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Do Infants Perceive Invariant Tempo and Rhythm in
Auditory-Visual Events?
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Two experiments tested T-month-old infants’ ability to categorize events on the basis of invaran
shyvthm or tempo. Vidéoraped auditory-visual events (a hammer striking o surface 1o creaie char-
actenstic rhvthms and tempos) wers presented to fnfants using an habiasion procedure. In Exper-
iment 1, fellowing habiteation 1 events depicting one tempd @mid three rhythms, infants showed
& significant recovery of visual sitention to a change i tlempo and thythm, but not 1o 2 change in
rhvthm slone. In Experiment 2, following habimation to events displaying one rhvthm amid three
wempos. infanis did not show a recovery of visugl anennion to & change in thythm and empo, ner
to & change in tempo alone The pantern of results suppested that T-month-eld infanis categorized
events on the basis of invariant tempo amid chinging rhythms, but did not appear 1o de 5o for an
invariant tiivthm in the context of changing tempos.

tempo  rhwihm

categorization

The rhythm of an event refers to the pattern of
action over time, while its tempo refers to the
rate of stimulation (Fraisse, 1978), Many natural
events (e.g., spoken language, hands clapping, &
ball bouncing) display both & charactensuc
rhythm and tempo. According to Gibson (1969),
infants can abstract the invariant amodal struc-
ture of events, including temporal information
such as rhvthm and tempo. Prior swdies,
reviewed below, suggest that infants are fairly
adept at discnminating changes in either the
rhythm or tempe of & stimulus. However, many
events display both rhythm and tempo, and few
studies have manipulated both 10 test the
infants’ abiliny 1o perform more complex per-
ceprual tasks. For example, will infants catego-
rize events on the basis of a temporal invariant,
that is, abstracting an invariant thythm in the
context of changes in tempo, or vice versa?

In 2 prior study, we observed that 7-month-
olds discrimimated several rhythm and tempo
contrasts displayed in dynamic, bimodal video-
taped events (Pickens & Bahrick, 1995). The
present study extended the prior research as fol-
lows: Expeniment | tested the 7-month-olds’
ability to abstract an invariant tempo in the con-
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text of changing rhythms, while Experiment 2
tested if the infants would abstract an invanant
rhvthm amid changes in tempao,

INFANTS' SENSITIVITY TO TEMPO

Studies on infams’ discnimination of tempo,
testing infants as young as 6 weeks old, have
reported that infants look more at stimuli flash-
ing at certain rates than at others, suggestng
they can visually discriminate tempo (Balaban
& Dannemiller, 1992; Freedland & Danne-
miller, 1987 Karmel, Lester, MeCarvill,
Brown, & Hofmann, 1977). For acoustic stim-
uli, Trehub and Thorpe (1989) reported that 7-
to 9-month-old infants discriminated changes in
the tempo of 3- and 4-tone sequences. Addi-
tional evidence for infants” sensitvity to lempo
comes from studies of their intersensory percep-
tion, Spelke (1979) observed that 4-month-olds
looked longer at a filmed object whose motion
matched the tempo of sounds. However, other
researchers (using spatiaily static stimuli instead
of filmed events) failed to observe auditory-
visual matching on the basis of tempo prior to 6
months old (Humphrey & Tees, 1980; Lewkow-
icz, 1985; 1992; Moore & Gibbons, 198E)
Lewkowicz (1988a; 1988b) observed that 6-
month-olds discriminated a 2- to 4-Hz change in
the tempo of 2 compound auditory-visual stimu-
lus when both auwditory and visual components
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changed tempo. By 10 months of age, infants
responded to changes in the tempo of either the
acoustic or visual components of the stimuli.
This suggests a developmental progression,
such that infants become increasingly sensitive
to finer aspects of the tempo of events as they
marnire,

Recently, Pickens and Bahrick (1995)
observed that 7-month-old infants discriminated
changes in the tempo of a videotaped, auditory-
visual event consisting of a hammer smking a
surface. Infants were habituated to events dis-
plaving one rhythm presented at a constant
tempo, followed by test trials presenting the
familiar rhythm at a novel tempo. Infants
showed a significant visual recovery indicating
discrimination of a novel tempo (1.2 vs, 4 Hz
and 1.8 vs, 2.7 Hz contrasts), with a larger
recovery observed for the larger magnitude
shifts in tempo, Infants’ discrimination of the
tempo shifts were observed across four underly-
ing rhythm contex1s.

