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Age differences in discrimination of simulated
single-formant frequency transitions
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We studied auditory discrimination of simulated single-formant frequency transitions that resem-
bled portions of certain speech consonants. Significant age differences in transition discrimina-
tion occurred; both children and older adults required larger acoustic differences between transi-
tions for discrimination than did teenagers/young adults. Longer transitions were more easily
discriminated than shorter transitions by all listeners, and there were no differences between
discriminations of rising and falling transitions. Teens/young adults and older adults, but not
children, required larger frequency differences to discriminate frequency transitions followed by
a steady-state sound than for transitions alone. There were also age differences in discrimina-
tion of steady-state sounds. These developmental-perceptual differences may help explain why
children and older adults who have good pure-tone sensitivity may experience difficulty in un-

derstanding speech.

Interest in discrimination of frequency transitions (i.e.,
glissandi) by human listeners has been motivated by rea-
sons as diverse as the potential relation of this discrimi-
nation to speech perception (e.g., Nabelek & Hirsh, 1969)
and the possible utilization of this skill in the design of
new human-machine systems (Sergeant & Harris, 1962).
Studies that address this issue have typically used pure
tones that changed in frequency, although some work has
used noise bands (e.g., Collins, Cullen, Porter, & Jack-
son, 1988). The listener’s task has included determining
whether a tone changed to a higher or lower frequency
(e.g., Pollack, 1968; Sergeant & Harris, 1962), judging
which of two observation intervals contained the fre-
quency transition (e.g., Gardner & Wilson, 1979), or an-
swering whether two stimuli were the *‘same’’ or *‘differ-
ent”’ (e.g., Nabelek & Hirsh, 1969). There has been no
standard approach to the experimental variables manipu-
lated; duration of the frequency transition, extent of the
frequency change, and the general frequency region of
the glissandi have all been investigated. To date, no work
has addressed the question of how age affects the ability
to discriminate frequency transitions.

Although it is known that infants can discriminate
speech sounds (e.g., Eimas, Siqueland, Jusczyk, &
Vigorito, 1971; Kuhl, 1979), it has also been shown that
young children require more acoustic information than
do older children or young adults in order to identify
highly familiar words (Elliott et al., 1979; Elliott & Katz,
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1980) or to discriminate computer-synthesized speech
sounds (Elliott, 1986; Elliott, Busse, Partridge, Rupert,
& DeGraaff, 1986; Elliott, Longinotti, Meyer, Raz, &
Zucker, 1981). Abundant evidence has also demonstrated
that listeners over 60-65 years of age usually do not un-
derstand speech as well as do younger adults (Working
Group on Speech Understanding and Aging, 1988). This
occurs among those with sensitivity for pure tones within
the normal range as well as for those who have developed
a hearing loss.

Much speech-perception research has used consonant-
vowel (CV) syllables as stimuli. For example, there has
been extensive study of perceptlon of the voiced consonants
associated with /ba/-/da/-/ga/,! which are differentiated
perceptually, in large part, because the listener dis-
criminates frequency transitions, or changes in *‘formants.”
Both young children (Elliott et al., 1981) and older adults
(Elliott, Busse, & Bailet, 1985) exhibit poorer discrimina-
tion of these CVs than do young adults. Because discrimi-
nation of these CVs involves discrimination of different
rates of frequency change, we were interested in examining
the ability of listeners of widely different ages to discrim-
inate frequency changes that simulate the second formants
of speech. Two transition durations were used because in-
vestigators have recently explored the question of whether
durational modification of speech stimuli enhances iden-
tification (e.g., Gordon-Salant, 1986b). Transitions alone
and transitions followed by a steady-state sound were used
because, as long as three decades ago, Samotilova (1959)
suggested that the greater intensity of vowel sounds ex-
erts a masking influence on the less intense, preceding
consonant sounds. Age-related differences in discrimina-
tion of steady sounds have been demonstrated (e.g.,
Eguchi, 1976); therefore, to allow comparison with the
just noticible differences (jnds) for transitions, discrimi-
nation of steady-state sounds was also measured.

