuators was mixed and presented binaurally through head-
phones.

Each trial consisted of a standard tone, a comparison tone, and,
except on no-mask (NM) trials, a masking tone. The standard and
comparison were 20-ms 1000-Hz sine waves separated by a 500-ms
silent interval, The mask was a 200-ms {000-Hz triangle wave that
followed the comparison tone on % of the trials by a variable ISI of 10,
40, 80, 160, 250, 350, or 500 ms. On Y% of the trials, no mask was
presented. These eight “masking” conditions occurred with equal
probability. There were 6 s between trials, during which time the sub-
ject responded.

For “same” trials, the standard, comparison, and masking tones
were recorded on Channel 1, and for “different” trials, the standard
and masking tones were recorded on Channel 1 and the comparison
tone on Channel 2. The attenuator for Channel | was set at a fixed level
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for all subjects during all sessions. Thus, the standard and comparison
on “same” trials remained at a fixed intensity, as did the standard on
“different” trials and the mask on all trials. The attenuator controlling
Channel 2 {i.e., the comparison on “different” trials) was adjusted for
each subject. The level of the standard and comparison was about 84
dB SPL. On “different” trials, the comparison was attenuated from
this initial level.

Proceduyre. In the first session, a difference threshold was deter-
mined for each subject. There were 512 trials with the standard and
comparison tones but with no mask. An ascending and descending
method of limits was used to determine the amount of attenuation of
the comparison required for the subject to detect a loudness difference
from the standard. The goal was to converge on the minimum intensity
difference that gave threshold performance of 100% correct. Subjects
were instructed that sometimes the two tones would be the same loud-
ness and that sometimes the second tone would be a little softer. They
were told to respond same or different, if they were not sure, they were
to take a guess, They were told that they would receive 1€ for each
correct response, and after each response, they were told whether or
not it was correct.

In the second session, subjects received 96 no-mask trials and then
432 masking trials. The intensity of the comparison tone was reduced 5
dB below the difference threshold value determined in the hrst ses-
sion. This was necessary because pilot work had shown that the differ-
ence threshold for no-mask trials was too difficult a discrimination
during the masking trials. Before the masking trials, subjects were in-
structed that there would now usually be a third tone as well but that
their task was the same and that they should try to ignore the third
tone. Again, they were told to respond on each trial and to guess when
unsure, and feedback was given after each response. An cssential part
of the materials, at least for the younger subjects, was $5.00 of nickels
and pennies piled in front of the experimenter. Periodically, an appro-
priate amount, depending on the number of correct responses, would
be moved 1o the subject’s pile. With the younger subjects, a break was
taken at frequent intervals during all sessions 1o calculate their earn-
ings, count out the correct coins, and place them in a pile.

The third and fourth sessions each consisted of 432 masking trials
and provided the experimental data. For maost subjects, a session could
be completed in about | hr and could be done in a single day. For the
vounger subjects, however, it was occasionally necessary 1o extend a
session over 2 days when it became clear that they could not sustain
their concentration at one sitting. Testing for each subject was com-
pleted within | week.

Results

The difference threshold for each subject is shown in Table 1.
The younger subjects had higher thresholds, and these values
do not overlap for the two age groups. That is, the children
required a greater difference in intensity between the standard
and comparison to perform as accurately as the adults. The
mean performance during the initial 96 no-mask trials in S¢s-
sion 2 using these threshold levels was 96% correct for 8-year-
olds and 98% correct for adults.

The percentage correct at each IS is shown in the left panel
of Figure 3 for each age group for the third and fourth experi-
mental session combined. The first 16 (rials in each session
were eliminated from the analysis, yielding a total of 104 trials
over both sessions for cach subject at each of the ISI masking
conditions (including NM}), or a total of 312 observations for
each data point. Performance improved for both age groups as
the 18] increased, F(7, 28) = 24.04, p < .001. Although there
was no main effect of age, the difference in performance be-

Table 1
Intensity Difference (in dB) Necessary jor Criterion Detection of
Loudness Difference on No-Mask Trials

Group/subject Difference
Experiment |
Child
1 7
2 7
3 9
Adult
1 5
2 6
3 4
Experiment 2
Child
1 8
2 7
3 12
Adult
1 6
2 2
3 4

tween the children and adults increased at longer [Sls, F(7,
28)= 2.10, .05 > p < .1. Thus, the strategy of adjusting the
difficulty of the task in a preexperimental no-mask condition
was not successful in equating the difficulty of the task for the
children and adults.

Although the children were less accurate than the adults,
especially at the longer 1SIs, this age difference in performance
cannot be attributed to differences in the rate of processing
information or in the duration of preperceptual store. Children
also had poorer performance in the no-mask condition. The
no-mask trials presented among masking trials (see Figure 3}
were more difficult for both age groups than the no-mask trials
presented alone in the first session; the adults’ performance fell
from 98% correct to 83%, and the children’s from 96% to 75%.
Thus, it scems that whenever difficulty is introduced by the
presence of masking trials, it occurs for both children and
adults, The somewhat larger absolute difference for children
than for adults was not significant, and, even if it were, the
interaction would not necessarily be meaningful because per-
centage correct is not necessarily an interval scale (Krantz,
Luce, Suppes, & Tversky, 1971; Loftus. 1978).