INFANTS' SENSITIVITY TO RHYTHM

When the duration of an element or intervai
making up a thythmic parern is changed, this is
referred 1o as an absolute timing shift. When
only the order of otherwise identical elements
and intervals making up a rhythm panem is
changed, this is referred to as a relative timing
contrast. Researchers have demonstrated that by
1-1/2 1o 3 months old infants can discoiminate
some absolute timing shifts in the rhythm of
acoustic stimuli (Demany, McKenzie, & Vurpil-
iot. 1977). However, it is not until later in devel-
opment, between 5 and 12 months of age, that
infants begin to discriminate relative timing
changes in the rhythm of acoustic stimuli
{(Chang & Trehub, 1977, Marrongiello, 1984,
1986, 1988), For example, Mormongiello (1984)
reported that while 6-month-old infants detected
absolute nming shifts in a series of white-noise
bursts, infants did not detect relative timing
rhythm contrasts until twelve months of age.
Mendelson and Ferland (1982 reported evi-
dence of crossmodal rhythm discrimination by
4-month-old infants. Following familiarization
to a rhythm presented acoustically, the infants
responded to an absolute timing change m 2
rhythm presented visually. In another study,
Mendelson (1986) presented 4- and 2-month-
old infants with films of a puppet moving up and
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down in relative timing rhythms characterized
as low, medium, or high in complexiry. Infants
looked more at the medium complexity thythm
at 4 months, but locked more at the high com-
plexity pattern at 8 months. These studies sug-
gest that infants visually discominate some
thythms by 4 months of age, but that the
salience of different rhiythms may shift with age.

Pickens and Bahrick {1995) observed that 7-
month-old infants discrimunated relative timing
rhythm contrasts displayed by a videotaped toy
hammer striking a surface along with its natural,
synchronized impact sounds. Infants habiruated
to one rhythm presented at & constanl tempo
subsequently responded to @ novel rhythm pre-
sented at the familiar tempo. Discrimimation
findexed by a recovery of visual fixatior ¢ a
novel thythm) of four different relative tming
rhythm conirasts was observed at each of four
constant tempos in these bimodal events.

The prior srudies suggest a developmental
progression, such that younger infants have
some ability to discriminate thythims and 1em-
pos, but they come to detect finer or more subile
aspects of temporal structure later in develop-
ment. Investigators have presented infants with
very different types of stimuli: visual, acoustic,
or multimodal; white noise vs. tones; spatially
static v4. dynamic; absolute vs, relative timing
shifts; larger vs. smaller tempo shifts, etc. The
age when discmmination of rhythm or tempo 1s
observed is clearly mfluenced by the type of
stimuli presented. For example, investigators
have reported rhythm discrimination at 4
months of age for absolute tming shifts pre-
senred across modalines (Mendelson & Ferland,
|982), ar 7 months of age for relative timing
contrasis depicted in auditory-visual events
(Pickens & Bahrick, 1993} or not unnl 12
months old for relative tming conirasts pre-
sented acoustically (Morrongiello, 1984). Like-
wise, 2- to 3-month-oids discominate some
changes in the tempo of a visual stimulus (Bala-
ban & Dannemiller, 1992}, and 4-month-olds
match dynamic films and sounds on the basis of
tempa {Spelke, 1979). However, with spatially
static stimuli, and dependent upon whether a
ternpo shift is presented to the auditory or visual
sensory medality, infants may not detect some
changes in tempo unul 10 months of age
(Lewkowicz, 1988a, 1988b). These prior studies
senerally suggest that infants” temporal discnim-
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ination skills improve with development, How-
ever, few studies have examined more complex
perceptual tasks, such as the extent to which
infants can categorize stimuii on the basis of a
ternporal invariant amid other stimulus changes.

