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ABSTRACT 
 
Previous research on perceptual adaptation in vowels 
has attested generalization of retuning across vowel-
height counterparts. Our study tested for a lab-
induced chain shift. In a lexical decision task, we 
exposed U.S. English participants to words with 
either raised or lowered tokens of /i/, along with 
unmanipulated back vowels but no other front 
vowels. In subsequent categorization of the members 
of a [i]~[ɪ]~[ɛ] continuum, we found a difference 
between the raised- and lowered-/i/ participants in the 
location of the /i/-/ɪ/ boundary (replicating perceptual 
adaptation in vowels) as well as the /ɪ/-/ɛ/ boundary. 
Thus, the exposure-induced shift of /i/-/ɪ/ triggered a 
similar shift for the unexposed /ɪ/-/ɛ/ contrast, 
pointing to adaptation at the level of the vocalic 
system rather than the level of perceptual cues or low-
level auditory compensation. 
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1. INTRODUCTION 

Languages tend to converge on vocalic and 
consonantal systems with optimal (articulatory and/or 
perceptual) distance between categories. Theoretical 
accounts of this phenomenon include the Dispersion 
Theory [1, 2], Dispersion-Focalization Theory [3], 
Self-Organizing Systems Theory [4], or evolutionary 
phonological accounts [5, 6]. One diachronic process 
purportedly motivated by the pressure for distance 
optimization is the chain shift, where an imbalance in 
perceptual/articulatory space created by an initial 
shift of one sound category is rectified by subsequent, 
cascading adjustments of other sounds throughout the 
system. Amongst the well-known examples of 
historical chain shifts, where the contrasts between 
categories may have remained while the members of 
these contrasts changed, are the Great Vowel Shift 
affecting Middle English, the Cockney Vowel Shift, 
Grimm’s Law, and the Romance intervocalic lenition. 
Many diachronic chain shifts are also now underway, 
including Californian /ɪ/, /ɛ/, /æ/ lowering [7, 8]. 

Explanations like Dispersion Theory, which 
appeal to the notion of perceptual space, in essence 

constitute hypotheses about individuals (since 
perception is an aspect of human cognition). It 
therefore follows that, if perceptual space prefers 
optimal distance between elements, we should be able 
to observe this preference in a controlled laboratory 
setting. Our study tests this prediction using the 
paradigm of immediate perceptual adaptation to non-
canonical speech-sound realizations. Listeners 
routinely face the challenge of adapting to high 
phonetic variability in natural speech input. Past 
research has demonstrated that listeners retune their 
speech sound categories when exposed to shifted 
sound tokens in the lab. In a seminal paper, Norris et 
al. [9] showed that a sound halfway between [f] and 
[s] was perceived as /f/ or as /s/ depending on lexical 
context in Dutch, and that this category adaptation 
persisted in subsequent perception. Apart from lexical 
cues, adaptation has been shown to also be guided by 
visual cues [10], or even simply by the distribution of 
phonetic properties in the input [11, 12]. Most 
previous research focused on the recalibration of Cs 
(see e.g. the review in [13]) and studies on Vs have, 
until recently, been scarce [11, 12, 14, 15, 16]. 

Interestingly, perceptual adaptation can generalize 
to other categories within the system. For instance, 
Kraljic & Samuel [17] revealed that exposure to 
shifted VOT in English [d]-[t] led to shifted 
categorization of /d/-/t/ and also /b/-/p/. Chládková et 
al. [11] found that exposure to shifted Greek [i]-[e] 
resulted in adjusted categorization of /i/-/e/ and also 
/u/-/o/ (Greek has a symmetrical 5-vowel system). 
This indicates that category recalibration is distinct 
from the lower-level auditory compensation attested 
e.g. by Ladefoged & Broadbent’s study [18] showing 
that the same [bVt] word was more likely perceived 
as /bεt/ than /bɪt/ when it followed a synthetic carrier 
phrase with a lowered F1 making the F1 of [bVt] 
seem relatively higher, i.e. more appropriate for /ε/ 
than /ɪ/. This was replicated with natural speech [19], 
but also reversed speech [20, 21] and spectrally 
rotated speech analogs [22] as precursors. 