Copyright 1989 Psychonomic Society, Inc.
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METHOD

Subjects

Young children, teens/young adults, and older adults were
recruited from the local area to serve as listeners. They participated
for payment, with 16 subjects (8 females and 8 males) per age group.
The ages were: children, 7 years 9 months to 9 years 10 months
(mean = 8 years 10 months); teens/young adults, 16 years 3 months
to 21 years 3 months (mean = 18 years 10 months); older adults,
64 years 4 months to 80 years 3 months (mean = 71 years 7 months).
All participants and parents of the children gave informed written
consent.

Conventional air-conduction thresholds were obtained in both ears
at octave frequencies from 500 to 2000 Hz; all subjects selected
had normal auditory sensitivity (i.e., average sensitivity at these
frequencies equal to or better than 25 dB hearing level [ANSI, 1970].
Unless the subject preferred the left hand and used the left ear when
telephoning, or unless the left ear had considerably better sensitiv-
ity than the other, the right ear was the test ear. All subjects were
required to have normal middle-ear pressure (i.e., normal tympan-
grams) in the test ear, and none showed evidence of any other au-
ditory pathology.

Stimuli

Computer-generated stimuli were classified according to whether
they contained frequency transitions or were steady-state. All stimuli
with transitions were further classified according to three charac-
teristics: direction of the transition (rising or falling); duration of
the transition (60 or 120 msec);? and whether only the transition
was presented (T condition), in which case the stimulus duration
equaled the transition duration, or whether the transition was fol-
lowed by a steady-state sound (TS condition). All TS stimuli were
300 msec in duration; the steady-state sound was 240 msec in du-
ration following 60-msec transitions, and 180 msec in duration af-
ter 120-msec transitions. For all TS stimuli, the center frequency
of the steady-state portion was the same as the center frequency
of the end of the transition; the steady-state portion was continu-
ous with the transition (i.c., there was no temporal gap).

Ten continua, each series consisting of 13 stimuli, were gener-
ated with the Klatt (1980) parallel/cascade formant synthesizer (MIT
version—KLSYN; Klatt, 1987) using all-parallel synthesis. Stimuli
were generated by band-pass filtering a complex periodic source.
For all stimuli, the source consisted of a series of impulses with
a constant fundamental frequency (FO) of 120 Hz. The source spec-
trum had a —12 dB drop per octave across the harmonics of the
FO. The amplitude of the source increased 60 dB within S msec
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after stimulus onset, increased an additional 6 dB (i.e., to a maxi-
mum amplitude) in the following 10 msec, and decreased over the
last 10 msec of the stimulus. For all stimuli, a single band-pass filter
with a constant 80-Hz bandwidth was used to filter the source. The
center frequency of the band-pass filter was changed at 5-msec inter-
vals to simulate a single-formant frequency transition, or was held
constant to simulate a single-formant steady state. (These stimuli
will be referred to as simulated single-formant stimuli.) The digi-
tal outputs from the synthesizer (12-bit resolution; 10K sampling
rate) were stored for subsequent testing. None of the stimuli sounded
speechlike.

Eight continua contained stimulus transitions with filter center
frequencies selected to simulate second formants of voiced stop con-
sonants. Filter center frequencies of the four continua with rising
transitions varied from 942 to 1146 Hz in 17-Hz intervals, whereas
filter center frequencies of the four continua with falling transitions
varied from 1772 to 1340 Hz in 36-Hz intervals. All transitions
(both rising and falling) moved to 1240 Hz, which was the center
frequency of the steady-state portion for TS-condition stimuli.
Table 1 summarizes the stimulus continua.

In the last two continua, the center frequency of the band-pass
filter was held constant to simulate a single formant, 300-msec steady
state. The filter center frequencies approximately matched the mid-
points of the rising or falling transitions. Thus, the ninth continuum
contained steady-state stimuli with center frequencies that ranged
from 1090 to 1192 Hz in 8.5-Hz steps and was presented to sub-
jects who listened to rising transitions. The 10th continuum con-
tained center frequencies that ranged from 1505 to 1290 Hz in 18-Hz
steps and was presented to subjects who listened to falling transitions.