Categorization

Caregonzation involves the perceiver treating
discriminably different objects or events as
equivalent on the basis of one or more properties
{Cohen & Strauss, 1979; Cohen & Younger,
1983: Mervis & Rosch, 1981). Pror studies
have shown that infants are able to form catego-
ries based on objects sharing a common physical
feature (such as color or shape), Trehub and
Thorpe (1989) reported that 7- to 9-month-old
infants showed evidence of categorization on
the basis of rhythm across vamations in the
tempo for 3- and 4-tone acoustic sequences.
Howewver, researchers have not vet explored the
infant's categorization of multimodal events on
the basis of rhythm or tempo. To this end, the
present study hypothesized that 7-month-old
infants would treat as equivalent stimuli displav-
ing; (a) a common tempo amid several changes
in thythm, and (b) 2 common rhvthm across sev-
eral changes in tempo,

EXFPERIMENT |; DETECTION OF
INVARIANT TEMPO

Seven-month-olds were habituated to video-
taped events depicting three different rhythms at
the same tempo. Following habituation, infants
received test trials of either a novel-tempo/
novel-rhythm or familiar-tempo/novel-rhythm,
and their visual recovery to the sumuli was
assessed. A significant visual recovery was
expected for infants who received the novel
tempo/novel-rhythm (new categoryj, but not
those who received the familiar-tempo/novel-
rhythm (another rhythm exemplar in the familiar
temnpo categary).

METHOD
FParticipanit

Thiry=two T-maonth-eld infants (M = 2152 days, S0 =60}
paricipated, with 17 boys and 15 girls. The dam for 6 infants
were eliminatad due to crying during testng, and for 2
irvfants for failure to habituate (see procedure section, below,
for an explenation of the rejection ertena), All parhcipants
were healthy. full-term infants with no complications during
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delivery and no reperied health problems. Meither ethnicity
nor other social, economic or demographic datz were col-
lected,

Stimuli

Events consisted of videotaped recordings of a bright red
plestic hammer stoiking a wooden surface. The hammer waz
memipulated with a black wooden rod which blended with a
black backeround so that the rod was not visible, The ham-
rer {25 omin length) was moved up and down (& distance of
21 cm) in & typical hammering motion, repsstedly striking
the surface o create 8 chasacteristic rhythm and tempo, A
progmmmable memonome was used o Time the hammer
impacts during filming, with the same velesity and wrajec-
tary of motion maintained across impacts, The natural, syn-
cheonized wmpact sounds were directly recorded onto
videntaps,

Four rhythim patiemns were filmed ar each of four tempos.
The thythms differed only by the relative order of impacts
and tnrervals in each pattern (g, reiatve timing CORITRSIS],
with the number and duration of impaces the same for all
thythms. Each rhythm conststed of 2 repeating cycle of & 4-
beat measure of 4 impacts alternating with a 4-heat measure
of rests, as follows:

L. xxxox
2. xOEx
3 ExOXNQr

4, xwoxi

where x represents & whole-beat impist, =5 two half-beit
impacts, and ¢ & whole-beat rest.

Each pamem was filmed at sach of four tempos (1.2, 1.5,
2.7 and 4.0 Hz} resulting in 16 passible rhythm-tempe com-
binations. & conrol sumulus consisted of a video display of
mezal kevs on & ring in front of o white background. The
keys were intermittently shaken to produce a jingling sound.

Apparams

Infants were seated in an infant sest surrounded by black
curtzins and facing a 19-in color video monttor ot a distance
of 55 cm. The screen was surrounded by black poster board
with twoe small aperures cut into it to allow observers to
monitor the infants. A set of colored lights and a mechanical
toy dog pesitioned nhove fhe video moniter were used 10 ari-
ent the infants’ atention forward &1 the beginning of cach
S£5500T

Procedurs

[nfants were tesied using an infant control habination proge-
dure {Horowitz, Peden, Bhena, & Self, 1972} Observers’
recordings of all mals were inltiated as soon as the infant
fixated the viseal display and terminated once the infant
locked away for 1.5 5. lmer-trial intervals were 5 s, with 120
£ s a5 the maximum trial lengeh. Observer(s) recorded
infants® visual fixations 1o the displays using bumons con-
nected to & computerized evenl recorder. The computer was
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programmed (0 record fixation on line, signal when each
mial was over {when the infant looked away for |.55), and
when the habjtuation ¢renon was met, Onby the observa-
tions of a primary observer controtled the stimulus presenta-
tizns, while the observanions of the secondary observer were
recordsd (o caleulate iner-observer refiabilicy, The observ-
#r5 could not view the monitor from their positions, and they
waore headsers which produced white noize at 80 dB o mask
stimulus sounds (which averaged 60—65 dB) so that the
abservers were not unaware of the: stimulus condinon.

