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Social and personality variables in 
compensation for altered auditory feedback*

Svetlin Dimov, Shira Katseff and Keith Johnson
Department of Linguistics, University of California, Berkeley

This paper documents that variation in one’s personal sense of empowerment 
is related to one’s phonetic response to altered auditory feedback. We see this as 
related to the actuation of sound change, identifying a personal characteristic of 
individuals who are likely to introduce a change variant. Many speakers react to 
gradual alteration of auditory feedback by compensating for the manipulation – 
for example, by raising the frequency of a vowel’s F2 as it is reduced in auditory 
feedback. However, prior research has found that there is substantial individual 
variability in the degree of compensation. To test our hypothesis that this 
variability may be linked to social or personality factors, we investigated the 
relationship between participants’ responses to altered auditory feedback and 
their answers on questionnaires measuring a number of personality variables. 
A significant negative correlation was discovered: the more empowered subjects 
felt, the less they compensated. 

1. Introduction

Theories of sound change implicate a number of social factors, such as prestige, 
social hierarchy, social identity, and interconnectedness, in the spread of a sound 
change through a community and in contact across communities (Labov 1994). 
And research on the phonetics of sound change has identified several factors 
(such as gestural overlap and blending, as well as speech production and percep-
tion errors) that bias linguistic systems toward particular types of changes (Garrett 
& Johnson to appear). 

* The authors would like to thank Larry Hyman, Molly Babel, Rudy Mendoza-Denton, 
Andrew Garrett, Kiyoko Yoneyama, Ronald Sprouse, and Yumi Kitamura for their feedback and 
support. This paper is a revised version of the first author’s UC Berkeley undergraduate honor’s 
thesis in Linguistics.
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What is missing is the link between the phonetic forces that are constantly 
producing a pool of phonetic variation, and the social forces that guide the incor-
poration of new sound patterns into a community’s speech norms. For Weinreich 
et al. (1968), the problem of identifying the phonetic and social factors of sound 
change is a “constraints” problem, and the issue that we are identifying here as a 
sort of missing link between phonetics and sound change, Weinreich et al. called 
the actuation problem. In brief, the actuation problem is the problem of determin-
ing why a sound change takes place in one language but not in another. Our study 
of compensation for altered auditory feedback suggests that actuation is tied to 
social psychological properties of individual speakers (see also Yu 2010). Speakers 
with personalities that dispose them to adopt variant forms in their own speech 
are more likely to actuate sound change. 

Our research aims to contribute both to a better understanding of sound 
change and sociophonetic variation, and of speech motor control. We start with a 
brief discussion of the motor control literature and then turn to a discussion of 
sound change.

1.1 Motor control

In addition to high level phonological categories, successful speech also requires 
low level motor speech targets. It is by reference to these targets that we are able to 
carry on speaking while chewing on a pencil or wearing a dental appliance. If the 
speech motor control system detects that feedback from either the auditory or 
somatosensory systems are not on-target, it directs a corrective, compensatory 
change in articulation. Speakers have been shown to respond to experimentally-
altered somatosensory feedback (e.g. Tremblay et al. 2003), as well as auditory 
feedback (e.g. Houde & Jordan 1998, 2002; Purcell & Munhall 2006; Villacorta 
et al. 2007; Katseff et al. 2011). 

The present study focuses on the variability in responses to altered auditory 
feedback. Although most speakers compensate for altered auditory feedback by 
changing their articulation, many of the studies cited above report that a substan-
tial minority of speakers behave unpredictably by wandering around their base-
line, not compensating at all, or even following the manipulation. Some of this 
variation is linked to speakers’ phonological spaces (Katseff 2010) or lexicons 
(Frank 2010); some may be due to perceptual changes that occur as a result of the 
feedback manipulation (Shiller et al. 2009). However, the source of variability re-
mains largely unexplained. Several hypotheses on why a person might not com-
pensate for altered auditory feedback are listed in Table 1.
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Table 1. Proposed explanations for why some speakers do not compensate for altered 
auditory feedback

Conscious resistance: It is possible that some speakers notice the feedback alteration and con-
sciously ignore it (Houde & Jordan 2002).

Unreliable feedback: The fidelity of the re-synthesized signal may not have been good enough 
for some subjects, so they ignored it (Houde & Jordan 2002).
Compensation proclivity: Participants have “natural tendencies” to rely on auditory feedback to 
various degrees (Houde & Jordan 2002).
Perceptual adaptation: Poor compensators exhibit selective adaptation to speech perception 
(Houde & Jordan 2002)
Relative weight of feedback type: Individual differences in compensation may be due to selec-
tive weighting of the two types of feedback. The poor compensator’s increased reliance on soma-
tosensory feedback may reduce the influence of auditory feedback (Purcell & Munhall 2006).
Auditory Acuity: Individual auditory acuity is significantly positively correlated with amount of 
compensation, with less acute speakers compensating less for altered auditory feedback (Villa-
corta et al. 2007). 
Linguistic factors: Individual differences in the speaker’s phonetic vowel space, or in the degree 
of vowel space crowding induced by the altered feedback (Katseff et al. 2010).