It is clear that to control task difficulty across age, changes in
the intensity of the comparison tone should be made on the
basis of performance during masking trials. Our second experi-
ment was similar to the first, except that the comparison tone
was adjusted during the second session to maintain equal over-
all performance across age on masking trials,

Experiment 2
Method

Subjects. Three 6%- 10 7-year-old children of university faculty and
staff and 3 university students {ages 23, 26, and 35) were subjects.
Procedure. The materials, apparatus, and procedure were the same
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Figure 3. Percentage of correct identifications of the test tone as a function of the silent interval between
the test and masking tones. {The curve parameter is children versus adults. The three panels from left to
right correspond to the results of Experiments i, 2, and 3, respectively. ISI = interstimulus interval )

as in Experiment 1, with a few exceptions. The initial intensity of the
standard and comparison was about 87 dB, slightly greater than in
Experiment |; the procedure was altered primarily to include an ad-
Jjustment of the intensity of 1the comparison tone on the basis of perfor-
mance on masking trials. In the first session, each subject received 384
no-mask trials during which the difference threshold was determined
in the same way as in Experiment 1. The second session consisted of an
initial block of 32 no-mask trials followed by 400 trials including all
eight masking conditions. The intensity of the comparison in this ses-
sion began at the difference threshold level and was decreased by the
experimenter through the attenuators so that each subject’s perfor-
mance averaged approximately 75% across all conditions. This was
intended to produce comparable overall performance for the two age
groups, indicating that the task was equal in difficulty for the two
groups. The third and fourth sessions used this intensity level for the
comparison, and each of these sessions consisted of 400 trials.

Results

The difference thresholds in Experiment 2, as presented in
Table |, show an age difference similar to that obtained in Ex-
periment 1. The masking functions for Sessions 3 and 4 com-
bined are shown for each age group in the middle panel of
Figure 3. As in Experiment 1, the first 16 trials in each session
were eliminated from the analysis, vielding a total of 48 trials at
each 1Sl for each subject in each session and a total of 288
observations for each data point in Figure 3. As in Experiment
1, performance improved for both age groups as the 18I in-
creased, F(7, 28) = 103.43, p <.001. The interaction of group
and 18I was not significant, and no other effects approached
significance (for all Fs, p > .2). Thus, there appears to be age
constancy in backward masking,

Experiment 3

As can be seen in the middle panel of Figure 3, performance
in Experiment 2 was near or at ceiling for the three longest ISIs

and the no-mask condition. Overall performance continued to
improve during the experiment, and, therefore, adjusting task
difficuity before the experiment itself was not adequate. Exper-
iment 3 provided a more sensitive test of differences between
children and adults by adjusting the difficulty of the task con-
tinuously throughout all sessions of the actual experiment to
keep overall performance at 73% correct. If children process
amplitude information at a slower rate than do adults, the chil-
dren’s masking function should differ in both rate and asymp-
tote. The children's masking function should be above the
adults’ masking function at short ISIs and below it at long ISIs.
This predicted crossover interaction follows necessarily from a
processing-rate difference when overall performance is con-
strained to be 75% correct for each group. We also increased the
number of 1SIs greater than 250 ms in Experiment 3 to provide
a maore sensitive test of developmental differences in rate of
perceptual processing. Finally, we decreased the time required
for each trial by eliminating the comparison tone. Subjects
heard only a single target tone 10 be identified as loud or soft.

Method

Subjects. Five 6's- to 7-year-old children of university faculty and
staff and 5 university students between the ages of 18 and 22 years were
subjects.

Materials and procedure. The stimuli were recorded in the same
way as in Experiments | and 2, except that the standard tone was
climinated so that there was only one target tone on each trial. The
subjects’ task was to decide if the target was the “soft” tone or the
“loud™ tone. The loud tone and the mask were recorded on one channel
of the tape, and the soft tone was recorded on the other. Only the
intensity of the soft tone was changed during the experiment to adjust
the difficulty of the discrimination. On % of the trials, the mask fol-
lowed the target tone by a variable ISI of 40, 80, 160, 250, 350, 460, or
580 ms. As in the previous experiments, no masking tone was pre-
sented on % of the trials.

In the first session, each subject received 96 no-mask trials followed
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Figure 4. Percentage of correct identifications of the test tone as a function of the silent interval between
the test and masking tones for the 5 adults (left panel) and 5 children (right panel) in Experiment 3.

by 176 masking trials. On the first four no-mask trials, subjects were
told whether the target tone was loud orsoft, On subsequent trials, they
were to respond foud or soft and were given verbal and monetary feed-
back, as in the earlier experiments. The intensity difference between
the loud and soft targets was adjusted if necessary 10 maintain a speci-
fied level of performance. During the 96 no-mask trials in Session 1, if
the subject made less than three errors in a block of 16 trials, the
discrimination was made more difficult by increasing the soft tone I
dB in intensity. [f there were more than three errors, the discrimination
was made easier by decreasing the sofl tone 1 dB.

Sessions 2 through 6 each consisted of 352 experimental trials. The
intensity of the soft tone was increased | dB if the subject made three or
fewer errors on three consecutive blocks of 16 trials, and was decreased
1 dB if the subject made five or mere errors on three consecutive
blocks. It should be noted that the intensity was changed between
blocks of trials so that every masking condition was tested the same
number of times at each intensity level.