Prior ta the habitwation sequence, the control display
(Kevs) was presented, The mnitial conmol mal assessed
infanis” nameral fevel of visual fixation o2 moving-sounding
stimuius, and provided 3 warm-up period for infants 10 accli-
mitte 1o the experimental setting. This control mal stimulus
was presented agam at the end of the entire 1esting session,
to azsess the mfants™ability to respond 1o @ novel stimuius at
the end of the sessien as an index of fatigue

Following the imital control tnal, each infant received
the habityanion senes conmisting of three different rhythms
al] presented at the same rempe, Visual fixations during the
first three habituation trials were averaged by the on-line
computer 1o arrive at a baseline of initial visual fixaton, The
hahituation sequence consisted of 5 mandatory trizls. and
then continued until the habituation crtenon was reached
(defined as & fization decrement of 30% or greatér relative 1o
haseline on 2 consecutyve [rials), Three posthabinartion trials
(continung the habimation seqience) were presented after
the habimuation crterion wis reached to estabiish a more
conservative habituation critenion and to control for regres-
sion effects {see Berrenthal, Haith, & Campos, [$83)

Immediately fellowing the 3 posthabituanon toals, all
infints were presented o senes of 3 test rrials 1o assess visual
recovery, The 32 infants were randomly assigned 1o oneaf
mwa test conditions presenting sither: (&) a novel chythm ata
novel tempa (expenimentzl), or (b) a movel thythm ar the
femiliar tempo {controt}, Order of rhvthm presentation was
countér-balanced across paricipants in each condition (there
were 4 randomly setected rhythm orders: 2.4, 13 vs. 3.1,4-
2 ws. 13,24 vs, 4,2, 3= with the first 3 thythms presented
in & rotanng sequence across habinmation trials, and the
fourth rhythm presented on test rints), Four infanis in each
group were habituated at tempos of 4.0, 2.7, 1.8, and 1.2 Hz.
respectively. Infants in the expenmentl group received
wempo contrasts of 4:0—1.2 Hz, 1.2-4 Hz, 2.7=1.8 Hz, or
|,8=27 Hz. rmespectively, Infamis in the control group
recerved no change in tempo on &St rials,

To ensure that infants had, in fact, habituated to the stm-
ulus events, datn for mfants whose mean posthabimeation fix-
ation level exceeded that of therr mean bassline fixation
leve| were excluded from the analyses (n = 2 excluded on
this basis), Second, to ensure that infants in the sample were
not overly fatigued, their vissal fixation during the final con-
frof trial (keys) was compared with that of the inital comrol
tral. If looking on the final contral mal was less than 20% of
the initial fixation level that subject’s data were omutted (no
data were omitted on this basis in Experiment 1)

A second observer monitersd visual Axations for 28% of
the infants to assess imter-cbserver reliability. The mean
Pearson product moment correlation betwesn the two
observers' mrial by mal observations of looking time for each
infanr was calculated and averaged agross infanes, resulung
in & correlation of .99,
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Resuits

The performance of infants during habituation
was assessed by examimng the following vari-
ables: mean seconds of visual fixation on base-
line, habituation criterion and posthabituaticn
trials, as well as the number of trials and total
seconds of visual fixation 1o reach the habitua-
tion criterion (Table 1), Analyses of vanance
(ANOVAs) with condition (experimemtal wvs.
control) as the main berween-subjects. factor
were performed on each habitation variable,
These analyses revealed no significant main
effects of condition; p > .10 for all wests. indicat-
ing that experimental and control infants did not
differ a priori, and so the pattern of recovery
scores was not accounted for by differences m
habiruation across the two groups.