It is likely that several of these factors may be simultaneously involved in deter-
mining the speaker’s response to altered auditory feedback. Two of the factors in 
Table 1, compensation proclivity and linguistic factors, are of particular relevance 
for the study that we report here. First, we seek to test Houde & Jordan’s (2002) 
suggestion that individuals may simply have different proclivities for compensa-
tion by measuring personality factors that may be related to these natural tenden-
cies. Second, Katseff et al.’s (2010) investigation of the influence of linguistic factors 
on compensation for California English vowels provided a starting point for our 
study. The idea here is that the amount of compensation may be a function of the 
size of a particular vowel’s range of formant variation. 

1.2 Sound change

The absence of a conclusive phonetic explanation for the individual variation in 
compensation response presents an opportunity to research this phenomenon 
taking a sociophonetic approach. There seem to be two competing alternatives for 
speakers to choose from: to attend to external feedback (how the speech sounds to 
others) versus internal feedback (how their speech feels to themselves). We hy-
pothesize that the unexplained variability in compensatory behavior may be due 
to independent variables related to social or personality factors that independent-
ly affect the speaker’s attention to external feedback. Our argument in this paper is 
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that individual differences in response to altered auditory feedback are related to 
speaker’s proclivity to notice and respond to phonetic variation in general. This 
has potentially important implications for a listener-based model of sound change 
such as the one proposed by Ohala (1993). It is widely known that phonetic factors 
such as gestural overlap, aerodynamic interactions, and simple misperceptions 
create a pool of phonetic variation that can be noticed by listeners and incorpo-
rated into their subsequent speech plans (Ohala 1981, 1983, 1989, 1993; Blevins 
2004, 2006; Blevins & Garrett 2004; Janda & Joseph 2003). The problem in sound 
change theory has been to specify when phonetic variation will lead to sound 
change and when it will not – the actuation problem. Our study seeks to identify 
social or personality based traits that might affect sensitivity to phonetic variation, 
and thus, inhibit or facilitate actuation of sound change. 

1.3 The present study

Katseff et al. (2011) suggest that compensation for altered auditory feedback is 
largely unrestrained by somatosensory feedback as long as the compensation re-
sponse does not result in a production that is outside of the bounds of normal 
variation for the vowel. This was confirmed by Katseff et al.’s study with /u/, /ε/, 
and /¤/ vowels (2010). They concluded that the compensation response for /u/ was 
larger than for the other vowels in the study because the range of acoustic vari-
ability for /u/ was larger than it was for the other vowels. The pronunciation of /u/ 
is also somewhat dialectally marked in California English (see Hagiwara 1995). 
These findings make /u/ a good test vowel for investigating social and personality 
variables in the altered auditory feedback paradigm. In the absence of restraint 
from somatosensory feedback, with a socially marked speech sound, social and 
personality factors may have heightened impact on compensation.

In the present experiment, we shifted the second formant (F2) of /u/ down by 
300Hz in real-time as the person was speaking. This, in effect makes the speaker’s 
/u/ vowel sound significantly more back than it would without the feedback al-
teration. We hypothesized that California speakers would interpret this backed /u/ 
in terms of dialect variation, so when we altered their /u/ F2 by shifting it to a 
lower frequency, this might induce a sense of drifting away from the usual 
“Californian” norm for this vowel. We hypothesize that those subjects who place a 
higher value and emotional significance on California group membership will com-
pensate more for the F2 shift. The more they consider themselves to be Californian 
and implicitly want to be perceived as such, the more they will compensate by op-
posing the F2 manipulation.

The following paragraphs discuss a number of other social and personality 
factors that may play a role in determining the magnitude of a speaker’s 
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compensation for altered auditory feedback, and thus by hypothesis, also play a 
role in the actuation of sound change. In our experiment, we measured each of 
these and tested each for a relationship with compensation for altered auditory 
feedback. We will discuss each factor in turn, including a discussion of the hypoth-
esis our experiment is designed to test. In the Methods section we describe the 
instruments that we used to measure these factors.

Autism is a developmental disorder marked by repetitive behaviors such as 
compulsions or repetitive movements; marked difficulties with speech and com-
munication; and several social impairments (Myers and Johnson 2007). Because 
individuals vary in the degree to which they exhibit each of these behaviors, it is 
possible to place any particular person on a “spectrum from autism to normality” 
(Baron-Cohen et al. 2001); individuals who would not be classified as autistic can 
have autistic traits.

Yu (2010) has recently suggested that autistic traits may play a role in sound 
change driven by misperception (Ohala 1993). Because people with autistic traits 
have superior perceptual abilities for low level (simple) visual and auditory identi-
fication, but do not perform as well on complex perceptual tasks (Mottron et al. 
2006), Yu hypothesized that individuals with less autistic traits have an inherent 
perceptual disadvantage and thus, would be more inclined to systematically initi-
ate sound change. When his participants were given a standardized Autistic- 
Spectrum Quotient (AQ) (Baron-Cohen et al. 2001) and a test of perceptual 
correction, Yu found that the participants with more autistic traits were indeed 
more likely to perceptually compensate for phonetic coarticulation. We hypothe-
size that the more detail-oriented perceptual processing associated with higher 
AQ scores (Samson et al. 2006) might result in greater sensitivity to auditory feed-
back alteration for high AQ participants in our study. Paying more attention to 
auditory feedback may result in greater compensation to feedback alteration. 

