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Abstract

Four- to ten-month-old infants (n=58) were examined on their ability to match
magnitude across modalities. Their looking behaviour was recorded as they were
presented with an intensity modulated auditory stimulus and three possible visual
matches. The mean looking times towards a visual target (size envelope matching
intensity envelope of the auditory stimulus) and a non-target were calculated. Five-
month-olds and seven- to ten-month-olds show a significant preference looking
towards the target, as do an adult control group. Four- and six-month-olds do not.

Background

The current paper will briefly cover multimodal
perception of speech as well as the power law of
phsycophysics. Cross-modal magnitude match-
ing in infancy will be proposed as a result of the
latter and a precursor of the former. Lastly, the
experiment of the current study will be pre-
sented.

Multimodal speech perception

Speech perception is a multimodal phenomenon.
It is not the acoustic signal alone that provides
the listener with information; if available, the
articulatory movements of the speaker’s face
influence the perception of the speech signal. In
noisy environments, listeners are better able to
understand what is being said if able to see the
speaker (Erber, 1975; Ewertsen and Nielsen,
1971; Sumby and Pollack, 1954) and when
presented with conflicting auditory and visual
cues, listeners’ perception of speech sounds is
heavily influenced by what is seen (McGurk and
MacDonald, 1976; Traunmiiller and Ohrstrom,
2007). Similarly, perception of the acoustic
speech signal can be enhanced or influenced by
information presented in other modalities, such
as touch (Bernstein and Benoit, 1996).
Multimodal perception of speech is present
already in infancy. If presented with conflicting
visual and auditory cues, 5-month-olds’ percep-
tion of syllables is influenced by the visual
component much like in adults (Rosenblum,
Schmuckler and Johnson, 1997). In addition,
several studies have shown that infants are able
to identify the articulatory movements related to
syllables or speech passages (Barker and Tomb-
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lin, 2004; Kuhl and Meltzoff, 1982; Kuhl and
Meltzoff 1984; Kuhl and Meltzoff, 1988;
MacKain, Studdert-Kennedy, Spieker and Stern,
1983).

In a classic study, Kuhl and Melzoff (1982)
demonstrated 4- to 4.5-month-old infants’ abili-
ty to identify articulatory movements of vowels.
The infants heard either /a/ or /i/ repeatedly,
while visually presented with recordings of two
faces, each articulating one of the syllables. The
infants’ looking time towards the correct face
was significantly above chance, showing that
infants at this age are able to connect the
articulatory movements with the acoustic signal.

Attempting to replicate and expand Kuhl and
Meltzoff’s studies with 6- to 8-month old in-
fants, Lacerda and colleagues visually presented
four faces articulating syllables, while one
syllable was presented auditorily, thereby reduc-
ing chance level to 25% instead of 50%. Syll-
ables used in the study were /a/, /y/, /ba/ and
/by/, and the gaze-measure used was gain (how
much longer subjects looked to a certain area
during the test compared to during baseline).
The infants, however, did not alter their looking
behaviour significantly towards the visually
matching target syllable. Instead they looked
more to the articulation of /ba/ regardless of
what was presented auditorily (Klintfors, 2008;
Lacerda, Klintfors, Gustavsson, Marklund and
Sundberg, 2005), a behaviour hypothesized to
be related to a general cross-modal matching
ability compatible with the phsycophysical pow-
er law.
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The power law of psychophysics

Psychophysics pertains to the relationship be-
tween magnitude of physical stimuli and the
perceived magnitude. The psychophysical power
law as proposed by Stevens states that “equal
stimulus ratios produce equal subjective ratios”
(1957). This means that if subjects are asked to
adjust the level of a stimulus (e.g. the intensity
of a tone or the brightness of a light) to half of
the original, they will reduce the stimulus mag-
nitude to a certain percentage of the original,
regardless of the level on which they start. The
relationship between subjective and stimulus
magnitude can thus be described as a power
function' where M, is the subjective magni-
tude, M., is the stimulus magnitude and £ is a
constant dependent on which units are used.

_ n
Msubj - kMstim

Different sensory impressions have their own
characteristic exponent n, derived from experi-
mental data (Stevens, 1966). For instance, the
exponent of loudness is 0.3 while for heaviness
it is 1.45, resulting in different functions which
describe how the perceived magnitude corre-
sponds to the stimulus intensisty and stimulus
weight respectively (Stevens, 1957). Since all
sensory representations are expected to follow
the power law, there is a potential direct pro-
portionality between sensory dimensions. Sub-
jects are indeed able to match sensations in one
modality to those in another (Stevens, 1966); if,
for instance, subjects are asked to adjust the
loudness of a tone to the intensity of vibrations
applied to fingertips or to the brightness of a
light, they will do so systematically according to
the relation between the power functions for
each of the two modalities (Stevens, 1962).

Cross-modal magnitude matching and the
current study

As reported by Stevens (1962), humans have the
ability (and possibly a predisposition) to associ-
ate degrees of magnitude across modalities. This
could explain the results of Lacerda et al.
(2005). Infants looked more towards faces with
more noticable articulation, suggesting they did
not necessarily connect the syllable they heard
with any particular articulation, but instead
looked towards the most visually prominent

" This description is valid the middle ranges; for magnitude
values near the minimum and maximum thesholds, there
are known departures from this power law.
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event when presented with any sound (contrast-
ed to the silent baseline), resulting in greater
gain for the /ba/-articulation than for the others.

