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ABSTRACT

The mapping of phonetic information to lexical
representations in adult and child speech was
examined using cross-modal priming. Native adult
listeners were presented with German word
fragments (e.g., Para- from Parasit, ‘parasite’) that
mismatched in the second vowel with a visual target
word (e.g., Parodie, ‘parody’). Word fragments were
spoken by a female adult speaker or a 7-year-old
child. Overall, response times were faster following
fragment primes spoken by the child. For word pairs
with the vowels /u:/, /i:/, and /a:/, fragments spoken
by the adult speaker primed target recognition with a
directional asymmetry, while no priming was found
for fragments spoken by the child speaker. This
suggests that phonetic-to-lexical mapping is possibly
sensitive to the age of the speaker. The results are
interpreted as an effect of previous experience with
the linguistic competence of child and adult speakers.

Keywords: Lexical activation, vowel mismatch,
child speech, age of speaker, cross-modal priming.

1. INTRODUCTION

Phonetic-to-lexical mapping involves computing
from a continuous speech signal the information that
identifies matching words in the mental lexicon [e.g.,
13, 29]. This process would be most economical if a
mismatch between input and lexical representations
leads to an immediate rejection of mismatching
candidate words. And while it is certainly true that
lexical activation is sensitive to all linguistic
information, empirical evidence suggests that the
process is not quite as parsimonious since activation
of candidate words can be found despite a partial
mismatch [e.g., 10, 19].

By and large, models of spoken-word recognition
assume that the mapping process from phonetic input
to lexical representations is not sensitive to social
aspects, such as to which group of individuals
the speaker of the input belongs to [26]. Recent
research on foreign-accented speech suggests that
this may not always be the case. Foreign-
accented speakers typically deviate in their
pronunciation from the norms of the target
language [e.g., 20] and listeners can adjust their
comprehension in line with the
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properties of the foreign-accented productions such
that the same deviations are treated differently
depending on the nativeness of the speaker [4, 8, 12].
It has been argued that experience with the source
properties helps to adjust the comprehension process
from the outset when encountering a (new) foreign-
accented speaker.

Foreign-accented speakers are not the only
speakers that recurrently deviate in their
pronunciation from the norms. Children are
“unreliable” speakers too, with a lower linguistic
competence than native adult speakers [e.g., 21]. In
the present study, we tested if the phonetic-to-lexical
mapping process is sensitive to the age of the speaker.
Listeners can recognize the approximate age of a
speaker from his or her voice quite easily [e.g., 15],
and age attributed to a speaker has previously been
found to shift listeners’ perception of vowels that are
currently undergoing a chain shift in a language [7]
and to influence listeners’ interpretation of
conceptual messages [24].

The aim of the present study was to investigate if
adult native listeners map phonetic information to
lexical representations differently in child speech and
in adult speech. In a cross-modal fragment priming
experiment, German listeners heard word onset
fragments as primes (e.g., Para- from Parasit) before
they had to decide if visually displayed target words
(e.g., Parodie) were existing words of German or not.
Prime and target words overlapped in onset but
mismatched in the vowel of the second syllable (e.g.,
/a:/ in Para- and /0:/ in Parodie). Primes were either
produced by a 7-year old child or by an adult speaker.
If speaker age influences phonetic-to-lexical
mapping, then the same mismatches in vowels were
predicted to result in different priming -effects,
depending on speaker age.

2. METHOD
2.1. Participants

Thirty-one native listeners of German (21 female), all
students at the University of Tiibingen and between
18 and 30 years old (mean age = 23.5, SD = 3.4),
participated in the experiment for monetary
compensation.



2.2. Material

Fifty-six German word pairs from [9] were used as
experimental items. The two words of a pair had the
same stress pattern and overlapped segmentally in
onset but mismatched in the vowel of the second
syllable (e.g., Parasit-Parodie, ‘parasite-parody).
Across word pairs, the mismatching vowels differed
in vowel height, backness, and roundedness, and
represented the majority of German monophthongs
[27]. A total of 16 different vowel mismatches were
included. The onset fragments of one word of a pair
(e.g., Para- from Parasit) always served as prime for
the other word (e.g., Parodie). Both words of a pair
functioned as fragment prime for the other word in
different experimental lists (e.g., Paro- also served as
prime for Parasit). Taking stress and vowel quality
into consideration, onset fragments were never
existing German words and only matched up with
their carrier word in German. Since asymmetries in
vowel perception (e.g., /0:/-/a:/ being less confusable
than /a:/-/0:/) have been shown to affect lexical
activation [e.g., 5, 6], direction of vowel mismatch
was coded in the present experiment. For confusable
mismatches, the mismatch might be opaque and not
preclude (pre-)activation of the target word, while for
dissimilar vowels the mismatch might preclude target
activation.