We also measured the subjects’ tendency for self-monitoring (Snyder 1974). 
Those driven by a greater need for social approval look to the expression and self-
presentation of others to determine how they should act themselves, and are there-
fore unusually sensitive both to their own behavior and to the behavior of others. 
Those with less need for social approval care less about the situational appropriate-
ness of their conduct; hence, they focus less on other people’s conduct and accord-
ingly, are less likely to monitor and control the appropriateness of their demeanor 
in different social situations. We hypothesize that people who score low on self-
monitoring might be less attentive to their auditory feedback, and thus, compensate 
less in the altered auditory feedback paradigm, while those with high self-monitor-
ing scores will be more sensitive to their auditory feedback, and compensate more.

The next factor we investigated is impulsivity, a personality trait with three 
components (Patton et al. 1995): (1) Motor impulsivity, “acting without thinking”, 
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also referred to as Response Inhibition Deficit (Chamberlain & Sahakian 2007), 
(2) Attentional impulsivity, “making quick cognitive decisions and inability to fo-
cus attention or concentrate”, (3) Nonplanning impulsivity, defined as “lack of 
planning”. We hypothesize that high impulsivity might enhance compensation, in 
much the same way that lack of somatosensory feedback (when articulators are 
anesthetized, Larson et al. 2008) results in greater compensation for altered audi-
tory feedback. 

Finally, we studied the effect of one’s sense of personal empowerment on com-
pensation. Though traditionally, power has been defined through an individual’s 
acts of coercion or control, more recent definitions of power instead focus on an 
individual’s capacity to wield control (Keltner et al. 2003). Galinsky et al. (2006) 
found that high-power subjects exhibit reduced empathy and ability to take other 
people’s perspectives. They rely more on their intrapsychic cognitive processes 
rather than on situational and interpersonal ones, and thus, are generally less sen-
sitive to external influence (Galinsky et al. 2008). We hypothesized that individu-
als characterized by a high sense of empowerment might be relatively insensitive 
to external phonetic feedback (i.e. how they or others sound), and thus, compen-
sate less for altered auditory feedback. The questionnaire that we used measures a 
subject’s power along the modern scale of capacity. If people with less power, by 
definition, have less control over their and others’ outcomes, and their fates are 
more dependent on situational circumstances (Magee et al. 2005), then they would 
“typically seek the most diagnostic information” and pay more attention to situa-
tional cues and context (Fiske & Dépret 1996). People with more power show less 
behavioral self-awareness (Ward & Keltner 1998) and may similarly pay less atten-
tion to their auditory feedback. 

We also measured five personality traits (Saucier 1994): Extroversion, Agree-
ableness, Conscientiousness, Emotional Stability, Intellect or Openness. We did not 
have specific hypotheses relating these traits to phonetic compensation, but 
thought that these measures might aid in the interpretation of our results.

2. Methods

2.1 Subjects

Forty-nine male college students between the ages of 18 and 25 participated in this 
study. The study was limited to men because our formant re-synthesis algorithm is 
more stable with male voices. All subjects were native speakers of English, raised 
in California. Five were bilingual and 11 were fluent in a second language. None of 
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them reported having any hearing, speech, or language disorders. They were com-
pensated $10 and the experiment took about 50 minutes.

2.2 Materials and procedure

This experiment had two parts. First, subjects completed an altered auditory feed-
back experiment, then they filled out a set of social and personality questionnaires.

The speech task consisted of two subparts: “Vowel Inventory” and “Formant 
Shift”. The experiment utilizes a variant of the technology used in Katseff et al. 
(2011) where further details are available. Participants were seated in a soundproof 
booth and wore an AKG HSC-271 Professional headset. Their speech was routed 
from the headset microphone through a Delta 44 sound card. All tokens from 
both the “Vowel Inventory” and “Formant Shift” subparts were analyzed and re-
synthesized in real time. Re-synthesized speech was played through the headset’s 
headphones in place of normal auditory feedback.

During the Vowel Inventory subtask, participants were recorded reading the 
following words, which were displayed in random order on a computer monitor: 
hid, head, had, odd, awed, hode, hood, who’d, bood, poog, rude, dude. Each word 
appeared in the vowel inventory portion of the experiment between 12 and 
13 times for each subject. The words were presented in English orthography. 

Feedback Alteration Device
(FAD)

Resynthesis

Analysis

Formant shift

Figure 1. Schematic of Experimental Setup. Speech from the microphone is routed 
through a computer, where it is analyzed, re-synthesized, and played through the 
earphones
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The pronunciation of the nonwords bood and poog was elicited from the partici-
pants before beginning the recording session to make sure they were pronouncing 
them using the vowel /u/. When subjects deviated from the targeted pronuncia-
tion they were instructed to read the two nonwords like the words “who’d” and 
“dude”. Words with the vowel /u/ were selected on the basis of pilot work showing 
that they represented a broad range of phonetic variation in F2. Each word had 
equal probability of selection. A total of 165 words were displayed in sets of 15 tri-
als; subjects could take breaks in between sets for as long as they wished. During 
this subtask, vowels were re-synthesized but not altered.

The Formant Shift subtask consisted of 210 trials with two nonword stimuli: 
“bood” and “poog”, also displayed in random order in sets of 15 trials. Initial bila-
bial plosives were chosen on the basis of pilot work showing that this environment 
results in an F2 that falls in the middle of subjects’ /u/ ranges. As a result, partici-
pants were able to compensate for altered feedback by fronting their /u/ without 
leaving their /u/ vowel regions. 