Results

As in the previous experiments, the first 16 trials in each
session were eliminated, yielding 21 observations for each sub-
ject for each test tone at each IS] in each session. Performance
during the last four sessions was analyzed; the first two sessions
were treated as practice days. The procedure of adjusting diffi-
culty throughout the experiment was successful, with the chil-
dren and adults averaging 74% and 71% correct, respectively.
The right panel of Figure 3 shows the overail percentage of
correct judgmenis as a function of 1S, with group as the carve
parameter. Figure 4 gives the masking functions for each sub-
ject. An analysis of variance (ANOVA) was carried out on the
percentage of correct judgments, with test tone, session, ISI,
and group as factors. As in the previous experiments, there was
a main effect of IS, F(7, 56} = 47.3, p < .001, indicating that

discrimination improved with increases in the 1SI. Group, ses-
sion, and interactions with these variables did not reach signifi-
cance.

The only other significant result was an interaction between
test tone and IS], F(7, 56) = 7.91, p <.001. Figure 5 plots this
interaction, showing that performance at the short ISIs was
poorer and improved more for the soft than for the loud test
tone. This result replicates previous masking studies of loud-
ness and shows that the masking tone has an additional effect of
increasing the apparent loudness of the test tone (Massaro &
Idson, 1978). Thus, performance is better at short masking in-
tervals for the loud tone than for the soft tone. In addition,
performance is better for the soft tone when no masking tone is
presented.

In addition to the percentage-correct analyses, 2’ values were
computed. The proportion of “loud” judgments (averaged
across the last four sessions) given to the loud test tone was
defined as the hit rate, and the proportion of “loud” judgments
given the soft test tone was defined as the false-alarm rate. The
ANOVA on 4’ values replicated the analysis on percentage
correct. With respect to the developmental contrast of interest,
group did not interact with ISI, F(7, 56) = 1.401, p=.223. The
effect of ISl was significant, F(7, 56) = 42.3, p < .0001. The
effect of group was also significant, £(1, 4) = 5.92, p < .05,
indicating a slight performance advantage for the children.

The d’ results for the means for each group were computed
first by averaging the proportions across subjects within a
group and then by computing &' values. Equation 1 was fit to
the d’ values using the parameter estimation routine STEPIT
(Chandler, 1969). For each group, estimates of & and # were
determined to maximize the fit between the predicted and ob-
served results. These predicted and observed masking func-
tions are plotted in Figure 6. As can be seen, the lines predicted
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Figure 5. Percentage of correct identifications of the test tone as a
function of the silent interval between the test and masking tones.
{Experiment 3; the curve parameter is the loud versus the soft test
tone. ISI = interstimulus interval}

by Equation ! come close to the observed points. The estimated
value of @ was 5.01 for adults and 5.03 for children. The esti-
mated value of & was 1.70 for adults and 2.02 for children. The
parameter values and root-mean-square deviation values for
the fit are shown in Table 2. As can also be seen in Figure 6, the
model gives a good description of the improvement in perfor-
mance with increases in processing time, The good fit of the
model and the fact that the parameter estimates for rate of
processing did not differ much for the children and adult sub-
jects is strong evidence for constancy in the rate of processing
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Figure 6. Performance measured in d' values as a function of the silent
interval between the test and masking tenes. (Experiment 3; the curve
parameter is children versus adults. The 95% confidence interval for
each point is +.248. ISI = interstimulus interval.)

Table 2
Parameter and Root-Mean-Sgquare Deviation
Yalues for Group Means

Group o [ rmsd
Adulis 1.7033 5.0099 116
Children 2.0158 5.0254 064

across development. Thus, the mathematical analysis supports
the ANOVA of 4" and percentage correct values showing no
developmental differences in rate of processing when differ-
ences in information are controlled.

Of concern in the present series of experiments is a lack of
power—a Type | error of failing to reject the null hypothesis
when it is, in fact, false. It is possible that children do process
amplitude information at a slower rate but that we simply failed
to detect this difference because of low power. Thus, it is neces-
sary to determine the degree to which the present experiments
were sensitive to developmental differences in rate of percep-
tual processing. We adopted the strategy of testing a few sub-
jects in each experiment intensively rather than testing many
subjects for just a few cbservations. We believe that this strategy
is valuable because of the increased fidelity that is achieved in
intensive testing with many repeated measures for the same
subject. The critical hypothesis tested in Experiment 3 is
whether the children’s masking function differs from the mask-
ing function of adults. Given that overall performance for a
given subject was constrained to be about 75% correct, signifi-
cantly different masking functions would necessarily producea
crossover interaction between group and ISI.

To address the power issue, a Monte Carlo analysis was
carried out to obtain some idea of the amount of power that we
had in Experiment 3. This analysis was carried out on both
percentage correct and &’. An overall percentage-correct score
was computed for the results of each subject at each ISI (pooled
over test tone and the four sessions of the experiment proper),
and an ANOVA was carried out on these values. The group
factor did not interact with ISI, F(7, 32) = 1.052, p = .407.
Similarly, there was no Group X ISI interaction for 4’ values,
computed from the hits and false alarms of each subyect at each
IS, (7, 32) = 1.401, p=.223. The MS,s for these two nonsig-
nificant Group x ISI interactions were used as the estimates of
variability in the Monte Carlo analysis.