Difference scores were calculated as a mea-
sure of recovery of visual fixation to the est dis-
plays, Mean visual fixation for the 3
posthabituation trials was subtracted from mean
visual fixation for the 3 test rials. This “recov-
ery scare” reflected the change in the amount of
visual fixation to the test stimuli relative 1o each
subject’s own habiated visual fixation level.
Paositive recovery wvalues mndicated discnmina-
tion, while negative recovery scores indicate
peneralized habituation to the test stimulus. As
shown in Table 1, the mean visual recovery was
positive for the experimental group (M = +2.90
511 contrast 1o the control infants, who showed
2 negative recovery (M =-0.73 s). A three-way
ANOV A performed on threcovery scores with
condition {2 levels), rhy'rhm—'urder {4y and habit-
uation tempo (4) as factors, produced a signifi-
cant main effect of condition, A1, 30)=6.92, p
< (2. In that analysis there were no significant
main effects or two-oway interacuons for
rhythm-order or tempe, p = .10, both teses
{three-way interactions were not examined).
Follow-up ¢ tests revealed that the positive
recovery score was significantly greater than 0
in the experimental condition, t(15} = 10534, p <
(1, but this was not the case in the control con-
dition, p > .10. A total of 12 of 16 Infants
showed a positive recovery score in the experi-
mental condition; in contrast, enly 2 of 16 con-
trol infants did so, ¥* (1, N=32)= 1270, p <
05, These results suggest that the 7-month-olds
abstracted the invariant tempo across changss in
rhythm, and responded to a novel tempo cate-
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TABLE 1
Visual Fixation oz a Functisn of Test Condition in Experiments 1 and 2
Test Initial  Final # of #of Post- Test Visual
Condition Contrel Contrel Boseline Trials Seconds Criterion habit. Trials Recovery
EXPERIMENT 1
P Tarnlpu." M 24.5 21.8 24.0 B.4 1379 5.4 4.8 77 +2.9°
Mew Rhythm SO (5.4) (660 {1400 {33) [47.5) (2.2 (3.60 3.8 (&3)
Cld Tempe! M 28.4 Z21.4 259 8.0 124.6 50 50 4.3 -0.7*
Mew Rhythm 80 (7.3) (4.5 (13.4)  (.4) (42.2) {3.0) (2.5)  (3.00 (30
EXPERIMENT 2
MNew Rhythm/ M 31.0 24.5 21.7 8.0 106.2 4.8 59 4.7 =12
Hew Tempe 50 (4.9}  (&1] (940 (21) {357 {23 (2.8) 129 1239
Old Rhythm/ M 28.5 255 22.5 8.8 118.5 4.7 5.1 6.5 + 1.4
NewTempe SO [6.1] [104) (1130 {35 (39.0) (3.0 (28 |55 167

Motes. inftial and Final Control Trials = visual fixation to keys. Beseline = number of seconds of fixation
averoged over the first 3 hobituation trials; # of Trials = number of triols to habituation criterion; Seconds =
cumulotive seconds of visual fizatian until the hobituation criterion wos reached; Critericn = seconds of vizual
fixalion averoged across 2 habituation criterion tricls; Posthobit, = secends of fixation avercged over 3 post-
nobituation triols: Test Trials = seconds of visual fixation overoged across 3 test trials; Visuol Recovery = dif-
ference between mean Test and Posthabituation trials fixation_ * indicates significantly different ot the p < .03

jevel ar less.

gory, but generalized habituation to & thythm
change alone.

