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Musically untrained participants in five age groups �5-, 6-, 8-, and 11-year-olds, and adults� heard
sequences of three 1 s piano tones in which the first and third tones were identical �A5, or 880 Hz�
but the middle tone was displaced upward or downward in pitch. Their task was to identify whether
the middle tone was higher or lower than the other two tones. In experiment 1, 5-year-olds
successfully identified upward and downward shifts of 4, 2, 1, 0.5, and 0.3 semitones. In experiment
2, older children �6-, 8-, and 11-year-olds� and adults successfully identified the same shifts as well
as a smaller shift �0.1 semitone�. For all age groups, performance accuracy decreased as the size of
the shift decreased. Performance improved from 5 to 8 years of age, reaching adult levels at
8 years. © 2008 Acoustical Society of America. �DOI: 10.1121/1.2956470�

PACS number�s�: 43.75.Cd �DD� Pages: 1759–1763
I. INTRODUCTION

Subtle pitch changes play a critically important role in
music. Melodies typically move in small steps, most com-
monly by one or two semitones �Vos and Troost, 1989�.
Moreover, major chords and harmonies, which signal posi-
tive emotions, differ by one semitone from minor chords and
harmonies, which signal negative emotions �e.g., Gagnon
and Peretz, 2003; Hunter et al., 2008�. Musically untrained
listeners often notice pitch deviations that are smaller than
one semitone, such as when a performer sings out of tune.

Distinguishing one pitch from another is less difficult
than identifying one pitch as being higher or lower than an-
other �Cooper, 1994; Johnsrude et al., 2000; Sergeant and
Boyle, 1980�. The pitch contour of a melody—its pattern of
successive changes in pitch direction �same, up, down�—is
perceptually salient for listeners of all ages and levels of
musical experience �for reviews see Dowling, 1994; Thomp-
son and Schellenberg, 2006; Trehub, 2000�. At times, infants
fail to respond to transpositions of a relatively unfamiliar
melody �i.e., change in pitch level, with contour and intervals
preserved, Chang and Trehub, 1977; Trehub et al., 1984�, but
they respond reliably to changes in its pitch contour �Trehub
et al., 1984�, even when the directional changes are restricted
to a single note �Trehub et al., 1985�. Although melodic con-
tour is central to music perception regardless of age �e.g.,
Dowling, 1994; Trehub, 2000�, little is known about the de-
velopmental course of contour processing. Frequency reso-
lution is thought to be mature by about 8 years of age �Coo-
per, 1994; Maxon and Hochberg, 1982; Thompson et al.,
1999�, but it is unclear whether progress in identifying direc-
tional changes in pitch follows a similar timeline.

Young children seem to have particular difficulty under-
standing concepts such as high and low �or up and down� in
relation to pitch. Andrews and Madeira �1977� found, for
example, that 6- and 7-year-olds could learn to associate a
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pitch of 262 Hz with a large pig and a pitch of 523 Hz with
a small pig, but they were unable to designate the pitches as
high or low �or higher or lower�. By contrast, Jeffrey �1958�
found that 5-year-olds had difficulty linking contrasting
pitches with left and right button presses, which implies that
6-year-olds’ successful acquisition of relations between pitch
level and animal size �Andrews and Madeira, 1977� may
have been facilitated by real world experience. Costa-Giomi
and Descombes �1996� contend that 6-year-olds’ difficulty
identifying pitch direction is attributable, in part, to the mul-
tiple meanings of the terms high and low in English. When
they trained French-speaking 6-year-olds to label pitches
with the terms aigu and grave, which are used exclusively
for high and low pitch, or haut or bas, which have multiple
meanings �corresponding to the English terms high and low�,
children trained with the single-meaning terms were more
accurate in labeling pitches separated by two octaves than
were children trained on the multiple-meaning terms.