Given the observed variability in the rate of processing in
adults (Kallman & Massara, 1979; Massaro, 1970b), we believe
that a meaningful difference in the rate of processing between
children and adults should be at least a factor of 2 or 3. In the
first analysis, we assumed that it was important to detect a 8
difference of 5 (¢ = 2.5 for children and 7.5 for adults). Given
that the difficulty of the discrimination task was systematically
varied to maintain performance around 75% correct, a signifi-
cant difference in 0 values would also result in a significant
difference in « values. That is, if children process the test tone
at 3 slower rate than do adults, then their performance will
necessarily be better than that of the adults at short [SIs and
poorer than that of the adults at long ISIs. Thus, it was neces-
sary to obtain the appropriate & values with ¢ values of 2.5 and
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Table 3
Number of Significant Hypothetical Experiments (of 1,000) in
the Monte Carlo Analysis (Experiment 3)

Children's/adult’s 8 d Percent correct
2.5/7.5 990 967
3.0/7.0 874 )
3.5/6.5 548 489
4.0/6.0 244 201

Note. Significance was at the .05 level. # = rate of perceptual process-
ing.

7.5 for children and adults, respectively, given the constraint of
similar overall performance. Specifying the rate of processing
and the overall level of performance necessarily constrains the
value of a. Thus, STEPIT was used to compute the & values for
the children and the adults by constraining performance to be
72.7%—the value actually obtained in Experiment 3. These «
values were 2.51 for children and 1.60 for adults.

An average masking function in d" units was generated for the
children using a = 2.51 and # = 2.5. Similarly, an average mask-
ing function was generated for the adults using e = 1.60 and # =
7.5. Using the variability estimated from the actual experi-
ment, we carried out a hypothetical experiment by creating two
groups of five simulated subjects each by adding this variability
to the average masking functions. The variance was assumed to
be normally distributed, with a mean of 0 and a standard de-
viation of 0.283. An ANOVA was then carried out on these
data. We repeated this for 1,000 hypothetical experiments. For
the &' valucs, 990 of the 1,000 experiments showed a significant
Group X ISI interaction at the .05 significance level. This inter-
action was significant for 967 of the 1,000 experiments, using
the percentage correct values. Thus, the Monte Carlo analysis
indicates that our experiment was sensitive to a difference of 5
in rate of processing between chiidren and adults.

This Monte Carlo analysis was repeated for 8 differences of 4,
3, and 2. The & and estimated « values are given in Table 3. As
can be seen, Experiment 3 was sensitive to a # difference of 4 or
5, but not 2 or 3. Figure 7 gives the expected masking functions
for the four 4 differences. As can be seen, @ differences of 2 or 3
produce fairly small differences and might not be considered to
be psvchologically significant. Thus, we can conclude that Ex-
periment 3 provided a reasonably powerful test of the hypothe-
sis that children and adults differ by a factor of 2 or 3 in rate of
perceptual processing.

Our conclusions obviously have limited generality. One can-
not verify the null hypothesis (or any hypothesis). The null re-
sults for amplitude discrimination might not hold in other do-
mains, although backward recognition masking appears to be
similar for pitch, amplitude, timbre (Hawkins & Presson, 1986;
Massaro, 1975a), and speech (Massaro, 1975h).

Discussion

In summary, a backward masking task was used to measure
the develepment of auditory perceptual processing. When a
brief target stimulus is followed by a mask, perceptual process-

ing of the target is terminated. This task allows one to deter-
mine the time course of perception; an important issue is
whether young children have a slower rate of perceptual process-
ing than adults. We defined rate of processing within an explicit
model of perceptual performance, which allowed us to deter-
mine if rate was responsible for the abserved developmental
differences in amplitude discrimination. A quantilative model
of perceptual processing gave similar estimates for the rate of
perceptual processing in children and adult subjects. Thus, we
conclude that school-age children process amplitude informa-
tion at the same rate as adults.

The only positive finding of preperceptual memory or of rate
differences in the processing of sound has come from infants
tested in a nonnutritive sucking procedure (Cowan, Suomi, &
Morse, 1982). The infants were given repeating pairs of vowels
in which the first vowel in the pair changed. To the extent that
the infants recognized these differences, they should have
showed less habituation to continuous presentation of the
vowel pairs. Extending the interval between the vowels ofa pair
is analogous to the manipulation of [S] in backward masking.
The infants in the previous study revealed a release from back-
ward masking with 400 ms between the onsets of the vowels but
not with a 230-ms stimulus onset asynchrony. If 250 ms is taken
as the asymptote in adult research, it appears that infants may
have a slightly longer auditory store. Although this finding
could be consistent with the lack of maturation of the cortex in
infants, it is difhcult to make a direct comparison between the
widely different tasks used with the two populations. Relative
to preperceptual memory, a longer term auditory memory
might play a much more fundamental role in the infant task
than in the standard masking task, and this may be responsible
for the differences that have been observed (Kallman & Mas-
saro, 1979, 1983). In addition, given the negatively accelerated
form of the masking function, it is difficult to distinguish be-
tween 250- and 400-ms asymptotes. In fact, a number of typical
backward masking studies {Massaro, 1970b) have had some
slight improvement in performance beyond the 250-ms inter-
val; thus, preperceptual auditory store may extend somewhat
longer than this value,

The Rate Versus Asymptote Distinction

The distinction between asymptoie and rate components ofa
backward masking function is a fundamental, if not easily for-
mulated, enterprise. The function and its two parameters are
meaningful only if performance does not show floor or ceiling
effects. With floor or ceiling effects, estimation of the parame-
ters is not meaningful because more than one set of parameters
can describe such a function. If performance is not at the floor
and asymptotes are not at a level of performance below perfect
accuracy, the parameters of Equation | are uniguely con-
straingd by the results,