Eighty phonotactically legal nonword pairs were
selected as filler items. In 22 pairs the two onsets
overlapped but mismatched in the second vowel, in
22 pairs they were phonologically unrelated, and in
36 pairs they overlapped fully including the second
vowel. The onset fragment of one nonword of a pair
served as prime for the other nonword.

All words and nonwords were recorded by two
female native speakers of Standard German who are
currently living in Tiibingen: a 34-year old adult and
a 7-year old child. Recordings were made in a sound-
attenuated room with a high-quality microphone and
a sampling rate of 44 kHz. While the adult speaker
read from orthographic transcriptions, the child was
prompted with the adult recordings. Special care was
taken that all items were produced as intended. Onset
fragments were excised using Praat [3]. The durations
of the onset fragments were on average longer in the
child voice than in the adult voice (mean child voice
= 604 ms; mean adult voice = 555 ms; ¢t = -2.7, p <
0.008).

2.3. Procedure

The experiment was controlled with Presentation
(version 20.1, www.neurobs.com) and participants
were tested individually. In each trial, an onset
fragment was played as a prime over headphones, and
at its offset a string of letters appeared on the screen.
Participants had to indicate with a button press if the
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string of letters was an existing word of German or
not.

In the related condition, the target word was
preceded by the spoken onset fragment of its pair
member (e.g., prime Para- from Parasit, target
Parodie). Both pair members served as target and
prime in a Latin-Square design (e.g., prime Paro-
from Parodie, target Parasit). In the unrelated
condition, the target word was preceded by the
spoken onset fragment of a segmentally unrelated
word (e.g., prime Elo- from Eloquenz, ‘eloquence’,
target Parodie). All primes used in unrelated trials
also served as primes in the related condition (e.g.,
prime FElo-, target Flement, ‘clement’). Eight
experimental lists with the 56 experimental items and
the 80 filler items were created. Each experimental
item appeared once in each list, counterbalanced for
the role of target, the relatedness of the prime, and the
speaker of the prime. The order of item presentation
was pseudo-randomized. After the priming task was
completed, participants filled in a short language
background questionnaire.

3. RESULTS

Only trials with correct responses to target words
were analysed. Participants answered on average
84.4 % correctly when the primes had been produced
by the adult, and 84.0 % correctly when the primes
had been produced by the child. Thus, neither the task
nor the different speakers posed considerable
difficulties and performance did not differ for the two
speakers. Reaction times (RTs) faster than 250 ms
and slower than 1200 ms were excluded (0.1 % of the
data).

Figure 1: Mean RTs (in ms) following related and
unrelated primes, presented in adult and child voice.
The vertical bars represent standard errors.
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R [16] and Ime4 [2] were used to perform linear
mixed effects analyses on log-normalized RTs. The
full model included relatedness (related, unrelated)
and age of speaker voice (adult, child), as well as
direction of vowel mismatch, lexical frequency of the
target, and target word length as fixed factors.



Participants and items were included as random
factors with random slopes. A backward stepwise
selection was applied when no model improvement
was observed [1].

After stepwise selection, the final model showed a
facilitatory effect of relatedness (f =-4.98, SE =1.81,
t=-2.75, p <.007), faster RTs for primes for the child
speaker (f =-4.41, SE = 1.80, t = -2.44, p < .02), an
effect of lexical frequency (f =-2.50, SE =9.22, ¢t =
-2.27, p < .007), and marginally non-significant
interactions between direction and speaker age (f =
4.71, SE =2.54, t = 1.85, p < .07) between direction
and relatedness (f = 6.06, SE = 2.56, t = 2.36, p <
.02), and between speaker age, direction, and lexical
frequency (f =-0.04, SE=0.02, t=-1.78, p <.08) see
Figure 1).