Although 6-year-olds readily discriminate ascending
from descending pitch patterns, and they can match the pat-
terns instrumentally, they do not spontaneously use the terms
up, down, high, or low when referring to the patterns �Hair,
1977�. With extensive training over the course of six days,
Soderquist and Moore �1970� found, however, that 5-, 7-,
and 9-year-olds improved substantially in their ability to
identify the pitch direction of two pure tones �sine waves�
differing in pitch. The minimal pitch difference required for
correctly judging pitch direction was smallest for 9-year-olds
and largest for 5-year-olds, who also showed the greatest
benefit from training. It is possible, however, that children
would achieve comparable or greater success without such
extensive training in the context of stimuli with greater eco-
logical validity.

The goals of the present study were twofold. Because of
contradictory findings regarding 5-year-olds’ ability to iden-
tify pitch direction �Van Zee, 1976; Soderquist and Moore,
1970�, it was of interest to examine this ability in the context
of ecologically valid stimuli �piano tones� and an age-

appropriate task. The second goal was to examine age-
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related changes in the ability to identify directional changes
in pitch. As noted, identifying directional changes in pitch is
more difficult than differentiating pitches even though the
former skill depends critically on the latter skill. As the fre-
quency difference between two tones becomes smaller, one
would expect tone differentiation to become more effortful
�i.e., involving more cognitive resources�, with negative con-
sequences for the more challenging pitch direction task. In
other words, identifying pitch direction should get progres-
sively more difficult as the frequency difference between
tones decreases. Moreover, one would expect the identifica-
tion of pitch direction to be more difficult for listeners with
immature frequency resolution than for those with mature
frequency resolution. Because 8-year-olds are thought to be
adultlike in terms of frequency resolution �Cooper, 1994;
Maxon and Hochberg, 1982; Thompson et al., 1999�, they
were expected to perform as accurately as adults at identify-
ing pitch direction. Younger children were expected to per-
form more poorly because of their poorer frequency reso-
lution and their poorer understanding of relational concepts
�Andrews and Madeira, 1977; Hair, 1977; Jeffrey, 1958�.

On the basis of well-documented individual differences
in pitch resolution, even in musical contexts �Drayna et al.,
2001�, individual differences in proficiency were anticipated
at all age levels. Finally, because musical training enhances
the ability to identify directional changes in pitch �e.g., Ser-
geant, 1973�, participation was limited to those without mu-
sical training.

II. EXPERIMENT 1

A. Method

1. Participants

Twenty-six 5-year-olds �13 boys, 13 girls� were re-
cruited from the local community. None had taken music
lessons, and none had a personal or family history of hearing
problems. Each child received a token gift for their partici-
pation. An additional two children were tested but excluded
from the sample because they did not complete the entire
testing session.

2. Apparatus and stimuli

Testing was conducted in a double-walled sound-
attenuating booth �Industrial Acoustics Co.�. Stimulus pre-
sentation and responses were controlled by a Dell personal
computer with software created in REALBASIC via a Harman/
Kardon 3380 amplifier and Electro-Medical Instrument Co.
loudspeakers. The stimuli were presented at a comfortable
volume.

The stimuli were modeled after those used to study
adults with impaired pitch and music perception �Hyde and
Peretz, 2004�. A set of 11 tones was synthesized using The
Grand �a piano timbre� and CUBASE software. The set in-
cluded one standard tone with a fundamental frequency of
880 Hz, as well as five higher and five lower tones displaced
in pitch by 4, 2, 1, 0.5, and 0.3 semitones upward and down-
ward from the standard. Individual tones were 1 s in duration
with a natural piano onset �i.e., rapid and slightly percussive�

and a 10 ms decay. They were combined using SOUNDEDIT

1760 J. Acoust. Soc. Am., Vol. 124, No. 3, September 2008
software into sequences of three tones. In each sequence, the
first and third tones were standards, and the second tone was
higher or lower than the standard. Thus, the stimulus set
comprised ten different three-tone sequences, each 3 s in du-
ration. To eliminate potential amplitude cues to pitch level
�Grau and Kemler-Nelson, 1988; Neuhoff et al., 2002; Neu-
hoff et al., 1999�, the amplitude of the three tones in each
sequence was varied subtly and at random. Specifically, one
tone was normalized at 94% of maximum amplitude, another
at 97%, and the third at 100%.