Procedure

The experiment was designed to determine the smallest acoustic
differences that could be discriminated (i.¢., jnds) between frequency
transitions and between steady-state stimuli. On each trial, two
stimuli were presented sequentially with a 500-msec interstimulus
interval. The listener’s task was to judge them as “‘same’” or ““differ-
ent”’ by pushing one of two response buttons. Trial-by-trial visual
feedback was given for correct responses in the form of a smiling
face.

The stimuli were presented monaurally via TDH 49 headphones
at a comfortable listening level (approximately 35 dB sensation
level). The subjects were tested individually; both the listener and
the experimenter sat in a sound-treated test room.

An adaptive, simple up-down (Levitt, 1971) computer-controlled
procedure was used to track the 50% correct response level for de-
tecting stimulus differences. For example, to obtain the jnd rela-

Table 1
Characteristics of Each Stimulus Continuum

Range of Onsets of

Duration Filter Center

Continuum Direction of Transition Frequencies

Number of Transition (in msec) T* or TSt (in Hz)

1 Rising 60 T 942-1146

2 Rising 60 TS 942-1146

3 Rising 120 T 942-1146

4 Rising 120 TS 942-1146

5 Falling 60 T 1772-1340

6 Falling 60 TS 1772-1340

7 Falling 120 T 1772-1340

8 Falling 120 TS 1772-1340

9 - — — 1090-1192

10 — — — 1505-1290

Note—Stimuli of all TS continua were 300 msec in duration; total duration of T stimuli equaled the tran-

sition duration. Stimulus Sets 9 and 10 contained 300-msec steady-state stimuli.

*Transition-only stimuli.

tTransitions followed by simulated steady-state single-formant sound.



tive to Stimulus 1 (i.e., the ‘‘anchor’’) of a continuum, test trials
employing Stimuli 1 and 13, 12 and [, and 11 and 1 might be
presented, and the listener might respond ‘‘different’” to each pair.
If Stimuli 1 and 10 were next presented, the listener might respond
‘‘same’’; this constituted a ‘‘reversal’’ because, on the next test
trial, the acoustic difference between members of a pair of test
stimuli would be increased by presenting Stimuli 1 and {1. The
first two reversals for test trials of each test run were discarded,
and the following eight reversals (four representing a change from
decreasing stimulus differences to increasing stimulus differences
and four representing the reverse) were used to calculate the jnd.
Although the anchor stimulus was presented on every test trial, its
position as first or second member of the pair of stimuli presented
on test trials was randomly varied. The difference between the an-
chor stimulus and the mean of the stimuli at the reversal points was
designated as “*jnd,.”” Just noticeable differences were always mea-
sured relative to the transition that had the smallest frequency ex-
cursion. Similarly, jnds for the steady-state sounds were measured
relative to either 1192 Hz (for subjects who listened to rising tran-
sitions) or 1290 Hz (for subjects who listened to falling transitions).

In addition to the test trials, there were ‘‘catch’’ trials in which
two identical stimuli were randomly selected from among the an-
chor position and the stimuli within two continuum positions of the
anchor. Catch trials were inserted pseudorandomly in order to have
approximately equal numbers of test and catch trials. The correct
answer to catch trials was ‘‘same’’ and feedback was given for cor-
rect responses. Catch trials helped prevent the listener from develop-
ing a bias toward responding “‘different’*3 and provided a measure
of possible bias since responses to them were scored separately.
The jnd, was divided by the catch-trial score, in percent correct;
this value was multiplied by 100 to obtain jnd,, which was con-
verted to frequency difference in hertz for discrimination of steady-
state sounds, and to a measure of frequency change per unit of time
(Hz/msec) for discrimination of transitions.

The two transition durations, the T- versus TS-condition vari-
able, and the direction of transition (rising or falling) combined to
create eight experimental conditions that involved transitions. Each
subject listened to half of these conditions (i.e., either rising or falling
transitions). Two different orders of stimulus presentation were used.
Half of the listeners in each group received two runs of each con-
dition in the order T60, TS60, T120, TS120, and the remaining
listeners were tested in the reverse order. Practice trials were given
at the beginning of testing. Measures of discrimination of the steady-
state stimuli were obtained at the end of testing. Data collection
for each listener was completed in one session that lasted about
100 min, with a rest break.