In this light, the general process of cross-
modal magnitude matching can be seen as a pos-
sible precursor of multimodal perception of
speech, serving as a fundament of speech deve-
lopment and first language acquisition. Indeed,
while there is no reliable evidence for audio-
visual speech perception before the age of 3
months (Burnham, 1998), infants’ ability to
match intensities across modalities has been
demonstrated already at three weeks of age
(Lewkowicz and Turkewitz, 1980), suggesting
that the cross-modal magnitude matching ability
may precede the onset of multimodal perception
of speech.

To assess the potential role of general cross-
modal magnitude matching in the devopment of
multimodal speech perception, it is important to
study infants’ spontaneous magnitude matching
across modalities in non-speech contexts. The
present study thus examines 4- to 10-month-olds
ability to match intensity modulated white noise
to size modulated images of suns.

Method

Participants were 58 infants between 4 and 10
months of age (mean age = 7.3 months), ran-
domly selected from the Swedish national
address register, based on date of birth and
geographical criteria. A control group of 12
adults also participated in the study.

The experiment consisted of several short
film sequences presented in random order, and
had a total duration of 140 seconds. The current
paper is based on the analysis of one of the two
types of film sequences presented in the experi-
ment. The relevant sequence type had a duration
of 20 seconds and showed three suns lined up
next to each other (see figure 1). The sizes of the
suns were modulated while intensity modulated
white noise was presented and the size envelope
of one of the suns was congruent with the in-
tensity envelope of the noise (the target). There
were three occurrences of the relevant film
sequence, balanced for target-sun position.

For each version of the film sequence three
areas of interest were defined (see figure 2) and
the total looking time for each subject within
each of those areas were measured. Finally, each
subject’s average looking times to non-target
suns and target suns respectively (regardless of
screen position) were calculated.
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Figure 1. Snapshot of the film sequence. The suns had
different size envelopes, one of which matched the noise
envelope.

Figure 2. The areas of interest, each covering one sun.

Data recording and pre analysis processing were
performed using Tobii T120 and Tobii XL hard-
ware, and Tobii Studio 2.0 software. Data analy-
sis was performed in SPSS 17.0.

Results

The participans were divided into different age
groups as shown in table 1.

Table 1. Age groups of the participants.

Number of
participants

4
12
5
8
9
9
10 11
Adult (control) 12

Age (months)

O | X[ Q| |[n| B
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The looking behaviour of the infants is shown in
figure 3. A significant difference in mean look-
ing time towards target versus non-target was
found using a repeated measures ANOVA
(F(1,51)=20.185, p<0.0005). There was no inter-
action between looking behaviour and age
group. When analysed separately, the looking
preferences of 4-month-olds and 6-month-olds
were not significant.

Infants

Mean Looking Time (s
—p—

Age (months)

Figure 3. The average looking time (y-axis) towards target
(triangles) and non-target (squares) respectively for all age
groups (x-axis), with a confidence interval of 95%.

Using a paired samples 2-tailed t-test it was
demonstrated that the adults looked significantly
longer to the target sun (t(11)=2.487, p<0.03).
For target suns, the mean looking time was 8.3
seconds and for non-target suns it was 6.2
seconds (see figure 4).

Adults (control)

12

g

Mean Looking Time (s)
T

T T
Target MNonTarget

Figure 4. The average looking time (y-axis) towards target
and non-target respectively for adults, with a confidence
interval of 95%.
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Discussion

Adults looks longer to the target sun than they
do to the non-target sun and can so be assumed
to detect the cross-modal magnitude match.

Infants between the ages of 7 and 10 months
show a similar behaviour, as do infants at 5
months of age. The results from both 4- and 6-
month-olds are non-significant and might be ex-
plained by the low number of subjects in those
groups (n=4 and n=5 respectively). Additional
data from 4- and 6-month-olds will be collected
and added to the present data.

If adding data from more 4- and 6-month-old
subjects confirms the present pattern, it may be
assumed that the behaviour does not undergo
any major changes during the age span covered
in the experiment. However, pooling across all
age groups suggests a stable looking preference
towards the target sun. Expanding the age span
covered would also be of interest to determine
the youngest age at which cross-modal magni-
tude matching can be demonstrated.

If, even with added data the target-preference
pattern does not emerge, different explanations
as to why would be in order for 4- and 6-month-
olds. Since 4 months is the youngest age cover-
ed in the current study, one possible explanation
could be that they are too young for the cross-
modal magnitude matching ability to be fully
developed. This would, however, contradict the
results of Lewkowicz and Turkewitz (1980),
where even younger infants were reported to
have this ability. One possible (if rather far-
fetched) idea as to why 6-month-olds would
behave differently than the other age groups is
that at around 6 months of age, infants’ per-
ception of the world is largely restructured (in
terms of caterorization and/or generalization). It
is however far more likely that 6-month-olds
will display the same pattern as the other age
groups.

Once it has been thoroughly established that
both multimodal perception of speech and the
cross-modal magnitude matching ability is
present in infancy, an interesting next step
would be to present infants with conflicting
cues. Infants’ behaviour when presented with
e.g. vowels whose intensity has been altered so
that a vowel whose intensty is relatively low
when occurring naturally is increased (and vice
versa), as well as their articulations to match
them to, would give answer to which of the two
phenomena is more heavily relied upon. If in-
fants in this situation rely more on general
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magnitude matching, they would prefer the most
visually prominent articulation when presented
with the loudest syllable. However, if they are
more sensitive to the correlation between arti-
culation and vowel quality, they would prefer
the face with the correct articulation.

In conclusion, some evidence for cross-
modal magnitude matching is found in 5- and 7-
to 10-month-old infants and adults. Additional
subjects in the groups of 4- and 6-month-olds
will probably give more conclusive results for
the entire age span investigated. Further experi-
ments with conflicting cues (articulation match-
ing vs. magnitude matching) are suggested.
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