Similar issucs have been confronted in the study of the devel-
epment of long auditory storage that lasts on the order of sec-
onds (Engle, Fidler, & Reynolds, 1981). One of the most popu-
lar paradigms is the suffix effect, in which a list of items pre-
sented auditorily for serial recall is followed by a terminal item.
Even though the final item does not have to be recalled, it
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Figure 7. Expected masking functions for the four ¢ differences measured in 4’ values as a function of the
silent interval between the test and masking tones. (The curve parameter is the children versus the adult
predictions. The 93% confidence interval for each point, based on the observed variance in Experiment 3,

1s +.248. IS = interstimulus interval)

interferes with recall of the final items in the list, Developmen-
1al studies using identical stimulus lists across age are suscepti-
ble to floor and ceiling effects that preclude any meaningful
interpretation of the results. To overcome this problem, Engle
et al. (1981) determined each individual’s digit span and varied
list length with respect to that span. Even though vounger chil-
dren required shorter list lengths, the suffix effect could be
assessed without an overall difference in performance. Using
this basis of comparison, comparable effects were observed
among 7- and 11-year-olds and adults.

Studies failing to account for rate and asymptotic perfor-
mance in backward masking are ambiguous with respect to
locating developmental differences in perceptual as opposed to
sensory, memory, or decision processes. As an example, Walsh
and Prasse (1980) performed a systematic serics of visual mask-
ing studies across the adult life span. The dependent variable
was the amount of target energy (by varying target duration)
that was necessary to escape masking. As might be expected
from the arguments developed in this article, this value was
greater for old than for young adults. That is, the old require a
longer ISI than the young to escape masking. These results
cannot be taken 1o reflect differences in the rate of perceptual
processing, however, because they might simply reflect a loss of
visual acuity with age. Supporting this conclusion is the finding
of similar results for pattern masking and luminance masking.
The former could be conceptualized as reflecting the time
course of the perceptual process, but the latter can be ac-
counted for in terms of temporal integration of sensory infor-
mation (Turvey, 1973). Thus, the differences observed in both
pattern and luminance masking are most easily accounted for
by differences in overall sensitivity rather than by differences in

both the temporal course of the perceptual process and the
sensory integration process.

Qur view complemems the view of Salthouse (1982), who
also questioned the strategy of comparing different groups of
subjects who are at different performance levels. As an exam-
ple, consider the argument that the elderly have less ability to
divide attention between two simultaneous tasks (Burke &
Light, 1981). If performance on a single task is poorer for the
eiderly relative to younger adults, the decrement observed in the
dual task will probably be greater for the elderly subjects inde-
pendent of any age difference in attention. In fact, depending
on the overall levels of performance, the interaction might go in
either direction because of statistical reasons even though there
is no difference in dividing attention (Chapman & Chapman,
1973). More generally, an interaction of some independent vari-
able with age is not necessarily diagnostic when the overall level
of performance is not equated between the different groups of
subjects.

We believe that the cued partial-report task developed by
Sperling (1960) has not always been used appropriately to assess
developmental differences in the rate of perceptual processing.
In this task, performance accuracy decreases systematically to
a performance asymptote with increases in the ISI between the
test display and the partial report cue. Early studies by Haith
and colleagues (Haith, Morrison, & Sheingold, 1970; Haith,
Morrison, Sheingold, & Mindes, 1970; Sheingold, 1973) have
been interpreted as demonstrating an absence of developmen-
tal differences in the time course of perceptual recognition.
The results, considered together, appear to be rather unreliable
given the discrepancies in performance differences across de-
lays of the partial report cue. Gummerman, Ersoff, and Leitner



94 DOMINIC W. MASSARO AND DEBORANR BURKE

(1975) found large differences between children and adults us-
ing a similar task. Adults revealed a longer time course across
ISI to reach asymptote compared with children. If the partial-
report advantage relative to asymptotic performance were
taken as an index of the duration of preperceptual memory,
adults would be considered to have this memory for a longer
period than do children. However, other interpretations are
possible because the task involves a number of component pro-
cesses such as detecting the indicator cue and switching atten-
tion to the cued position. If children took longer for either or
both of these processes, their function would reach asymptote
earlier than would the function for adults even if the duration of
preperceptual memory and the rate of readout were equivalent
for the two groups (Averbach & Coriell, 1961)

Sensory and Cognitive Contributions to Performance

Why do we find a developmental difference in asymptote
that ¢can be compensated for by increasing the psychophysical
difference between the test tones in the backward masking
task? There 1s evidence to implicate sensory, memory, and re-
sponse processes. Both infants and preschool children appear
to be less sensitive to absolute and relative sound intensity than
are adults (Eagles, Wishik, Doerfler, Melnick, & Levine, 1963,
cited in Pick & Pick, 1970; Elliot & Katz, 1980; Roche, Siervo-
gel, Himes, & Johnson, 1978; Schneider, Trehub, Morrongiello,
& Thorpe, 1986; Sinnott & Aslin, 1985). Morse and Cowan
(1982) reported that infants are anywhere between 10 and 30 dB
less sensitive to sound than adults. Sinnott and Aslin (1985)
found that infants could discriminate intensity differences only
if these differences were anywhere from 1 to 10 d B greater than
those discriminated by adults. Eagles et al. (cited in Pick &
Pick, 1970) found an increase in absolute sensitivity with in-
creases in age from 5 to 12 years, but we have not found a study
of relative discrimination of intensity in this age range. One
possible basis for poorer sensilivity in younger children is that
although the middle and inner ear are about the same size as
those of adults, myelination is not complete at birth.

