The Development of Phoneme

Development of gradiency in phoneme categorization:

Implications from the first year of the Growing Words Project

Alex Fell, Ethan Kutlu, Keith Apfelbaum, Bob McMurray and the Growing Words Team
The University of Iowa

Assessing Speech Categorization Continuously

the line to mark how closely the token matched either endpoint . . . . . 105 +
. . . . . Performance on this task can be described in three dimensions: slope, asymptote, and v
4. Participants heard each token in each continuum four times across two sessions el . : , : : S
variability in response. An analysis that incorporates all three provides more fine-grained % 100 I I
information about development o
o = 95
Slopes on forced choice tasks may not z

give the whole picture

What might cause differences in slope?

o @

Results

Observable development of phoneme categorization across

showing us

Response variability

Response

Response variability

variability

Response patterns vary by individual as illustrated at
left
e Identical slope and asymptotes imply the same
pattern of responses when viewed on their own
e When we zoom in on actual response patterns we
can see they are very different
To examine this variability between subjects, we have
used latent profile analysis to look for groupings
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o o e We need a measure that can retain the benefits of a forced choice task with responses to COntlnua o , ,
o , , , Within each grade level are different response patterns we can pull apart and examine
d egorlza 1011 stimuli across continua, but allows us to assess continuous encoding
e Visual Analogue Scale (VAS) tasks have been used in this way (Miller, 1997; Massaro & 100 - X " ! 2 3
i esponses by continuum
| Cohen, 1983) P Y
e Speech perception was thought to be done . . . . 9 r
L e Recent work with VAS tasks have adapted this method in phonetically relevant ways: we 80 |
developing in infancy _ _
y (Werker & Curtain, 2005) adapted a VAS touchscreen tablet task designed by Kapnoula et. al (2017) to be used with 20 | 1500
2 ) e Recent research shows speech kids 60 L beachpeach
% categorization abilities are developing well 50 | e dimetime
P
=0y into adolescence O V A S T k 40 —hathot E o Profiles
E (McMurray et. al, 2018) ur aS 30 L netnut % 1000 - .. ° 1
< — o o0
5 e Robust speech categorization requires 20 hivsio é > e . %
£ 0s 12y multiple components: accurately encoding Five minimal-pairs were used to create seven-step continua: o ces . .:? ..
- 17 . . g °. ®e i
17-18 yo. phonetic cues, mapping them to | 0 . . . o0 o3 . e o
L S o categories, responding in the task Minimal Pairs: beach 41} . ’ ’ S?ep ° ° ! s " g o %° .?-’c.‘ o °* % i-ts..
3 - - 3 o ©® o o ®0 09° °
¢ What components changed during the . '\ o o'Fc . ’:.: LS S o% ,x
. [ ] Y ([ ] DY °e ‘. o%
SChOOl years? StOp VOlClng 100 - R b . — i a e o ° . ° o ©°
beach -- peach 0 €SpOnSes by contnttim for 2st grade 100 - Responses by continuum for 3rd grade o s -
Q—~ai—-=mn dime -- time | 90 0 30 60 90 0 30 60 9 0 30 60 90
: 80 80 Slope
e Typical approaches of measurement have 2 Fricative 70 | o
assumed speech categorization is 5 ship -- sip 60 | beachpeach 50 beachpeach 1.Gradient
discrete/categorical g .l ——dimetime 50 ——dimetime 2. Categorical
: 2 40 T hathot 0 —_— 3.Messy perceptual encodin
e Most school-age work has used a task in g Votwels t o | Y :O ha:hoz Y PEEEPH S
net -- nu u netnu
which kids hear tokens from a continuum — lVOTl hat - hot 20 | ——shipsip 20 ——sipship
and categorize them 10 ¢ 10
e Slope of the function becomes the index of ° & - . . . . . . . . = . ' Does VAS relate tO
1 1 o) Step f * Step g ® °
robust categorization ¥ | | - x standardized reading measures™?
* Steep slopes have been considered to 5 1. Sample: 242 children; 68 1st grade, 88 2nd grade, and 86 3rd grade * Lowerasymptotes imply less * Higher asymptotes imply higher
illustrate better perceptual encoding p 2.Minimal Pairs were presented as pictures with a line between them on a touch screen precise categorization of Categon.zatlon of endpomts. Average reading scores by profile
- = ' endpoints e Interesting patterns emerging for what
e Shallow slopes have been considered to 5 tablet True for all ooriration devel ot mlm2 3
C el : = e True for all categories, not just categorization development mig c
Ay
reflect deficits in perceptual encoding 3. Participants heard a sound token from along a continuum, then touched a point on vowels 110 ¢

85
1 2 3

Grade Level
e (radiency profiles appear to relate to reading skills in preliminary analyses; further
exploration will be needed
e Within each grade level, standardized reading scores appear to be lower for the
group that seems to have 'messier' encoding of speech categories
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