RESULTS AND DISCUSSION

Sixteen subjects per age group completed all proce-
dures. Seven older adults were eliminated from the ex-
periment for various reasons: 3 exhibited auditory sensi-
tivity that was poorer than the 25-dB hearing-level
criterion; 2 were unable to discriminate any stimuli; 1
could not discriminate the 60-msec T stimuli; and 1 could
not discriminate the 60-msec T or TS transitions.*

Discrimination of steady-state stimuli was evaluated in
terms of jnds in hertz. There were significant age effects
[F(2,45) = 9.16, p < .001]. Post hoc tests revealed that
children’s discrimination of steady-state signals was
poorer than that of both teens/young adults [F(1,45) =
17.29, p < .001] and older adults [F(1,45) = 8.76,
p < .01]; there were no significant differences between
discrimination of steady-state stimuli by teens/young
adults and older adults (Figure 1).
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Figure 1. Auditory perceptual just noticeable differences for simu-
lated single-formant steady-state stimuli for children (C), teens/young
adults (T/YA), and older adults (OA). The values represent group
means 1SD (two measurements per person, 16 listeners per age
group).

Discrimination of transitions was evaluated in terms of
jnds expressed as the difference in rate of frequency
change, or Hz/msec. A repeated measures ANOVA for
jnds in differences in rate of frequency change, with tran-
sition duration and T versus TS conditions as the repeated
measures and age and transition direction as between-
group measures, was conducted (Wilkinson, 1988).
Again, there was a significant age effect on performance
[F(2,42) = 7.81, p < .001] (Figure 2). Post hoc tests
revealed that both children and older adults exhibited
poorer transition discrimination than did teens/young
adults® [multivariate F tests: children vs. teens/young
adults, F(4,39) = 3.67, p < .02; older adults vs.
teens/young adults, F(4,39) = 3.51, p < .02; children
vs. older adults, F(4,39) = 2.11, p > .05]. In addition,
discrimination was significantly better for the longer tran-
sitions for all age groups [£(1,42) = 153.83, p < .001].
(See also the discussion below of the significant interac-
tion of age with transition only vs. transition followed by
steady-state sound.) No simple ratios described the rela-
tionships between discrimination of the 60- and 120-msec
transitions for the three ages studied (Figure 2).

There were no consistent across-age differences attrib-
utable to transition direction or to differences between T
and TS conditions. However, the poorer discrimination
for the TS transitions among older adults and teens/young
adults, and not among children, was reflected in a sig-
nificant age X T versus TS interaction [F(2,42) = 4.76,
p < .02].

Just noticeable differences for discrimination of steady-
state sound were compared to jnds for 120-msec transi-
tions, with the latter evaluated as the difference in hertz
at transition onsets. For the T condition, there was no
difference between these conditions [F(1,42) = 2.53,
p > .05]. However, when transitions were followed by
steady-state sound, there was a significant difference
[F(1,42) = 13.60, p < .001]. The jnds for teens/young
adults and for older adults were poorer for the TS condi-
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Figure 2. Auditory perceptual just noticeable differences for rising (Panel A) and fall-
ing (Panel B) transitions for children (C), teens/young adults (T/YA), and older adults
(OA). Open symbols represent transition-only (T) conditions; filled symbols represent dis-
crimination of transitions followed immediately by steady-state sound (TS condition). Circles
represent 60-msec transitions; triangles, 120-msec transitions. The values represent group
means 1SD (two measurements per person; 8 listeners per age group per panel).

tion (Figure 2) than for steady-state sound [age X stimu-
lus condition, F(2,42) = 4.85, p < .02]. In previous
work, in which only young adults participated, jnds for
both the 120-msec T and TS conditions did not differ from
jnds for steady-state sound (Elliott, Hammer, Scholl, Car-
rell, & Wasowicz, in press). The difference in outcomes
of the two studies may have occurred, in part, because
the teens/young adults of the present study exhibited (nu-
merically) poorer performance for 120-msec TS stimuli
than for 120-msec T stimuli, but nearly equal performance
in discriminating 120-msec T stimuli and steady-state
stimuli. A possible backward-masking mechanism (see be-
low) affecting this age group may have led to this set of
outcomes.