Consistent with the suspected differences in auditory sensitiv-
ity between children and adults is the child’'s poorer discrimina-
tion of fundamental speech contrasts. Children have been ob-
served to be less sensitive than adults to differences in vowel
duration. Krause (1982) varied vowel duration to create a con-
tinnum of vowels between /bipf and /bib/ Increasing vowel
duration led to a systematic increase in the identification of the
voice alternative, and this function was steeper for adults than
for 3- and 6-year-olds. Similarly, the discrimination of the voic-
ing of stop consonants (Zlatin & Koeningsknecht, 1975} and
the place of articulation of fricatives (Massaro, 1987; Phatate &
Umane, 1981; Synder & Pope, 1970} has been shown to improve
with development. Massaro (1987} studied discrimination of
an auditary /ba/~/da/ continuum; adolescents revealed better
discrimination of this continuum than did preschoolers.

With respect 10 memory, there is evidence for the develop-
ment of an articulatory loop—a system for subvocally repeat-
ing words and phrases (Hitch & Halliday, 1983). Better memory
has been shown for faster rates of articulation and has been
interpreted in terms of the efficiency of subvocal rehearsal.
There is also evidence that older children can articulate at a

faster rate than younger children (Hitch & Halliday, 1983).
Thus, the adults in our experiment may have been more effi-
cient in rehearsing the test tones throughout the experiment.
More accurate rehearsal for the adults would enable them to
perform a more difficult task, giving them an advantage over
the children.

Response processes might also account for some of the dif-
ferences between adults and children. Cirrin (1984} found dif-
ferences in lexical decision times between children and adults
that might be adequately accounted for by response processes.
There were very similar influences of word frequency and age
of acquisition with spoken words across age and similar effects
of codability and frequency in picture naming across age. The
effects of these variables should have interacted with age if per-
ceptual and memory processes were responsible for the age
differences. The overall performance difference with age seems
more reasonably accounted for by response processes in the
task.

Another conceptualization of auditory backward recogni-
tion masking is in terms of temporal summation on the basis of
integration in the auditory sensory system (Cowan, 1984; Zwis-
locki, 1969). According to this view, neural activity is largest at
stimulus onset and decreases to an asymptotic level by about
200 ms. The neural activity is integrated across time, with the
most recent activity weighted most heavily in terms of the sen-
sory representation. Backward masking would be explained by
the integration of the test and masking tones, with a greater
contribution of the mask at shorter ISIs. Cowan (1984) demon-
strated that Zwislocki’s (1969) quantitative model of this pro-
cess and Massaro’s (1970b) model make indistinguishable pre-
dictions. In the framework of Zwislocki’s model, the equiva-
lence of rate effects across age would imply identical periods of
temporal integration. Given either of the two models, the dif-
ferences in asymptote could be interpreted in terms of differ-
ences in auditory sensitivity, maintaining the appropriate mem-
ory representations of the test tones, efficiently matching the
stimulus input with the memory representations, and holding a
fairly constant decision criterion. Any or all of these differences
could conceivably lead to asymptotic differences in perfor-
mance without differences in rate of processing.

References

Anderson, N. H. (1963). Comparisan of different populations:; Resis-
tance to extinction and transfer. Psychological Review; 70, 162179,

Arnett, J. L, & Di Lolle, V (1979). Visual information processing in
relation to age and to reading ability. Journal of Experimental Child
Psychology, 27, 143-152.

Aslin, R, N, Pisoni, D. B, & Jusczyk, B W, (1983). Auditory develop-
ment and speech perception in infancy. In M. Haith & J. Campos
(Eds), Carmichaels manual of child psychology: Vol 2. Infancy and the
hiology of development (pp. 573-687). New York: Wiley.

Averbach, E.,, & Coriell, A. T. (1961). Short-term memory in vision.
Bell System Technical Journal, 40, 309-328.

Blake, J. (1974). Developmental change in visual information process-
ing under backward masking, Journal of Experimental Child Psychol-
ogy 17, 133~146.

Breitmeyer, B. G. (1984). Visual masking: Anintegrative approach. New
York: Oxford University Press.

Burke, D. M. (1975). Developmenial changesin speech perception: Accu-



PERCEPTUAL DEVELOPMENT 95

racy and response time jor identifying words in noise. Unpublished
doctoral dissertation, Columbia University, New York.

Burke, D M., & Light, L. L. (1981). Memory and aging: The role of
retrieval processes. Psychological Bulletin, 90, 513-546.

Chandler, J. P. (1965). Subroutine STEPIT-Finds local minima of a
smooth function of several parameters. Behavioral Science, 14, 81-
82.

Chapman, .. I, & Chapman, J. P. (1973). Problems in the measure-
ment of cognitive deficit. Psychological Bulletin, 79, 380-385.

Cirrin, E M. (1983). Lexical access in children and adults. Developmen-
tal Psychology, 19, 452-460.