Aiming at category recalibration rather than 
auditory compensation, this study (using a lexical 
decision task) exposed U.S. English listeners to words 
with the full high-to-low range of back Vs, but no 
front Vs except for /i/, whose tokens were lowered for 
one group of listeners and raised for another. Then, a 
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V categorization task tested for a potential difference 
between the groups in the location of the boundary 
between /i/ and /ɪ/ as well as the boundary between /ɪ/ 
and /ɛ/ (both latter absent from exposure). We asked 
whether a retuning of /i/~/ɪ/ would trigger a chain-
shift reaction, namely adapted perception of /ɪ/~/ɛ/. 

2. METHODOLOGY 

2.1. Stimuli 

All stimuli were based on sound-booth recordings of 
a male U.S. English speaker from Portland, OR. The 
initial phase, a lexical decision (LD) task, consisted 
of 208 exposure trials. These included 3× repetitions 
of 30 target items (English /i/-words, /i/ between 
obstruents, no other front Vs, none forming minimal 
pairs with /ɪ/-words, e.g. cheese, fever, seafood), 
1×30 English word fillers (no front Vs, e.g. assault, 
carbon, snuggle), and 2×44 phonotactically plausible 
non-word fillers (no front Vs, dissimilar to words 
with front Vs, e.g. [ˈkupəɹə], [dəˈtɑɹ], [pʌlˈpun]). 
 

 
 

Figure 1: An F1 by F2 plot of all the Vs in the 
exposure words apart from /i/. U.S. English male 
means from [23] given for reference (in larger font). 

 

 
  

Figure 2: An F1 by F2 plot of all the /i/s in the 
exposure words, either lowered [i̞] (magenta) or 
raised [i̝] (cyan) artificially. The line of ‘+’ symbols 
represents the 85-member [i]~[ɪ]~[ɛ] continuum 
used in the categorization task. U.S. English male 
means from [23] given for reference (in larger font). 

Fig. 1 displays the F1 and F2 values of all the Vs 
contained in the exposure stimuli except for /i/, 
covering the full high-to-low range. Two 
resynthesized copies of each /i/-word were prepared, 
one with lowered [i̞] and the other with raised [i̝]. The 
resynthesis involved shifting the F1, F2, and F3 in 
Praat [24], using the method described in [11]. Table 
1 gives the mean formant values of the original [i]s 
(not used in exposure) and the magnitude of each 
shift. The lowering was such that the resulting [i̞]s 
were between our speaker’s prototypical /i/ and /ɪ/ but 
still more peripheral than /ɪ/ (see Fig. 2), and the 
raising ensured that the more extreme [i̝]s were 
without artifacts and still sounded natural. The shifted 
[i] tokens are shown in Fig. 2. 
 

values in ERB F1 F2 F3 
Original [i] means 7.06 22.42 24.08 
Lowering shift +1.15 -1.11 -0.91 
Raising shift -0.575 +0.557 +0.455 

  
Table 1: Mean F1, F2 and F3 frequencies of the [i] 
tokens before manipulation and the shift size for 
each direction and formant. 

  
The stimuli for the post-exposure categorization 

task were 85 unique, isolated vowels forming a finely 
sampled [i]~[ɪ]~[ɛ] continuum, produced by 
resynthesizing (the same method as /i/ shifting) a 
single token of our speaker’s naturally-produced [ɛ] 
(265 ms in duration). The qualities ranged between 
the [ɛ] endpoint with F1 = 11.22, F2 = 20.08 and F3 
= 23.65 ERB, and the [i] extreme with F1 = 6.79, F2 
= 22.9, and F3 = 25.46 ERB, with near-perfect 
interpolation for the steps in between. The test 
continuum is shown in Fig. 2. 

2.2. Procedure 

The whole experiment was implemented as a Praat 
Demo window script [24] and run on a computer with 
a headset in a quiet environment. Participants first 
completed the LD task, i.e. the exposure phase. On 
each of the 208 trials, they heard one of the LD stimuli 
(in random order) and decided whether it was an 
existing English word by clicking on either a button 
labeled ‘word’ or one labeled ‘not a word’ (button 
position random). They were offered a short break 
after every 52 trials. 

After the exposure task and a short silent break, 
they completed a 3-alternative forced-choice 
categorization test. On each of the 85 trials, they 
heard a stimulus (random order) and identified the 
vowel by clicking on one of 3 buttons marked ‘[i] 
beef, see’, ‘[ɪ] kiss, kid’, and ‘[ɛ] fresh, egg’ (button 
order random). They took a short break halfway 
through. 
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