A direct examination of performance on catch trials (in
which the expected response was ‘‘same’’) for the steady-
state stimuli provided information about the subjects’
response strategies. For these stimuli, the children’s aver-
age performance was 72.9% + 9.4% correct. Compara-
ble performance for teens/young adults was 74.5% +
8.5% correct; for older adults, 79.6% + 12.8% correct.
These values did not differ significantly. Furthermore,
they did not show the V-shaped pattern that character-
ized jnds for discrimination of steady-state stimuli
(Figure 1) or transitions (Figure 2).

Table 2 summarizes catch-trial performance for tran-
sition discrimination, collapsed over rising and falling
transition conditions and focusing on transition duration
and whether transitions were followed by steady-state
sound. For the relatively difficult 60-msec transition-
duration conditions, average catch-trial performance of

older adults and teens/young adults was nearly identical.
A repeated measures ANOVA, with age as a grouping
variable and the four transition conditions as repeated
measures, revealed that the significant age effects obtained
[F(2,45) = 6.17, p < .01] were attributable to differ-
ences in catch-trial performance between children and
teens/young adults [multivariate tests, F(4,42) = 3.04,
p < .05]. Neither of the other two post hoc tests (teens/
young adults vs. older adults, or children vs. older adults)
was statistically significant.

The catch-trial performance results suggest that young
and older adult listeners addressed the task with similar
strategies. There was no evidence that the older listeners
adopted a stricter or a more lenient response criterion than
did teens/young adults,® as has been reported by other

Table 2
Means and Standard Deviations of Catch-Trial Performance
(in Percent Correct) for Discrimination of Two Durations of
Transitions Alone (T conditions) and for Two Durations
of Transitions Followed by Simulated Single-Formant
Steady-State Sound (TS Conditions)

Teens/Young Older

Transition Children Adults Adults
Condition M SD M SD M SD
T60 69.0 10.3 77.5 10.7 75.2 13.9
TS60 66.9 8.3 76.1 10.1 70.7 11.8
T120 67.7 15.2 79.8 7.2 72.7 13.1
TS120 71.0 9.3 82.7 7.8 77.7 17.1

Note—T60, transition-only condition of 60-msec duration; TS60, tran-
sition followed by steady-state sound of 240-msec duration; T120,
transition-only condition of 120-msec duration; TS120, transition fol-
lowed by steady-state sound of 180-msec duration.



investigators (e.g., Gordon-Salant, 1986a; Rees & Bot-
winick, 1971). The finding of poorest catch-trial perfor-
mance by children probably indicates that they had greater
difficulty in discriminating small acoustic differences than
did older listeners.

The pattern of age differences that emerged resembled
differences in CV discrimination that have been previously
documented (Elliott et al., 1985; Elliott et al., 1981). That
is, in the present study, young children and older adults
required larger acoustic differences than did teens/young
adults in order to discriminate frequency transitions, just
as previous groups required larger acoustic differences to
discriminate CVs that differed in the place-of-articulation
feature. The finding that some elderly listeners in the
present study could not discriminate some or all of the
frequency transitions is reminiscent of the report by El-
liott et al. (1985), in which 6 of 40 elderly subjects who
could perform a syllable-identification task exhibited
problems in discriminating CVs that had small acoustic
differences. The present results for teens/young adults are
similar to those obtained previously for young adults who
received extensive practice in responding to the same stim-
uli (Elliott et al., in press), and resemble earlier young-
adult data for discrimination of tonal transitions (Nabe-
lek & Hirsh, 1969). In addition, the present V-shaped age-
related functions have the same shape as results obtained
in a word-identification study that used different proce-
dures (i.e., a gating task), in which similarly-aged listeners
had to identify monosyllabic words that had been stan-
dardized to be both highly familiar and highly intelligi-
ble, and which required guessing the stimulus word as
well as giving a confidence rating on each trial (Elliott,
Hammer, & Evan, 1987). The relatively poorer auditory
discrimination of children and older adults of the present
study, compared to that of teens/young adults, appears
to reflect general auditory processing by these population
groups and should not be attributed either to specific fea-
tures of this task or to response bias.