Cirrin, E M. (1984). Lexical search speed in children and adults. Jour-
nal of Experimental Child Psychology, 37, 158-175.

Cowan, N. (1984). On short and long auditory stores. Psychological
Budlletin, 96, 341-370.

Cowan, N, Suomi, K., & Morse, P A. (1982). Echoic storage in infant
perception. Child Development, 53, 984-99Q.

Ellot, L. L., & Katz, D. R, (1980). Children’s pure-tone detection. Jour-
ral of the Acoustical Society of America, 67, 343-344,

Engle, R. W, Fidler, I. S., & Reynolds, L. H. (1981). Does auditory
memory develop? Journal of Experimental Child Psychology, 32,
459473,

Green, D. M., & Swets, J. A. {1966), Signal detection theory and psycho-
physics. New York: Wilew

Gummerman, K., Ersoff, J., & Leitner, E. (1975, November). Age and
visual information processing. Paper presented at the meeting of the
Psychonomic Society, Denver, CO.

Gummerman, K., & Gray, C. R. (1972). Age, iconicstorage, and visual
information processing. Journal of Experimental Child Psvchology,
13, 165-170.

Haith, M. M., Morrison, F J., & Sheingold, K. (1970). Tachistoscopic
recognition of geometric forms by children and adults. Psychonomic
Sclence, 19, 345-347.

Haith, M. M., Morrison, E I, Sheingold, K., & Mindes, P (1970).
Short-term memory for visual information in children and adults.
Journal of Experimental Child Psychology, 9, 454-469.

Hawkins, H. L., & Presson, J. C. (1986). In K. R. Boff, L. Kaufman, &
J. P. Thomas (Eds). Harndbook of perception and human perfor-
mance: Vol 2. Cognitive processes and performance (pp. 26-1-26-64).
New York: Wiley.

Hitch, G. J.,, & Halliday, M. S. (1983). Working memory in children.
Philosophical Transactions of the Royal Society of London, 302, 325-
340.

Irwin, R. ], Ball, A. K. R, Kay, N, Stillman, J. A., & Rosser, I. (1985).
The development of auditory temporal acuity in children. Child De-
velopment, 56, 614-020.

Kallman, H. J,, & Massaro, D. W, {1979). Similarity effects in backward
recognition masking. Journal of Experimental Psychology: Human
Perception and Performance, 5, 110-128.

Kallman, H. J., & Massaro, D. W (1983). Backward masking, the suffix
effect, and preperceptual storage. Journal of Experimental Psychol-
ogy: Learning, Memory, and Cognition, 9, 312-327.

Krantz, D, H, Luce, R, D, Suppes, P, & Tversky, A. (1971). Foundu-
tions of measurement (Vol. 1). San Diego, CA: Academic Press.

Krause, S. E. (1982). Vowel duration as a perceptual cue to postvocalic
consonant voicing in young children and adults. Journal of the
Acoustical Society of America, 71, 990-995.

Lawrence, ¥ W, Kee, D. W, & Hellige, J. B. (1980). Developmental
differences in visual backward masking. Child Development, 51,
10811089,

Liss, P H., & Haith, M. M. (1970). The speed of visual processing in
children and adults; Effects of backward and forward masking. Per-
ception & Psychophysics, 8, 396-398.

Loftus, G. R. (1978). On interpretation of interactions. Memory & Cog-
nition, 6, 312-319,

Massaro, D. W (1970a). Preperceptual auditory images. Journal of Ex-
perimental Psychology, 85, 411-417.

Massaro, D W {(1570b). Perceptual processes and forgetting in mem-
ory tasks. Psychological Review, 77, 557-567.

Massaro, D. W (1972). Preperceptual images, processing time, and
perceptual units in auditory perception. Psychological Review, 79,
124-145.

Massaro, D. W, (1975a). Experimental psychology and information pro-
cessing. Chicago: Rand McNally.

Massaro, D. W (Ed ). 1975b). Understanding language: An information
processing analysis of speech perception, reading and psycholinguis-
tics. San Diego, CA: Academic Press.

Massaro, D. W. (1977). Rate of perceptual processing, Psychological
Research, 39, 277-283.

Massaro, D. W, (1979). Reading and listening. In P. A, Kolers, M. Wrol-
stad, & H. Bouma (Eds), Processing of visible language (Vol. 1, pp.
331-354). New York: Plenum Press.

Massaro, D. W, (1987). Speech perception by ear and eye: A paradigm
Jor psychological inquiry: Hillsdale, NJ. Erlbaum.

Massaro, D. W. (1989). Experimental psychology: An information pro-
cessing approach. San Diego, CA: Harcourt Brace Jovanovich.

Massaro, D. W, & Idson, W. L. (1978). Target-mask similarity in back-
ward recognition masking of perceived tone duration. Perception &
Psychaphysics, 24, 225-236.

Miller, L. K. (1972). Visual masking and developmental differences in
information processing. Child Development, 43, T04-709.

Morrison, F. I, Holmes, D. L., & Haith, M. M. (1974). A developmental
study of the effect of familiarity on short-term visual memory. Jour-
ral of Experimental Child Psychology, 18, 412-425.

Morse, P. A., & Cowan, N. (1982). Infant auditory and speech percep-
tion. In T. M. Field, A. Huston, H. C. Quay, L. Troll, & G. E. Finley
(Eds), Review of fniman development (pp. 32-61). New York: Wiley.