The second formant in the stimulus words was altered in real time using a 
feedback alteration device (Katseff et al. 2011). The system works in three stages, 
as shown in Figure 1. In the first stage, custom software finds the pitch, formants, 
and spectral envelope of a short section of incoming speech. In the second stage, 
the formants are shifted – in the present experiment the F2 frequency was altered. 
In the third stage, the small section of sound is re-synthesized and played through 
the headphones. The entire process occurs within 12 ms. For more information on 
the analysis-resynthesis method, see Katseff (2010). Exit interviews at the end of 
the study confirmed that none of the subjects noticed either a delay in their feed-
back or a change in vowel quality.

The second formant was shifted in four consecutive phases as shown in Table 2. 
During the first, “Baseline” phase (30 trials), speech was re-synthesized but for-
mant were not altered. During the second, “F2 Shift Ramp” phase, F2 was gradu-
ally reduced by 5Hz per trial until the shift reached -300Hz. During the third, 
“Maximum Shift” phase (100 trials), feedback continued to be shifted by -300Hz. 
During the fourth, “End” stage, feedback was again re-synthesized but not altered. 

Table 2. The sequence of events in the Formant Shift portion of the experiment

Phase # of Trials F2 Shift

1. Baseline  30 0Hz
2. F2 Shift Ramp  60 From 0Hz to -300Hz
3. Maximum Shift 100 -300Hz
4. End  20 0Hz
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The duration of the entire altered auditory feedback portion of the experiment was 
approximately 20 minutes.

After the altered feedback task, subjects were asked to complete a set of ques-
tionnaires. They were given the questionnaires one by one in the following order:

1. Attitude/Self-identification with California (attached in Appendix 1). A 
20-item self-report questionnaire designed to quantify subjects’ self-identifi-
cation and attitude towards their native state of California. The test format 
represents a 7-level Likert scale questionnaire (from strongly disagree to 
strongly agree) where subjects must indicate their level of agreement to state-
ments like “I consider myself to be a Californian”. Scoring 0% indicates total 
lack of self-identification and negative attitude towards California. In contrast, 
scoring 100% means that subjects absolutely consider themselves to be 
Californian and like various aspects of being Californian. 

2. Autism-Spectrum Quotient (AQ) (Baron-Cohen et al. 2001). A 50-item self-
report questionnaire designed to place people on an autism continuum. The 
test format is a 4-level Likert scale where subjects express their agreement or 
disagreement with statements like “I usually concentrate more on the whole 
picture, rather than the small details”.

3. Self-Monitoring. A 25-item self-administered questionnaire designed to 
measure to what degree people look to the expression and self-presentation of 
others to determine how they should act themselves (Snyder 1974). Subjects 
indicate whether statements like “When I am uncertain how to act in a social 
situation, I look to the behavior of others for cues” are true or false for them.

4. Impulsivity (Patton et al. 1995). A 30-item self-report questionnaire divided 
into 3 subcomponents (attentional, nonplanning, and motor) that capture and 
quantify the “multi-factorial nature” of impulsivity (Patton et al. 1995). These 
three subcomponents are candidate predictors in the stepwise regression 
model described later in the Data Analysis section. A combined measure of 
impulsivity was also included as a candidate predictor. This test utilizes a 
4-level Likert scale that allows subjects to express how frequently they think or 
act according to statements like “I am self controlled”.

5. Empowerment Scale (Rogers et al. 1997). The established procedure to inves-
tigate the psychology of power is to prime participants with power. However, 
the exploratory nature of the current study aimed at avoiding any priming in 
order to be able to test for multiple variables. To obtain a measure of power, a 
28-item self-report questionnaire originally designed to measure empower-
ment among users of mental health services was chosen (see Appendix 2). The 
4-level Likert scale consists of five subcomponents used as predictors: power/
powerlessness, optimism and control over the future, self-esteem, community 
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activism and autonomy, and righteous anger. Subjects agree or disagree with 
statements like “I can pretty much determine what will happen in my life”.

6. Big Five Mini-Markers (Saucier 1994). The Big Five Personality test is among 
the most popular tests in psychology. It broadly categorizes human personality 
into five traits used as predictors: Extroversion, Agreeableness, Conscientious-
ness, Emotional Stability, Intellect or Openness. The “Big Five” is a self- report 
test utilizing a 9-point Likert scale where subjects are given 40 adjectives to 
describe themselves. 

7. Language Background. A questionnaire collecting information about subjects’ 
foreign language knowledge, dialect of English, residential history, age, race, 
education, and parents’ professions.

On average, subjects took less than 30 minutes to fill in the questionnaires. The 
whole study lasted approximately 50 minutes. 

2.3 Data analysis

Due to technical difficulties, audio recordings from 3 of the 49 subjects were unus-
able. Audio recordings and questionnaires from the remaining 46 subjects were 
investigated using the following analysis. Formants from the temporal midpoints 
of vowels from all test words (hid, head, had, odd, awed, hode, hood, who’d, bood, 
poog, rude, dude) were measured in an automated script using conventional LPC 
analysis, and visually verified in spectrograms using PRAAT (Boersma & Weenink 
2010). One /u/ baseline F2 measurement was taken from the mean F2 of the first 
30 trials in the “Formant Shift” portion of the experiment, and a second baseline 
was taken from the mean F2 of /u/ in “bood” and “poog” during the “Vowel Inven-
tory” portion of the experiment. The F2 compensation response was measured as 
the difference between the mean F2 value of the /u/ productions during the 
“Maximum Shift” phase and the /u/ baseline that had been measured in the 
30 “Baseline” trials. Changes in F0 and F1 between the “Baseline” and “Maximum 
Shift” phases were measured using the same procedure. Outlier tokens more than 
2 standard deviations from the mean, which constituted less than 10% of tokens, 
were discarded. 