3. Procedure

Children were first familiarized with the testing booth
and told that they would be playing a game. The game in-
volved hearing three sounds in a row and deciding if the
second sound went up or down. To facilitate understanding
of the two-alternative forced-choice �2AFC� task, the experi-
menter explained the relevant distinction in a number of
ways, providing graphic as well as vocal examples. Included
in this explanation was an animation of a ball rising or fall-
ing in synchrony with rising or falling pitch �by four semi-
tones� to provide a visual analog of the task. Participants
completed six training trials that included the animated
“bouncing” ball. The children then completed six practice
trials with the four-semitone change but no visual aid.

The test trials were presented in five blocks, beginning
with the largest pitch change �four semitones� on the first
block and proceeding through successively more difficult
levels to the smallest change �0.3 semitones�. Twelve trials
were completed in each block, with the direction of the pitch
change �i.e., up or down� determined randomly on each trial,
constrained so that middle tone was higher than the first and
third tones on six trials but lower on the other six. A flashing
star was provided as feedback for correct answers. Stickers
were given to the children at the end of each block to main-
tain their interest in the task.

B. Results and discussion

Preliminary analyses revealed that gender did not influ-
ence performance or interact with the difficulty of the testing
block, either in the present experiment or in experiment 2.
Gender was not considered further. On the training trials
with a visual cue accompanying the pitch changes,
5-year-olds were near perfect �95% correct� in distinguishing
up from down �M =5.69 correct out of 6 trials, SD=0.62�.
Performance on the six practice trials was considerably more
variable, averaging 75% correct �M =4.50, SD=1.48�, al-
though 20 of the 26 children had at least four correct. Chil-
dren’s performance on test trials was compared with chance
levels �50%, 6 out of 12 correct� by means of one-sample
t-tests for each of the five blocks. Performance exceeded
chance levels for each block, ps�0.01, with the mean ex-
ceeding 60% correct in each case and 80% correct on the
first �easiest� block. A repeated-measures analysis of variance
�ANOVA� confirmed that performance varied across blocks,
F�4,100�=9.64, p�0.001. As shown in Fig. 1, performance
decreased monotonically across blocks as the task became

more difficult.
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Also of interest was whether individual children per-
formed at above-chance levels ��=0.05, binomial test�, cor-
responding to 9 or more correct responses out of 12 trials
�75% correct�. The results are summarized in Table I. Even
with this conservative criterion, significantly more than half
of the 5-year-olds �69%, or 18 /26� succeeded in the four-
semitone block, �2�1,N=26�=3.85, p�0.05, which pro-
vides conclusive evidence that 5-year-olds can map the terms
up and down onto changes in pitch. In each of the more
difficult blocks, less than half of the children met this perfor-
mance criterion.

Finally, because descending pitch changes are more fre-
quent than ascending changes in actual music �Vos and
Troost, 1989�, the possibility of biased responding was in-
vestigated. One-sample t-tests were used to determine
whether the number of up responses differed significantly
from 6 �i.e., 50% up responses, 50% down responses�, sepa-
rately for each of the five blocks. There was no evidence of
such a bias, with the proportion of up responses varying
minimally from 50% across blocks �i.e., from 48% to 52%�.

III. EXPERIMENT 2

A. Method

1. Participants

The sample included 29 6-year-olds �17 boys, 12 girls�,
30 8-year-olds �13 boys, 17 girls�, 30 11-year-olds �20 boys,
10 girls�, and 29 young adults �10 men, 19 women�. One

FIG. 1. Mean accuracy scores and standard errors for each age group and
condition. In experiment 1, 5-year-olds were tested in five conditions. In
experiment 2, older children �6-, 8-, and 11-year-olds� and adults were
tested in seven conditions.

TABLE I. Percentage of participants performing sign
12� in each testing block. Five-year-olds �experimen
most difficult block �experiment 2�, is excluded beca
any age group.