Additional anatyses were performed to assess
if the visual recovery observed in the experi-
mental group differed as a result of the magm-
tude {extreme vs, intermediate) shifts in tempo
on test trials. Half of the experimental infants
received an extreme shift in tempo from habitu-
ariom to test trials (4 ve. 1.2 Hz, or 1.2 vs. 4 Hz),
while the other half were presented 2 more mter-
mediate change in tempo (2.7 vs, 1.5 Hz, or 1.8
ve. 2.7 Hz). Infants presented the more extreme
tempo contrast showed a larger recovery (M =
+4 63 5) than those presented the inter-mediate
contrast (M = +1.17 s}, with only the recovery 1o
the more extreme tempo contrast significant rel-
ative to matched controls, 1(14) = 3.57, p < .01,
and #14) = L.01, p > .10, respectively, Another
analvsis included a two-way ANOVA ob recov-
ery scores with condition (2) and gender {2) as
factars, and this revealed no significant gender
effects, p = .10,

Diseussion

Expeniment | revealed that 7-month-ald infants
detected the mvamant tempo in the context of
changing rhvthms in a senies of dynamic. bimo-

dal stimuli. When infants were habitualed to a
series of discnminably different thythms pre-
sented at @ single tempo, they responded 10 a
novel thythm presented at a novel tempo, but
not 1o a novel rhythm presented at the familiar
termpo, This suggests the infants abstracted the
invariant stimulus tempo during habituation.
and responded only to a novel tempo category,
but did not respond to a novel thythm, presum-
ahly because this was treated as just another
exemplar from the familiar category,

EXPERIMENT 2: DETECTION OF
INVARIANT RHYTHM

A second experiment was performed to examine
infants” detection of invariant thythm in the con-
text of changing stimulus tempos. The design of
Experiment 2 was similar to that of the first
experiment, except that the role of tempo and
rhythm was reversed. Infants were habituated to
events of different tempos that displayed a com-
mon rhythm. Following habituation, test trials
were presented displaying either: {a) a novel
rhythm and novel tempo, or (b) a familiar
rhythm at a novel tempo. It was predicted that
infants would abstract the invariant rhythm dur-
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ing habituation and show a visual recovery to a
change in rhythm but not a change in tempo,

METHOD
Paricipants

Tharty-rwo infants whose mean age was 2154 days (50 =
5.4) participated, with 18 girls and 14 boys. They were
recruited frem the loeal community, and all were healthy
with no complications during delivery. Data from additional
infants were collected but rejected from analyses because
thev fell asieep during the procedure {n = 2}, expenenced
equipment failure duning festing (a = 2), failed fo hebinae
(=2}, or were excluded due to the fatigue criterion {(n = |}
(sec Experiment | procedures for a descriprion of the rejec-
thon srteria),

Procedure

The stimulus films and apparitus were idenncal to those of
Expenment | All infants again received an imital control
trial (keys), Hahituetion consisted of a series of mals depict-
ing the same rhythm presented at each of three wmpos. Fol-
lowing habimanan, the 32 infants were randomly assigned
iy one of two test conditions, (o) a novel rhvthm-novel
temnp, or (b the familiar-rhythmmovel-tempo, and visual
recovery was assessed, Randomly selected tempo presenta-
non orders and rhythm confmsis were counterbalanoed
zcross participanis and conditions. In the experimenal
inovel-rhythminovel-tempo) condition, 4 rhythm contrasts
{£.5.. thythm | during habituation vs. chythm 3 during rest, 3
ve, 1, 2 vs 4, and 4 vs. 2) were counterbalanced across par-
ticipants. In both condinons. stimuli displayed a differont
wempo on each trial, presented in | of & mndomly selected
tempo orders (e.g.. 4.0, L8, 1.2 Hz, er¢.} with tempo orders
counter-balanced poross the participants and conditions in
Expenmem 2,

The final control trinl (keys) was again presented last
and the same rejection critene as those employed in Expen-
ment | were observed, A secondary observer momitored
visual fixations for 41% of the infanrs. The mean Pearson
correlation berwesn visual fixation recordings of the two
ohservers, taken for cach participant apd then averaged
agross infants, was 99

Results

& summary of the habituation variables are pre-
sented in Table 1. A series of ANOVA were per-
formed on each habituation variable (baseline,
number of trials 1o habituate, seconds of visual
fixation until habituation, mean looking on
habituation criterion trals, and posthabituation
trals), with condition as a main between-sub-
jects factor, Results indicated no significant
main effects, p > .10, all tests, suggesting that
the infants' initial and final fixation and their
pattern and rate of habituation was comparable
across conditions. Thus differences in habitua-
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tion to the stimulus events could not hias or
account for the results of the primary analyses of
visual recovery scores,