The questionnaires were scored using guidelines provided by their authors. 
The California identity questionnaire that we devised for this study was scored by 
converting the 7-level scale to a 7-point scale where “strongly disagree” = 1, and 
“strongly agree” = 7. Then, all values were summed (after reversing the reverse 
questions) and divided by the maximum total score possible. With the exception 
of the Autism-Spectrum Quotient (AQ), all scores have values from 0 to 1 (0% to 
100%). The AQ is scored on a scale from 0 to 50.
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Table 3. Descriptive statistics for the predictors drawn from personality questionnaires

Californian Autism Self.Monit 

Min.: 0.5210  7.00 0.2800 
1st Qu.: 0.7465 13.25 0.4400 
Median: 0.8035 19.00 0.5200 
Mean: 0.7912 18.24 0.5652 
3rd Qu.: 0.8640 23.75 0.6700 
Max.: 0.9520 27.00 0.9200

Impulsiveness Nonplan Motor Attentional 

Min.: 0.3920 0.2950 0.3640 0.3750 
1st Qu.: 0.4920 0.4605 0.4550 0.4768 
Median: 0.5330 0.5230 0.5230 0.5625 
Mean: 0.5366 0.5380 0.5208 0.5538 
3rd Qu.: 0.5920 0.6082 0.5680 0.5940 
Max.: 0.6670 0.7730 0.7270 0.8130

Empow R.Anger Optim. ComAct Power S.Est 

Min.: 0.6340 0.3130 0.5630 0.6670 0.5310 0.528 
1st Qu.: 0.7680 0.5000 0.7035 0.8330 0.6560 0.785 
Median: 0.7860 0.5940 0.8130 0.8750 0.6880 0.861 
Mean: 0.7839 0.6145 0.8064 0.8831 0.7008 0.843 
3rd Qu.: 0.8130 0.6880 0.9223 0.9580 0.7810 0.917 
Max.: 0.9290 1.0000 1.0000 1.0000 0.8440 1.000 

Extrov Agree Conscie Emo.Stab Intel.Open 

Min.: 0.3060 0.4860 0.3470 0.3060 0.4030 
1st Qu.: 0.4860 0.6940 0.5487 0.4930 0.6975 
Median: 0.5560 0.7640 0.6530 0.6040 0.8060 
Mean: 0.5843 0.7551 0.6542 0.6088 0.7873 
3rd Qu.: 0.6940 0.8470 0.7570 0.6940 0.8905 
Max.: 0.9860 0.9210 0.9440 0.9720 1.0000

Table 3 shows the range and central tendency for each of the predictor variables 
drawn from the personality questionnaires. Because the California Attitudes ques-
tionnaire was devised for this experiment and has not been normed for a large 
population, we are not sure what range to expect on this instrument. If anything, 
it seems as if the range of California attitudes is somewhat narrow. There are no 
concerns about the ranges or mean values for any of the other variables.
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Table 4. Correlations among the main personality variables (i.e. not including the subcom-
ponents of impulsivity and empowerment). Reliable (p < 0.05) correlations are in bold face

AQ Self-
Moni-
toring

Impul-
sivity

Empow-
erment

Extro-
version

Agree-
able-
ness

Consci-
entious-

ness

Emo-
tional-

Stability

Open 
ness

Californian –0.08 0.1  0.07  0.22  0.16  0.05  0.21 0 –0.05
AQ –0.33 –0.13 –0.42 –0.48 –0.05 –0.05 –0.09 –0.22
Monitoring  0.3  0.24  0.38 –0.16 –0.16 –0.21  0.51
Impulsiveness  0.03  0.02 –0.19 –0.53 –0.13  0.03
Empowerment  0.56  0.19  0.25  0.08  0.38
Extroversion  0.22  0.38  0.07  0.15
Agreeableness  0.33  0.33 –0.05
Conscientious-
ness

0.1  0.11

Emotional 
Stability

–0.39

Table 4 shows a correlation matrix of the personality questionnaire responses for 
the main variables (i.e. for the sake of space, not including all of the subcompo-
nents of the Impulsivity and Empowerment questionnaires). Autism Spectrum 
Quotient (AQ) was negatively correlated with Empowerment and Extroversion, 
which were positively correlated with each other, and Empowerment was also 
positively correlated with Openness while Extroversion was positively correlated 
with Conscientiousness. The highest correlations in the table were the negative 
correlation between Conscientiousness and Impulsiveness, and the positive cor-
relation between Openness and Self-monitoring.

The correlations in Table 5 indicate that among the subcomponents of the 
empowerment scale, Optimism, Autonomy and Self-Esteem were associated with 
each other on the one hand, and Power and Righteous Anger formed another re-
lated pair of subcomponents.