Block

Experiment 1

5-year-olds 6-year-olds

4 ST 69.2 86.2
2 ST 46.2 69.0
1 ST 26.9 65.5
0.5 ST 38.5 55.2
0.3 ST 34.6 41.4
0.1 ST ¯ 13.8
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additional 6-year-old was recruited but failed to complete the
test session. No participant had formal music lessons or hear-
ing problems. As in experiment 1, the children were recruited
from the local community and received a token gift. The
adults were university students who received either partial
course credit or token remuneration.

2. Apparatus and stimuli

The apparatus and stimuli were identical to those from
experiment 1 except that there were four additional tone se-
quences with more subtle changes in pitch to the middle
tone. The middle tone of these additional sequences was dis-
placed upward and downward from the standard tone by 0.1
and 0.05 semitones.

3. Procedure

For the children, the procedure was identical to experi-
ment 1 except that �1� only the 6-year-olds played with stick-
ers between blocks of trials, and �2� two additional, more
difficult blocks of trials were added to the test session so that
there were seven blocks of test trials rather than five. As in
experiment 1, trials were presented in blocks, with succes-
sive blocks increasing in difficulty from the easiest block �4
semitones� to the most difficult block �0.05 semitones�.

The procedure differed slightly for adults, who were told
simply that they would be listening to a number of se-
quences, each containing three tones, and that their task was
to decide on each trial whether the second tone was higher or
lower in pitch than the first and third tones by selecting the
appropriate option on a computer touch screen. To clarify the
distinction between higher and lower, a number of three-tone
vocal examples with higher and lower middle tones were
provided. Feedback �correct or incorrect� was provided after
each test trial.

B. Results and discussion

As with the 5-year-olds in experiment 1, children in the
present experiment had no problem distinguishing up from
down when pitch changes were accompanied by a visual cue.
Performances were 98%, 99%, and 100% correct for the 6-,
8-, and 11-year-olds, respectively. Mean levels of perfor-
mance on the practice trials with no visual cues exceeded
86% correct �better than five out of six correct� for each

tly better than chance �i.e., 9 or more correct out of
ere tested only in the first five blocks. The seventh,
roup performance did not exceed chance levels for

Experiment 2

8-year-olds 11-year-olds Adults

93.3 96.7 82.8
90.0 96.7 82.8
83.3 93.3 79.3
70.0 76.7 72.4
63.3 80.0 62.1
33.3 33.3 51.7
ifican
t 1� w
use g
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group of children. For the test trials, separate one-sample
t-tests for each of the four age groups and each of the seven
blocks were used to compare performance with chance levels
of responding �Bonferroni corrected for four tests for each
block�. Descriptive statistics are illustrated in Fig. 1. As ex-
pected from the results of experiment 1, older participants
exceeded chance levels for the first five �easiest� blocks, ps
�0.001, with mean levels of performance exceeding 65%
correct for each age group in each block. Indeed, for the
8-year-olds, 11-year-olds, and adults, the means exceeded
78% correct for each block. For the more difficult, 0.1-
semitone condition, the three older age groups �8-year-olds,
11-year-olds, and adults� exceeded chance levels, ps
�0.0125, but the 6-year-olds did not. In the most difficult,
0.05-semitone condition, all four age groups performed at
chance levels �i.e., �60% correct�. In short, the seven testing
conditions encompassed a range of difficulty that reached
and surpassed the limits of participants’ abilities.

Differences among age groups �four levels� and blocks
�six levels� were analyzed with a mixed-design ANOVA. The
final, most difficult block �0.05 semitones� was excluded
from the analysis because of the floor effect observed across
age groups. The analysis revealed main effects of age,
F�3,114�=4.79, p�0.005, and block, F�5,570�=80.62, p
�0.001, but no two-way interaction, p�0.2. As shown in
Fig. 1, the age effect stemmed from poorer performance for
the 6-year-olds compared to the other age groups. Indeed,
when the 6-year-olds were excluded from the analysis, the
effect of age disappeared, p�0.3. The main effect of block
stemmed from monotonic decreases in performance across
blocks, which were evident across age groups. The single
exception was the slight increase in performance among
8-year-olds from the four-semitone to the two-semitone
block, although performance was virtually at ceiling ��90%
correct� in both blocks.