The interactions called for further analyses. Visual
inspection suggested, that especially for the adult
speaker, vowel mismatches in prime-target pairs
often affected word recognition differently when the
role of prime and target was reversed. For example,
while Para- numerically facilitated recognition of
Parodie, Paro- did not facilitate recognition of
Parasit. 1t is well-attested that vowel discriminability
can depend on the direction in which vowels are
presented [e.g., 5, 17], and lexical activation has been
shown to be affected by these perceptual asymmetries
[e.g., 6, 10, 25].

The prime-target pairs in the present study
comprised 16 different vowel mismatches, and we
found in the literature no theoretically-driven
predictions about perceptual asymmetries for the
complete set of mismatches. However, the Natural
Referent Vowel (NRV) framework by Polka and
Bohn [14], suggests that there is a universal default
bias for the peripheral vowels /u:/, /i:/, and /a:/ which
is especially relevant during language development
[see also, 18]. While mature perceivers can adapt this
initial bias to optimize access to language-specific
vowel categories, a privileged fit of the peripheral
vowels with human auditory abilities, ensures that the
bias is also relevant for adult listeners and native
contrasts.

Using the NRV framework for exploratory
interpretation of the results, the German vowels /u:/,
/i:/, and /a:/ are anchor vowels in the present study,
and a change from an anchor vowel to a non-anchor
vowel should be harder to detect than a change in the
other direction. In other words, an anchor vowel in
the prime should make the vowel mismatch in the
target opaquer, while the vowel mismatch should be
more transparent when the anchor vowel occurs in the
target. In terms of phonetic-to-lexical mapping, the
prediction would be that vowel mismatches that are
opaque still prime target word recognition, while
vowel mismatches that are transparent do not.

In 41 of our 56 target-prime pairs an anchor vowel
was involved!, and for this subset of items the new
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fixed factor anchor coded if the anchor vowel
occurred in the prime or in the target. For the adult
speaker, an interaction was found between
relatedness and anchor (= 0.06, SE=0.03, = 2.14,
p <0.04), and further analyses showed a facilitatory
effect of relatedness when the anchor vowel was in
the prime (f = -0.07, SE = 0.02, ¢ = -3.25, p <.002),
and no effect when the anchor vowel was in the target
(#=-0.002, SE=0.02, t=-0.09, p > .9). For the child
speaker, only lexical frequency was significant (f =
-3.78, SE = 1.58, t = -2.39, p < .02); relatedness did
not interact with anchor (f = -3.82, SE = 3.04, ¢t =
-1.25, p > .2), and was neither significant when the
anchor vowel was in the prime (f =-0.03, SE = 0.02,
t =-1.49, p > .1) nor when it occurred in the target
(#=-0.005, SE=0.02, t=-0.25, p > .7; see Figure 2).

Note that when analyzing the subset of 41 target-
prime pairs for both speakers together, the new factor
anchor did interact significantly with relatedness
(8 =0.06, SE = 0.03, ¢ = 2.14, p < .04) but not with
speaker age (f = 0.03, SE = 0.03, t = 1.21, p > .2),
thus in fact not licensing the split for the two speakers.
For the complete set of 56 target-prime pairs,
interactions involving direction (rather than anchor),
speaker age, and relatedness did license a split, and
further analyses for both speakers showed the exact
same pattern of results as was found for the subset
with anchor-vowels. Since we found no literature on
German vowel confusions that would allow
theoretically-driven predictions for all 16 vowel
mismatches of the complete set, presenting results
based on just the target-prime pairs with anchor
vowels seemed appropriate. The pattern of results is
however backed up by the analysis of the complete
set of target-prime pairs.