Table 5. Correlations among the sub-components of the empowerment questionnaire. 
Reliable (p < 0.05) correlations are in bold face

Righteous Anger Optimism Autonomy Power Self Esteem

Empowerment 0.28  0.54  0.57  0.43 0.79
Righteous Anger –0.26 –0.04  0.43 0
Optimism  0.39 –0.15 0.36
Autonomy  0.12 0.27
Power 0.05
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A total of 26 variables were entered as predictors of the F2 compensation response 
and a forward stepwise regression using the Akaike Information Criterion (AIC) 
selected the best combination of factors to predict the degree of F2 compensation 
a subject would produce. In addition to the 17 social and personality variables 
derived from the questionnaires discussed above, we included (1) four baseline /u/ 
F2 measures (two from “bood” and “poog” as discussed above, one from the aver-
age F2 of “rude”, and one from the average F2 of “dude”), (2) two measures of pos-
sible concurrent compensation to altered auditory feedback (the degree of F0 and 
F1 difference between the 30 baseline tokens and the 100 maximum shift tokens)1, 
and (3) two qualitative measures of subjects’ language background: whether they 
were bilingual (5 subjects) or not (41 subjects), and the region of California where 
they grew up (Southern – 13s, Northern – 27s, or Central – 6s).

3. Results

As has been observed in previous studies, speakers in this study had a large F2 
range for the vowel /u/, spanning 441Hz on average (see Figure 2). The mean F2 of 
/u/ “who’d” was 1239Hz, while the mean F2 of /u/ in the coronal environment 
“dude” was 1680Hz. From Figure 2, it is evident that, consistent with previous re-
search (Hagiwara 1995; Clopper & Pisoni 2004; Clopper et al. 2005; Labov 
et al. 2006), California English exhibits a fronted /u/ vowel region. Second formant 
values for /u/ in this subject pool parallel those found by Hagiwara’s 1995 study of 
California vowels: Hagiwara’s observed mean /u/ values in a preceding coronal 
and bilabial environment were 1679Hz and 1341Hz, respectively, and this study’s 
averages were 1680Hz and 1315Hz.

Figure 2 also shows average F1 and F2 of the pooled “bood” and “poog” re-
cordings for each subject in grey crosses and illustrates that there was a substantial 
range of /u/ F2 values2. Although there seems to be a slight tendency for Northern 
Californian subjects to have lower F2 values in /u/ than do Southern or Central 
Californians (see Table 6), there was also substantial individual variation in the 
baseline /u/ F2.

1. The rationale for including additional acoustic compensation measures is that speakers may 
have compensated for altered F2 in the feedback synthesis using gestures that affected other 
acoustic variables. In future work it would be good to include F3 compensation as a predictor. 
2. The pooled measurements for “bood” and “poog” from the “baseline” phase immediately 
preceding the formant shifting had separate F2 averages of 1342Hz and 1289Hz, respectively. 
Combined, their average was 1315Hz.
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Figure 2. The average vowel space of the subjects in this study (plotted with the words 
used to elicit the vowel). The gray crosses mark the mean baseline “bood”/“poog” of each 
of the 46 subjects

Table 6. Average F2 for speakers from different parts of California. Measurements for 
[bud] and [pug] were pooled and labeled “bood”. The first column labeled “bood” was 
from the “vowel inventory” (VI) recording, and the second column labeled “bood” was 
from the “baseline” (B) phase of the “formant shift” recordings. Number of speakers in 
each group is given in parentheses

bood (VI) bood (B) rude dude

South (n = 13) 1302 1330 1545 1722
Central (n = 6) 1300 1326 1520 1676
North (n = 27) 1295 1305 1514 1661

The majority of the subjects compensated for the altered auditory feedback by in-
creasing the F2 of their /u/ vowel productions, as expected – recall that the feedback 
alteration was to decrease the vowel’s F2. Figure 3 shows example formant measure-
ments on a trial-by-trial basis for a typical subject. As the feedback alteration is in-
troduced from trial 30 through trial 90, the subject responded by increasing his F2 
gradually so that by trial 75 the heard F2 (the result of the feedback alteration) 
remained steady between 1200 and 1300Hz, and the F2 actually produced by 
the subject neared 1500Hz, a compensation of nearly 200Hz. As the feedback 
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Figure 3. Trial-by-trial results for a typical subject. F1 and F2 measurements are shown 
in separate plots. The F2 plot displays gradual F2 shift of auditory feedback and resultant 
compensation in production
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alteration continued, the subject’s response no longer kept the F2 within his nor-
mal range for /u/ – even though he was producing a vowel that had a quite high F2, 
the F2 delivered at the headphones was quite low. 

The range of compensation responses seen in our 46 subjects is shown in 
Figure 4. Most subjects compensated for the 300Hz drop in F2 with an F2 increase 
of 50 to 150Hz. Four subjects compensated nearly 200Hz, and two followed the 
altered feedback rather than opposing it.

The results of the stepwise regression are shown in Table 7. Recall that 26 vari-
ables were entered as candidate predictors for this regression analysis, including 
acoustic vowel space descriptors, a social identity variable, and variables measur-
ing several personality traits. The stepwise regression procedure produced a mod-
el with four predictor variables – two subcomponents from Rogers et al.’s (1997) 
empowerment scale (the optimism and control over the future subcomponent, 
and the power/powerlessness subcomponent), one measure of the speaker’s start-
ing acoustic vowel space (the “bood”/ “poog” baseline measured during the “base-
line” phase of the experiment), and the “Nonplanning” subcomponent from Patton 
et al.’s (1995) inventory of impulsivity. No other factors were reliably correlated 
with subjects’ compensation response.

The model has an overall adjusted R2 of 0.37, and a residual standard error of 
45.15 on 41 degrees of freedom. The unadjusted multiple R2 is 0.43. 