The present sample of 6-year-olds was compared to the
5-year-olds from experiment 1 with a mixed-design ANOVA
with one between-subjects factor �age: two levels� and one
within-subjects factor �block: five levels, the same blocks
completed by both age groups�. The results revealed a main
effect of age, F�1,53�=4.67, p�0.05; 6-year-olds outper-
formed 5-year-olds. There was also a main effect of block,
F�4,212�=22.08, p�0.001, with performance decreasing
monotonically for both groups as the task became more dif-
ficult, but no interaction between age and block, F�1.

As in experiment 1, individual performance was evalu-
ated against chance levels for each condition. The results,
summarized in Table I, reveal monotonic decreases in the
number of participants succeeding as the task increased in
difficulty, the sole exception involving the transition from the
0.5-to 0.3-semitone block for 11-year-olds. In other words,
group decrements in performance were paralleled by de-
creasing numbers of individuals who met the performance
criterion. Even when the majority of participants succeeded
at the task, others performed relatively poorly, highlighting
marked individual differences in a basic aspect of pitch per-
ception.

Finally, the possibility of a response bias was examined

by comparing the number of up responses to unbiased re-

1762 J. Acoust. Soc. Am., Vol. 124, No. 3, September 2008
sponding �50% up responses�, separately for each age group
and trial block �Bonferroni corrected for four tests for each
block�. As with the 5-year-olds in experiment 1, there was no
evidence that listeners of any age were biased to respond up
or down.

IV. DISCUSSION

The results indicate that 5-year-olds can identify direc-
tional changes in pitch, which is consistent with the findings
of Soderquist and Moore �1970� but inconsistent with those
of others �Jeffrey, 1958; Van Zee, 1976�. The present find-
ings differ from those of Soderquist and Moore �1970� in
revealing successful pitch-direction identification after mere
minutes rather than hours of training. Five-year-olds’ lesser
success in the previous study may be attributed to the use of
pure tones rather than piano tones, the use of two-tone rather
than three-tone patterns, and the absence of feedback during
testing. The importance of feedback can be seen in the im-
provement that was evident from the practice trials �mean of
75% correct� to the first block of test trials �mean of 80%
correct�, which featured the same stimuli. Feedback is par-
ticularly important for 5-year-olds, who often have difficulty
generalizing from training stimuli to test stimuli. For ex-
ample, 5-year-old children who are trained to respond to
piano tones separated by three octaves as high and low fail to
transfer that training to piano tones separated by seven semi-
tones �Jeffrey, 1958�.

As can be seen in Fig. 1, all age groups performed above
chance levels in the easiest condition �a 4-semitone change�
and below chance levels in the most difficult condition �a
0.05-semitone change�. As with other auditory abilities �e.g.,
frequency resolution: Allen et al., 1989; auditory thresholds:
Leninhan et al., 1971; pitch discrimination: Cooper, 1994;
Maxon and Hochberg, 1982; Thompson et al., 1999�,
gradual, age-related improvement was apparent. Specifically,
5-year-olds performed more poorly than all other age groups,
and 6-year-olds performed more poorly than older children.
Nevertheless, 5- and 6-year-olds children identified the di-
rection of pitch changes for differences as small as three-
tenths of a semitone. By 8 years of age, children succeeded
in identifying changes of one-tenth of a semitone.

What accounts for the precocious abilities observed in
the current study in contrast to children’s reported difficulty
mapping the terms high and low, higher and lower, or up and
down onto the dimension of pitch �Andrews and Madeira,
1977; Flowers and Costa-Giomi, 1991; Hair, 1977; Van Zee,
1976�? In addition to the use of ecologically valid stimuli
and feedback, as noted above, instructions in the present
study were simpler than those in some previous studies. For
example, Hair �1977, p. 200� required first graders to deter-
mine whether “the sounds in the first group” �an ascending
or descending sequence of five resonator bells� “move in the
same way” as “the sounds in the second group.” The children
were instructed, further, to “mark the green word ‘yes’ on
your paper” if the sounds move in the same way and to
“mark the red word ‘no’ on your paper” if the sounds do not
move in the same way. “Otherwise, mark the question mark.”