Nettelbeck, T, & Wilson, C.{1985). A cross-sectional analysis of devel-
opmental differences inspeed of visual processing. Journal of Exper-
imental Child Psychology, 40, 1-22.

Phatate, D. D, & Umano, H. (1981). Auditory discrimination of voice-
less fricatives in children. Journal of Speech and Hearing Research,
24, 162-168.

Pick, H. L., Jr, & Pick, A. D. (1970}. Sensory and perceptual develop-
ment. In P H, Mussen (Ed ), Carmichaels manual of child psychol-
ogy. New York: Wiley.

Roche, A. F, Siervogel, R. M., Himes, I. H.,, & Johnson, D. L. (1978).
Longitudinal study of hearing in children: Baseline data concerning
auditory thresholds, noise exposure and biological factors. Journal of
the Acoustical Society of America, 64,1593-1601.

Salthouse, T. A. (1982). Adult cognition. New York: Springer-Verlag.

Schneider, B. A, Trehub, 8. E., Morrongiello, B. A, & Thorpe, L. A.
(1986). Auditory sensitivity in preschool children. Jowrnal of the
Acoustical Society of America, 79, 447-452,

Sheingold, K. (1973). Developmental differences in intake and storage
of visual differences. Journal of Experimental Child Psychology, 16,
1-11.

Sinnott, J. M., & Aslin, R. N. {1985). Frequency and intensity discrimi-
nation in human infants. Journal of the Acoustical Socieiy of Amer-
ica, 78, 1986-1992.

Snyder, R. T, & Pope, P. (1970). New norms for an item analysis of the
Wepman iest at the first grade, six-ycar-level. Perceptual and Motor
Skills, 31, 1007-1010.

Sperling, G. (1960). The information available in brief visual presenta-
tions. Psychological Monographs, 74(11, Whole No. 498).



96 DCOMINIC W MASSARO AND DEBORAH BURKE

Tallal, P.(1973). Auditory perception in childhood developmental dysth-
asia. Unpublished doctoral dissertation, Cambridge University,
Cambridge, England.

Templin, M. (1957). Certain language skills in children. Minneapolis:
University of Minnesota Press.

Turvey, M. T. {1973). On peripheral and central processes in vision:
Inferences from an information-processing anaiysis of masking with
pattered stimuli. Psychological Review 80, 1-52,

Tyler, L. K., & Marslen-Wilson, W D. (1981). Children’s processing of
spoken language. Journal ofVerbal Learning and Verbal Behavior, 20,
400-416.

Walsh, D A, & Prasse, M. J. (1980). Iconic memory and attentional
processes in the aged. In L. W Poon, J. L. Fozard, L. S, Cermak, D.
Arenberg, & L. W Thompson (Eds), New directions in memory and
aging (pp. 153-180). Hillsdale, NJ; Erlbaum.

Welsandt, R. E, Jr, Zupnick, J. J, & Meyer, P A. (1973). Age effects in

backward visual masking (Crawford Paradigm). Journal of Experi-
mental Child Psychology, 15, 454-461.

Wepman, J. (1958). The Auditory Discrimination Test. Chicago: Lan-
guage Research Associates.
Wickens, C. D. (1974). Temporal limits of human information process-
ing: A developmental study. Psychological Bulletin, 81, 739-7535.
Zlatin, M. A, & Koeningsknecht, R. A. (1975). Development of the
voicing contrast: Perception of stop consonants. Journa! of Speech
and Hearing Research, 18, 541-553.

Zwislocki, J. J. (1969), Temporal summation of loudness: An analysis.
Journal of the Acoustical Soctety of America, 46, 431-440.

Received August 14, 1989
Revision received July 15, 1990
Accepted July 19,1990 =

should be directed as follows:

55455.

( Butcher, Geen, Hulse, and Salthouse Appointed
New Editors, 1992-1997

The Publications and Communications Board of the American Psyvchological Association
announces the appointments of James N. Butcher, University of Minnesota; Russell G. Geen,
University of Missouri; Stewart H. Hulse, Johns Hopkins University; and Timothy Salthouse,
Georgia Institute of Technology as editors of Psychological Assessment: 4 Journal of Consulting
and Clinical Psychology, the Personality Processes and Individual Differences section of the
Journal of Personality and Social Psychology, the Journal of Experimental Psychology: Animal
Behavior Processes, and Psychology and Aging, respectively. As of January 1, 1991, manuscripts

» For Psychological Assessment send manuscripts to James N. Butcher, Department of Psychol-
ogy, Elliott Hall, University of Minnesota, 75 East River Road, Minneapolis, Minnesota

e For JPSP: Personality send manuscripts to Russell G. Geen, Department of Psychology,
Unmiversity of Missouri, Columbia, Missouri 65211.

* For JEP: Animal send manuscripts to Stewart H. Hulse, Johns Hopkins University, Depart-
ment of Psychology, Ames Hall, Baltimore, Maryland 21218,

¢ For Psychology and Aging send manuscripts to Timothy Salthouse, Georgia Institute of
Technology, School of Psychology, Atlanta, Geargia 30332,

Manuscript submission patterns make the precise date of completion of 1991 volumes uncer-
tain. Current editors will receive and consider manuscripts through December 1990. Should
any 1991 volume be completed before that date, manuscripts will be redirected to the newly
appointed editor-elect for consideration in the 1992 volume.