It does not seem appropriate to attribute these age-
dependent effects to the fact that listeners did not receive
extensive practice before the data were collected. A defini-
tive answer to the question of how much children’s dis-
crimination of frequency transitions would improve with
practice must await direct testing. In the interim, several
points may be noted. First, overall age differences in dis-
crimination of steady-state stimuli were as large as those
for discrimination of transitions, even though the former
task was reported by listeners to be easier, and even though
catch-trial performance for steady-state stimuli were very
similar for the three age groups. In addition, the finding
of the same V-shaped pattern of outcomes that was previ-
ously obtained for a quite different task that appeared not
to be influenced by practice (Elliott et al., 1987) adds to
the accumulating evidence that children require more
acoustic information or larger acoustic differences to
achieve the same performance level as young adults.

How may these age-dependent differences be explained?
At ]least two components may be involved. Children have
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poorer discrimination of steady, pure tones than do young
adults (Eguchi, 1976; Irwin, Stillman, & Schade, 1986;
Maxon & Hochberg, 1982), and the same is true for older
adults (e.g., Patterson, Nimmo-Smith, Weber, & Milroy,
1982). The results of the present study for discrimina-
tion of steady-state simulated single-formant sounds nu-
merically confirm the age-related outcomes obtained by
other investigators for pure-tone discrimination. These
age-related differences in discrimination of pure tones and
steady-state sounds might be attributed to children and
older adults having a broader auditory filter (e.g., Moore,
1982, pp. 74-106) than young-adult listeners have. When
discrimination of steady sounds is diminished, it is
reasonable to expect poorer discrimination of stimuli that
change in frequency. However, different mechanisms for
this effect may operate in the youngest and oldest groups.
This possibility is suggested by the significant age X T
versus TS condition interaction. Teens/young adults and
older adults had the poorest discrimination for the TS con-
dition (both transition directions and durations, Figure 2),
whereas children had the poorest discrimination for the
T condition. A mechanism such as backward masking
(e.g., Elliott, 1962), produced by the steady-state sound
of the TS stimuli, might be expected to interfere with tran-
sition discrimination (e.g., Collins, 1984; Collins et al.,
1988). However, it is not clear why backward masking
should have occurred for the two older groups of listeners
and not for children. Instead, children exhibited better dis-
crimination when the steady-state sound of the TS condi-
tion was present. This pattern of performance differences
between children and the two oldest groups suggests the
presence of an as yet unidentified developmental mecha-
nism that deserves further study.

In summary, the results of this study have demonstrated
that, compared to teens/young adults, children and older
adults require larger acoustic differences to discriminate
frequency transitions that represent important components
of certain speech sounds. Children and older adults also
require larger acoustic differences to discriminate steady-
state simulated single-formant sounds. These resuits may
help explain why some children and older adults, despite
having good detection of pure tones, experience problems
in understanding speech.
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NOTES

1. These consonants are referred to as differing in place-of-articulation
because of the position of the lips and tongue during their production.

2. The transition durations of 60 and 120 msec were selected because
previous research indicated that essentially no practice effects occurred
for transitions of the latter duration, and limited practice effects occurred
for transitions of the former duration. In contrast, extensive practice
effects occurred for 30-msec transitions (Elliott et al., in press).

3. If catch trials had not been used, a listener might have discovered
that a response of ‘‘different’” on every test trial resulted in positive
feedback.

4. Among those who completed all procedures, 2 children, 1
teen/young adult, and 1 older adult exhibited catch-trial performance
of less than 40% correct for the steady-state condition; 2 children and
1 older adult had poor catch-trial performance for the T60 condition.
Because this situation would have unduly influenced jnd,, the jnd, cell
mean was used for these listeners.

5. The data for older adults do not include results for the 4 listeners
who could not discriminate some or all of the transitions, even though
they had normal hearing according to conventional audiologic pure-tone
tests. Had performances of these 4 subjects been included, average results
for the older adults would have been even poorer.

6. Often a more strict response criterion is interpreted as indicating
greater cautiousness. It is not clear, however, that catch-trial perfor-
mance may be translated directly to cautiousness; that is, it is not clear
whether a higher/or lower score on catch trials would be associated with
cautiousness.
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