The relationship between baseline /u/ F2 frequency and the amount of F2 
compensation is shown in Figure 5. Subjects who started the experiment with 
relatively backed, low F2, productions of /u/ tended to show a larger compensation 
response. 

The relationship between the empowerment subcomponent, “Optimism and 
Control over the Future” and the amount of F2 compensation is shown in Figure 6. 
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Figure 4. Degree of compensation. The y-axis shows the number of subjects who 
compensated to various degrees (compensation in Hz is shown on the x-axis)
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Table 7. Results of the step-wise regression analysis. The best-fitting multiple regression 
model to predict F2 compensation

Estimate SE t P 

(Intercept)   534.81438 106.98  4.999 <0.01***
Optimism –251.59739  56.33 –4.466 <0.01***
Baseline /u/ F2   –0.12044   0.05 –2.459  0.0182* 
Power –192.65752  87.69 –2.197  0.0337* 
Nonplanning   91.20033  67.11  1.359 0.1816
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Figure 5. The correlation between baseline F2 of /u/ and F2 compensation
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Figure 6. The negative correlation between F2 compensation and the “Optimism” 
subcomponent of the Empowerment scale

This correlation is also negative. Subjects who scored higher for “Optimism” tend-
ed to have smaller compensation responses when auditory feedback was altered. 
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Figure 7. The negative correlation between F2 compensation and the “Power” subcom-
ponent of the Empowerment scale

The “Power” subcomponent (Figure 7) was also negatively related to compensa-
tion, although more weakly. The final factor found by the stepwise regression pro-
cedure, “Nonplanning”, was only weakly correlated with the amount of F2 com-
pensation. Comparison of a model with “Nonplanning” as a predictor versus a 
model without this additional factor, found that the increase in variance account-
ed for with the factor added was non-significant (F[1,41] = 1.85, p = 0.18; 40.2% 
variance accounted for without the “Nonplanning” variable, and 42.8% with it). 

4. Discussion

The pattern of compensation demonstrated by the majority of the subjects in this 
study is similar to that documented in previous studies; most subjects significant-
ly changed their production so as to oppose the altered auditory feedback. 
Additionally, this study, like others before, observed variability in the amount of 
compensation. Some subjects compensated almost completely, most compensated 
for about 30% of the F2 feedback shift (100Hz of compensation for a 300Hz shift), 
and some failed to compensate at all. The incomplete compensation seen for most 
speakers in this paradigm has been taken to indicate a tension between a need to 
produce a vowel that matches one’s internal somatosensory target (i.e. don’t com-
pensate with a vowel that feels too far forward) while simultaneously producing a 
vowel that matches one’s more external auditory target (i.e. don’t make a vowel that 
doesn’t sound right). Individuals resolve this tension in different ways.

Some of this inter-participant variation can be explained by subjects’ baseline 
/u/ formants. Participants who started the experiment with relatively backed, low 
F2, productions of /u/ tended to show a larger compensation response. Altered 
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auditory feedback affected those who started with a low F2 differently than those 
who started with a higher F2. Decreasing an already low F2 would result in shifting 
the /u/ off the edge of the vowel space, to a vowel with formants that may be only 
marginally possible with a human vocal tract. Subjects with naturally higher /u/ F2 
heard themselves producing /u/ with a humanly possible F2, but one that was 
merely atypical for their dialect of English. So, it would seem that the motivation 
for compensation was stronger for subjects who normally say /u/ with a low F2.

In addition to the baseline effect, as we hypothesized, some of the variation in 
compensation was linked to personality traits. Two subcomponents of empower-
ment (Optimism & Control over the Future and Power/Powerlessness) were nega-
tively correlated with amount of compensation. The statistical analysis revealed 
that the less powerful subjects felt, and the less they were optimistic about their 
future and felt that they have control over it, the more they compensated for al-
tered auditory feedback. This finding is consistent with the literature on power that 
we cited above (Fiske & Dépret 1996; Ward & Keltner 1998; Magee et al. 2005; 
Galinsky et al. 2006; 2008). It is possible that, just like low-power participants in 
other studies, these subjects were more reliant on situational cues, were more per-
ceptually acute, paid more attention to their auditory feedback, monitored their 
speech production more, and their linguistic behavior was in general more suscep-
tible to influence, causing them to compensate more for the manipulation. 

California identity was not a predictor for compensation. Assuming that the 
questionnaire we devised for this study was able to reflect subjects’ attitudes and 
self-identification with California, it seems possible that: (1) for this subject pool, 
fronted /u/ was not an important marker of regional Californian identity, (2) the 
participants did not associate a more backed /u/ with a non-Californian dialect 
region, (3) if they did recognize that their /u/ production sounded non-Californian, 
they did not consider it threatening because they did not have negative attitudes 
towards regions, people, culture, and everything else they associate with a more 
backed /u/. Ideally, other experimental designs (e.g. priming one group of partici-
pants with pro-California sentiments before the feedback alteration and then ob-
serving differences in compensation with the control group) would provide a better 
measure for the significance of Californian dialect as a marker of regional identity.

In conclusion, this paper reported that social and personality variables modu-
late compensation for altered auditory feedback. We provided evidence that per-
sonal empowerment affects the amount of compensation a person will produce in 
an altered auditory feedback experiment. The fact that a construct derived entirely 
from social interactions can influence speech so significantly lends support for the 
inclusion of a social-psychological approach in phonetic research.