Even if first graders could comprehend the concepts up and
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down in relation to pitch, they would likely be confused by
these instructions, especially in the absence of feedback. In-
terestingly, children who failed to identify the correct pitch
direction succeeded in duplicating the ascending and de-
scending sequences on the resonator bells.

As predicted, 8-year-olds’ performance did not differ
from that of adults, which is consistent with suggestions of
mature pitch resolution by 8 years of age �Cooper, 1994;
Maxon and Hochberg, 1982; Thompson et al., 1999�. Pre-
sumably, younger children’s difficulty with pitch differentia-
tion added to their cognitive load, exacerbating their difficul-
ties on the pitch-direction task. The random variations in
amplitude, however subtle, may have increased task diffi-
culty for 5- and 6-year-olds, whose performance is often
affected adversely by variations in an irrelevant stimulus di-
mension �Bialystok and Niccols, 1989�. In fact, a number of
researchers have reported that young children erroneously
use terms associated with loudness when describing the pitch
differences between paired tones �Andrews and Diehl, 1970;
Hair, 1981; Van Zee, 1976�. Finally, it is possible that the
terms high and low, with their multiple meanings, increased
task difficulty for the 5- and 6-year-olds �Costa-Giomi and
Descombes, 1996�. Regardless of the perceptual and cogni-
tive factors that depressed performance in 5- and
6-year-olds, the fact remains that they succeeded in identify-
ing the direction of pitch change at better than chance levels,
even for pitch changes smaller than a semitone.

ACKNOWLEDGMENTS

Funding provided by the National Sciences and Engi-
neering Research Council of Canada. Jessica Chan, Darcelle
Edwin, and Jane Campbell assisted with participant recruit-
ment and testing.

Allen, P., Wightman, F., Kistler, D., and Dolan, T. �1989� “Frequency reso-
lution in children,” J. Speech Hear. Res. 32, 317–322.

Andrews, F. M., and Diehl, N. C. �1970�. “Development of a technique for
identifying elementary school children’s musical concepts,” J. Res. Music
Ed. 18, 214–222.

Andrews, M. L., and Madeira, S. S. �1977�. “The assessment of pitch dis-
crimination ability in young children,” J. Speech Hear Disord. 42, 279–
286.

Bialystok, E., and Niccols, A. �1989�. “Children’s control over attention to
phonological and semantic properties of words,” J. Psycholinguist. Res.
18, 369–387.

Chang, H. W., and Trehub, S. E. �1977�. “Auditory processing of relational
information by young infants,” J. Exp. Child Psychol. 24, 324–331.

Cooper, N. �1994�. “An exploratory study in the measurement of children’s
pitch discrimination ability,” Psych. Music. 22, 56–62.

Costa-Giomi, E., and Descombes, V. �1996�. “Pitch labels with single and
multiple meanings: A study with French-speaking children,” J. Res. Music
Ed. 44, 204–214.

Dowling, W. J. �1994�. “Melodic contour in hearing and remembering melo-
dies,” in Musical Perceptions, edited by R. Aiello and J. Sloboda �Oxford

University Press, New York, NY�, pp. 173–190.

J. Acoust. Soc. Am., Vol. 124, No. 3, September 2008
Drayna, D., Manichaikul, A., de Lange, M., Snieder, H., and Spector, T.
�2000�. “Genetic correlates of musical pitch recognition in humans,” Sci-
ence 291, 1969–1972.

Flowers, P. J. and Costa-Giomi, E. �1991�. “Verbal and nonverbal identifi-
cation of pitch changes in a familiar song by English and Spanish speaking
preschool children,” Bull. Coun. Res. Music Ed. 101, 1–12.

Gagnon, L., and Peretz, I. �2003�. “Mode and tempo relative contributions to
“happy-sad” judgments in equitone melodies,” Cognit. Emot. 17, 25–40.