Recovery scores were again calculated as the
difference between mean posthabiration and
mean test wial fixation. Visual recovery of the
experimental group (M = —1.2 5) was smaller
than that of controls (M = +1.4 5). A three-way
ANOVA was performed on the recovery scores
with test condition (2 levels), habituation
rhythm (4) and tempo presentation order (4) as
factors, and this resulted in no significant effects
{p = 10 for tests of main effects and two-way
interactions; the three-way inferaction was nol
examined). Follow-up r tests revealed that nei-
ther recovery score was significantly different
from 0, p > _10. Finally, a two-way ANOV A on
recovery scores with condition and gender as
main factors revealed no significant effects due
to infant gender, p > 10

In conclusion, no significant visual recovery
was observed for the experimental group infants
relative to the controls, In contrast 1o our
hypothesis, there was no evidence that the
infants in Experiment 2 abstracted the invariant
rhythm across changing tempos, or recognized a
novel rhythm-novel tempo on test tmials. It did
not appear that any of the individual rhythm or
tempo-order conditions significantly - affected
this pattern of results,

GEMERAL DISCUSSION

The results of Experiment | suggested that 7-
month-olds abstracted an invariant stimulus
tempo amid changes in rhythm, Our prior study
using these sumuli (Pickens & Bahnck, 1993)
established that 7-month-olds were capable of
discriminating these rhythms and tempos. The
term categorization has been used to refer o a
perceiver treating discniminable events as simi-
lar on the basis of a commaon feature or property.
Therefore, the results of Expeniment 1 suggest
that by 7 months of age, infants showed evi-
dence of categorization on the basis of invariant
tempo for events with discriminably different
rhythms. This is similar to the way infants have
been shown to categorize objects on the basis of
physical stimulus attributes such as size, shape,
or color (e.g., Cohen & Strauss, 1979; Cohen &
Younger, [983).

In contrast to the results of Experiment 1, 7-
month-olds showed no evidence of abstracting
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an ipvariant rhythm amid changes in tempo in
Experiment 2. Our prior study (Pickens & Bahr-
ick, 1993) demonstrated that the rhythm con-
trasts presented were discriminable to 7-month-
olds (when tempo was held constant). There-
fore, an mability to discriminate these rhythms
at 7 months did not account for the infants’ lack
of a response to a novel rhythm in Experiment 2,
The absence of a visual recovery in Experiment
2, while 1t does not conclusively prove that 7-
month-old infants could not abstract an invariant
rhythm, does suggest that they did not do sc in
the context of varying event lempos.

From an invariant detection peint of view
{Gibson, 1969), the results can be taken to sug-
gest that infants direcily perceived invanant
temporal information. At 7 months of age, the
infants were able to abstract an invariant tempo
amid changes in rhyvthm, but were not able to
detéct an invarant rhythm in the context of
changing tempos. Thus detection of invariant
tempo may developmentally precede the detec-
won of invariant rhythm. Such developmental
seguences 1 nfants’ ability o detect various
tempaoral invariants have been proposed previ-
ously (Bahrick, 1992, 1994; Bahrick & Pickens,
1994: Lewkowicz, 1994). A more cognitive
interpretation  might suggest that  infants
encoded an internal schema, prototype, or repre-
sentation during habimation to which subse-
guent events were compared (Coben & Strauss,
1979 Cohen & Younger, 1983 Mervis &
Rosch, 1981), From this perspective, the 7-
month-old infants couid be described as catego-
rizing stumuli on the basis of tempo, but not
thythm. With development, infants may develop
a greater capacity o form more elaborate cogni-
tive prototypes and therefore from this view-
point might also be predicted to begin to
categorize on the basis of thythm later in devel-
opment, The results of the current study are thus
consistent with both Gibsonian and cognitive
categorzation models and do not appear to sup-
port ane view over another.