Although we only measured the direct influence of personality measures on 
compensation, it is possible that personality influences compensation indirectly, by 
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affecting other intermediate variables known to influence compensation (for ex-
ample, perceptual boundaries (Shiller et al. 2009), or perceptual acuity (Villacorta 
et al. 2007)). We did not conduct perceptual boundary or discrimination tests, but 
it seems evident that this remains an interesting area for future investigations. 

Obviously, people do not face natural speech environments in which the F2 is 
selectively altered in the way that we altered it in this experiment. So, in a strict 
interpretation our results have no bearing on any theory of normal speech com-
munication. Nonetheless, we speculate that our results on compensation for al-
tered auditory feedback are relevant to sound change because they reflect a role of 
personality variables in speech processing more generally. Our claim is that the 
same personality characteristic that makes a person sensitive to altered auditory 
feedback makes him sensitive to phonetic variation more generally – whether in 
his own speech, or in the speech of others. 

As we mentioned in the introduction, it is widely accepted that phonetic fac-
tors such as articulatory overlap, biomechanical effects, and aerodynamic con-
straints result in phonetic variation that may become part of speech plans. The 
problem in a theory of sound change is to determine when this ubiquitous pho-
netic variation will lead to sound change – the actuation problem. Our findings 
relating empowerment to adaptation to altered auditory feedback may be relevant 
in identifying a social variable that appears to be related to sensitivity to phonetic 
variation. Although the link between empowerment and sound change is some-
what speculative at this time, we see this line of research as an important direction 
to explore as we seek to make a link between the phonetic motivation for sound 
change and the actuation of change in communities of speakers.

The findings of this study warrant a more in-depth investigation on the effect 
of empowerment on speech processing as it may be related to sound change. If 
empowerment proves to affect other, more natural acts of speech production, then 
it would likely be an important part of a personality-based solution to the actua-
tion problem. If traditionally powerless segments of the society (e.g. people of 
lower social class, women, etc.) are systematically inclined to alter their speech 
when exposed to novel phonetic variants, then they may be the locus of sound 
change actuation. 
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Appendix 1. Attitude/Self-identification with California questionnaire

DIRECTIONS: People differ in the ways they act and think in different situations. How 
much do you agree or disagree with the statements below? Read each statement and put an 
X in the appropriate column on the right side of this page. Do not spend too much time on 
any statement. Answer quickly and honestly.

Strongly D
isagree

D
isagree

Som
ew

hat D
isagree

N
either A

gree nor D
isagree

Som
ew

hat A
gree

A
gree

Strongly A
gree

 1. I consider myself to be a Californian.
 2. My family considers me to be a Californian.
 3. There is nothing special about being a Californian.
 4. My friends consider me to be a Californian.
 5. Sometimes I am ashamed of being a Californian.
 6. I love and am devoted to the state of California.
 7. I hope to move out of California within the next 5 years.
 8. Most California residents enjoy living in California.
 9. There is nothing exceptional about being from California.
10. I don’t think of myself as a Californian.
11. My family doesn’t regard me as a Californian.
12. I find it easy to live in California.
13. My friends don’t regard me as a Californian.
14. I am proud of being a Californian most of the time.
15. I dislike the state of California.
16. Being a Californian is cool.
17. Most California residents don’t like living in California.
18. I would rather live in California than anywhere else.
19. California is a unique place to be from.
20. Living in California is hard.

Strongly D
isagree

D
isagree

Som
ew

hat D
isagree

N
either A

gree nor D
isagree

Som
ew

hat A
gree

A
gree

Strongly A
gree
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Appendix 2. Empowerment Scale questionnaire

Directions: People differ in the ways they act and think in different situations. How much do you 
agree or disagree with the statements below? Read each statement and put an X in the appropriate 
column on the right side of this page. Do not spend too much time on any statement. Answer quickly 
and honestly.

Strongly 
D

isagree

Slightly 
D

isagree

Slightly 
A

gree

Strongly 
A

gree

 1. I can pretty much determine what will happen in my life.
 2. People are limited only by what they think is possible.
 3. People have more power if they join together as a group.
 4. Getting angry about something never helps.
 5. I have a positive attitude toward myself.
 6. I am usually confident about the decisions I make.
 7.  People have no right to get angry just because they don’t like 

something.
 8. Most of the misfortunes in my life were due to bad luck.
 9. I see myself as a capable person.
10. Making waves never gets you anywhere.
11.  People working together can have an effect on their community.
12. I am often able to overcome barriers.
13. I am generally optimistic about the future.
14.  When I make plans, I am almost certain to make them work.
15.  Getting angry about something is often the first step toward 

changing it.
16. Usually I feel alone.
17.  Experts are in the best position to decide what people should do or 

learn.
18. I am able to do things as well as most other people.
19. I generally accomplish what I set out to do.
20. People should try to live their lives the way they want to.
21. You can’t fight city hall (authority).
22. I feel powerless most of the time.
23.  When I ‘m unsure about something, I usually go along with the rest 

of the group.
24.  I feel I am a person of worth, at least on an equal basis with others.
25.  People have a right to make their own decisions, even if they are bad 

ones.
26. I feel I have a number of good qualities.
27. Very often a problem can be solved by taking action.
28.  Working with others in my community can help to change things for 

the better.

Strongly 
D

isagree

Slightly 
D

isagree

Slightly 
A

gree

Strongly 
A

gree
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