Figure 2: Mean RTs (in ms) for the 41 target pairs
with the anchor vowels /u:/, /i:/, or /a:/, when the
anchor vowel occurred in the prime (Prime AV)
and when it occurred in the target (Target AV). The
vertical bars represent standard errors.
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The results for the adult voice are in line with the
predictions we derived from the NRV framework
[14]: when the vowel mismatch between prime and
target was opaque, the onset fragment of the prime
facilitated recognition of the target word (e.g., Para-



primed Parodie); when the vowel mismatch was
transparent, there was no priming (e.g., Paro- did not
prime Parasit). However, for the child voice, onset
fragments never primed target recognition. Possibly,
the vowel space of the child speaker was warped, and
vowel categories were not distributed as clearly as for
the adult speaker. Figure 3 shows averages for the
first two formants at the midpoint of the mismatching
vowel in the onset fragments (e.g., [a:] in Para- and
[0:] in Paro-), separately for the adult voice and the
child voice. For each voice, a total of 82 vowels were
measured (41 target-prime pairs X 2 members of each
pair). Note, that the number of measurements for each
vowel varies considerably, since vowel type was not
controlled in the experiment (e.g., 25 vowels [a:] for
each speaker and only 3 vowels [2]). As can be
expected, the formant values for the child voice were
higher, but the overall patterning of vowels in the
vowel space seems quite comparable across speakers,
certainly with respect to the anchor vowels /u:/, /i:/,
and /a:/ [see also, 11]. Also note, that overall
recognition rates were equally accurate for the two
speakers. An alternative explanation for the different
patterns is based on listeners’ previous experience
with the linguistic competence of adult and child
speakers. Young children are known to deviate
regularly from target norms in their pronunciation
[21], and listeners could take this experience into
consideration and hesitate to rely on, for example,
vowel information in their interpretation.

Figure 3: Average mid-vowel F1/F2 values (Bark)
for all vowels in the subset of 41 target-word pairs
with anchor vowels, by the adult speaker and by the
child speaker.
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4. CONCLUSIONS

In a cross-modal priming experiment, we investigated
the influence of age of the speaker on phonetic-to-
lexical mapping. In a first analysis, no interaction
between facilitation for related primes and age of the
speaker was observed. However, marginally non-
significant interactions involving age of the speaker,
relatedness of the prime, and direction of the vowel
mismatch warranted further exploratory analyses.
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The NRV framework [14] was used to motivate post-
hoc predictions for the directionality of vowel
mismatches in subsequent exploratory analyses
(accounting for a subset of 72.3 % of the items).
When taking directionality into account according to
the NRV framework, different priming patterns for
the adult voice and the child voice were found. For
the adult voice, onset fragments that mismatched in
the vowel primed target word recognition when the
anchor vowels /u:/, /i:/, or /a:/ occurred in the onset
fragments (e.g., Para- primed Parodie) but not when
they occurred in the target (e.g., Paro- did not prime
Parasit). No priming was found for the child voice,
neither when the anchor vowels occurred in the
fragment primes nor when they occurred in the target.

A comparison of the F1 and F2 values of the
vowels produced by the two speakers, made it
unlikely that the influence of speaker age was due to
less accurate productions of the child speaker. It
rather seems likely that the phonetic-to-lexical
mapping itself was sensitive to the age of speaker.
One plausible reason for this could be previous
experience with children’s speech that often deviates
from canonical pronunciations. This experience could
set expectations and influence the comprehension
process whenever we encounter a (new) child
speaker.

The consequence of experience was such that
onset fragments with vowel mismatches of the child
speaker never facilitated target word recognition.
Thus, vowel information in the child voice was never
deemed a reliable indicator for the lexical mapping
process. Just as well, it could have been that
experience leads to all vowel mismatches being
accepted as matches for the lexical mapping. In
research on foreign-accented speech, previous
experience has indeed been found to make deviations
in pronunciation acceptable matches for canonical
pronunciations [e.g., 8, 23, 29]. Note however that in
most of these studies, experience with specific
accents and/or single accent markers have been
tested, whereas in the present study the vowel
mismatches comprised a whole range of contrasts.
Also, it is possible that children vary more between
and within speakers in pronunciation than speakers of
a specific foreign accent tend to do. Thus, it might be
much harder to adapt to anything specific in
children’s mispronunciations.

In conclusion, we present some evidence for the
phonetic-to-lexical mapping process being possibly
sensitive to the age of the speaker. To our knowledge,
this is the first time that such an influence has been
shown exploratorily for child speech, and we
interpreted it as an effect of previous experience with
the linguistic competence of child and adult speakers.
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