In the present studies, all test conditions pre-
sented a change in the temporal structure of the
stimuli, Qur pnor study demonstrated that 7-
month-olds responded to @ simple change in
either the rhvthm or the tempo of a bimodal
event (Pickens & Bahrick, 1995). However, in
Experiment | of the present study, in the context
of varving rhythm during habimation, infants
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only responded to a change in two temporal
properties of the test sumulus (rhyihm plus
tempao), but not to a change in rhythm alone. In
Experiment 2, in the context of varying tempos
during habituation, the infants did not show a
recovery of atiention to a change in tempo alone,
nor to & change in rhvthm plus tempo. Thus
change in one or even two temporal properties
of the test stimulus did not necessarily elicit a
response. Apparently, varying the rhythms dur-
ing habituation did not prevent infants from per-
ceiving an invariant tempe, while varying the
stimulus tempo did appear 1o disrupt their per-
ception of an invaniant thythm.

Perhaps changes in sumulus tempo were
more salient 1o T-month-olds than the changes in
stimulus rhythm, and therefore, shifis in empo
were more disruptive of infants’ abstraction of
the invariant rhythm. In the curremt smdy,
infants who received a more extreéme 1empo
contrast showed a greater recovery than infants
who received a more intermediate tempo con-
trast on test tnals. In our prior study using these
stimulus events (Pickens & Bahnck, 19935), 7-
month-olds' mean visual recovery to an inter-
mediate shift in tempo was also smaller than
their response to the more extreme change in
tempo, and this was a significant difference.
Since the infants in that prior study also showed
a significant recovery to changes in thythm, we
cannot siate that changes in tempo are necessar-
ily “more discriminable” than changes in
rhythm. Nevertheless, infants in both the current
and prior studies responded more to exreme vs,
intermediate tempo shifts. Therefore, because
some extreme tempo shifts were presented dur-
ing habituation in Experiment 2, these may have
disrupted the infants’ abstraction of an invariant
rhythm more than the rhythm shifis in Experi-
ment | disrupted their perception of an invariant
tempo:

One prior study has reported that 7- to 9-
month-olds do show evidence of categorizing on
the basis of invariant rhythm across vamations in
the tempo of 3- and 4-tone acoustic sequences
(Trehub & Thorpe, 1989). Their finding is in
contrast to the results of Experiment 2 of the
current study, which did not ohserve cateporiza-
tion on the basis of rhythm amid changes in
tempo. It is not clear whether this difference in
results across studies was due to Trehub and
Thorpe's testing of slightly older infants, their
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use of acoustic stumuli, or their use of a condi-
tioned head rumn procedure in conrrast o & visual
habtruation paradigm. Future research sheuld
attempt to test infants of different ages, present-
ing rhythms and tempos with a variery of stm-
uli, and tapping several testing procedures and
infant responses to betier deternune how these
different factors influence the infants’ perfor-
mance. [n thisway, researchers will begin to dis-
tinguish at which points in development, and
under which specific conditions, infants are abie
to abstract imvanant temporal structure  of
events.

To summarize. infanis are sensitive 1o the
temporal sructure of complex bimodal events.
In Experiment 1, 7-menth-olds appeared to cat-
egorize auditory-visual stimuli on the basis of
invanant tempo amid discnminsble changes in
rivethm. However, when tempo was varied and
rhythm was held constant in Experiment 2, the
T-month-olds did not appear 1o categorize
events on the basis of the invartant chvthm, The
pattern of results may reflect a developmenral
sequence in which infants" detection of invariant
tempo precedes their detection of invarjant
rhwthm, Another possibility is that differences in
the relative salience of rhythm vs. tempo vana-
tions presented during habituation may influ-
ence the infznt’s ability to abstract a emporal
invariant. Further studies may clarify these
issues. However, it i clear that by 7-months old
infants not only discriminate event wempos and
rhyvthms, but also appear capable of abstracting
an invariant tempo amid concurrent changes in
the rhythms of dynamie, bimodal events.
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FOOTNOTE

1. Metronome rates used for filming were 70,
110, 160, and 240 beats per min. Taking
into account the four-beat measure of rests
alternating with each measure of mpacts,

Pickens and Bahrick

this translates ime 35, 55, B0, and 120
impacts per min. corresponding to 1.2, 1.8,
2.7, and 4 Hz, respectively,
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