Grau, J. A., and Kemler-Nelson, D. G. �1988�. “The distinction between
integral and separable dimensions: Evidence for the integrality of pitch
and loudness,” J. Exp. Psychol. Gen. 117, 347–370.

Hair, H. I., �1977�. “Discrimination of tonal direction on verbal and non-
verbal tasks by first grade children,” J. Res. Music Ed. 25, 197–210.

Hair, H. I. �1981�. “Verbal identification of music concepts,” J. Res. Music
Ed. 29, 11–21.

Hunter, P. G., Schellenberg, E. G., and Schimmack, U. �2008�. “Mixed
affective responding to music with conflicting cues,” Cognit. Emot. 22,
327–352.

Hyde, K. L., and Peretz, I. �2004�. “Brains that are out of tune but in time,”
Psychol. Sci. 15, 356–360.

Jeffrey, E. �1958�. “Variables in early discrimination learning: II Mode of
response and stimulus difference in the discrimination of tonal frequen-
cies,” Child Dev. 29, 620–623.

Johnsrude, I. S., Penhune, V. B., and Zatorre, R. J. �2000�. “Functional
specificity in the right human auditory cortex for perceiving pitch direc-
tion,” Brain 123, 155–163.

Leninhan, J. M. A., Christie, J. F., Russel, T. S., Orr, N. M., Hamilton, M.
D., and Knoz, E. C. �1971�. “The threshold of hearing in school children,”
J. Laryngol. Otol. 85, 365–385.

Maxon, A. B., and Hochberg, I. �1982�. “Development of psychoacoustic
behaviour: Sensitivity and discrimination,” Ear Hear. 3, 301–308.

Neuhoff, J. G., Kramer, G., and Wayand, J. �2002�. “Pitch and loudness
interact in auditory displays: Can the data get lost in the map?,” J. Exp.
Psychol., Appl. 8, 17–25.

Neuhoff, J. G., McBeath, M. K., and Wanzie, W. C. �1999�. “Dynamic
frequency change influences loudness perception: A central, analytic pro-
cess,” J. Exp. Psychol. Hum. Percept. Perform. 25, 1050–1059.

Sergeant, D. �1973�. “Measurement of pitch discrimination,” J. Res. Music
Ed. 21, 3–19.

Sergeant, D., and Boyle, J. D. �1980�. “Contextual influences on pitch judge-
ment,” Psych. Music. 8, 3–15.

Soderquist, D. R., and Moore, M. J. �1970�. “Effect of training on frequency
discrimination in primary school children,” J. Audit. Res. 10, 185–192.

Thompson, N. C., Cranford, J. L., and Hoyer, E. �1999�. “Brief-tone fre-
quency discrimination by children,” J. Speech Lang. Hear. Res. 42, 1061–
1068.

Thompson, W. F., and Schellenberg, E. G. �2006�. “Cognitive bases of mu-
sic listening,” In MENC Handbook of Musical Cognition and Develop-
ment, edited by R. Colwell �Oxford University Press, Oxford, UK�, pp.
72–123.

Trehub, S. E. �2000�. “Human processing predispositions and musical uni-
versals,” in The Origins of Music, edited by N. Wallin, B. Merker, and S.
Brown �MIT Press, Cambridge, MA�, pp. 427–448.

Trehub, S. E., Bull, D., and Thorpe, L. A. �1984�. “Infants’ perception of
melodies: The role of melodic contour,” Child Dev. 55, 821–830.

Trehub, S. E., Thorpe, L. A., and Morrongiello, B. A., �1985�. “Infants’
perception of melodies: Changes in a single tone,” Infant Behav. Dev. 8,
213–223.

Van Zee, N. �1976�. “Responses of kindergarten children to musical stimuli
and terminology,” J. Res. Music Ed. 24, 14–21.

Vos, P. G., and Troost, J. M. �1989�. “Ascending and descending melodic
intervals: Statistical findings and their perceptual relevance,” Music Per-

cept. 6, 383–396.

Stalinski et al.: Distinguishing up from down 1763


