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ABSTRACT:
Although unfamiliar accents can pose word identification challenges for children and adults, few studies have directly

compared perception of multiple nonnative and regional accents or quantified how the extent of deviation from the

ambient accent impacts word identification accuracy across development. To address these gaps, 5- to 7-year-old

children’s and adults’ word identification accuracy with native (Midland American, British, Scottish), nonnative

(German-, Mandarin-, Japanese-accented English) and bilingual (Hindi-English) varieties (one talker per accent) was

tested in quiet and noise. Talkers’ pronunciation distance from the ambient dialect was quantified at the phoneme level

using a Levenshtein algorithm adaptation. Whereas performance was worse on all non-ambient dialects than the ambi-

ent one, there were only interactions between talker and age (child vs adult or across age for the children) for a subset

of talkers, which did not fall along the native/nonnative divide. Levenshtein distances significantly predicted word rec-

ognition accuracy for adults and children in both listening environments with similar impacts in quiet. In noise, chil-

dren had more difficulty overcoming pronunciations that substantially deviated from ambient dialect norms than

adults. Future work should continue investigating how pronunciation distance impacts word recognition accuracy by

incorporating distance metrics at other levels of analysis (e.g., phonetic, suprasegmental).
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I. INTRODUCTION

From infancy through adolescence, children’s aware-

ness of phonetic variation increases, as do their abilities to

recognize words with unfamiliar pronunciations. Within the

first few years of life, they improve in their ability to handle

phonetic variation arising from many sources including idio-

lect, gender, emotion, unfamiliar regional dialects, and non-

native accents (Best et al., 2009; Houston and Jusczyk,

2000; Singh et al., 2004; van Heugten and Johnson, 2012;

van Heugten et al., 2015; van Heugten et al., 2018). Recent
work suggests that some of the fundamental cognitive skills

supporting perception of these variations are in place rela-

tively early in development, including phoneme remapping

and lexically guided retuning (McQueen et al., 2012; White

and Aslin, 2011). However, the ability to process and

cognitively represent variation arising from some sources,

such as nonnative accents and regional dialects, appears to

take many years to reach adult-like levels for both word rec-

ognition tasks and tasks tapping into sociolinguistic compe-

tence (e.g., dialect categorization) (Bent, 2018; Jones et al.,
2017; McCullough et al., 2019a).

Many of the studies in this area have focused on young

children’s recognition of words produced with unfamiliar

regional accents (Best et al., 2009; Kitamura et al., 2013;
Mulak et al., 2013; Potter and Saffran, 2017; van der Feest

and Johnson, 2016; van Heugten and Johnson, 2014, 2016;

van Heugten et al., 2015), while fewer have used either con-

structed accents or nonnative accents (Paquette-Smith et al.,
2020; van Heugten et al., 2018; Weatherhead and White,

2016). Due to the age of the children in these studies (pri-

marily infants and toddlers), variations on the visual fixation

paradigm, Preferential Looking Procedure, or Headturn

Preference Procedure have been used most frequently. In

these tasks, children’s eye gaze or head turns are measured

for either lists of words (e.g., high- vs low-frequency words)

or pictures that match or mismatch auditorily presented

words. Taken together, these studies suggest that children

can recognize familiar words produced with unfamiliar

accents by late in the second year of life (see summary in

van Heugten et al., 2018).
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miliar accents impact children’s and adults’ word recognition” at the

European Society for Cognitive Psychology, Tenerife, Canary Islands,

Spain. September 2019; and in “Predicting children’s word recognition
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Everywhere, December 2020.
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Although children’s abilities to cope with phonetic vari-

ation improve during the first few years of life, other lines of

work have emphasized their continued development during

the early school-aged years. For both regional dialects and

nonnative accents, studies have found that children’s social

inferences and preferences (Creel, 2018; Dossey et al.,
2020; Kinzler and DeJesus, 2013a, 2013b; Weatherhead

et al., 2018) and word recognition abilities (Bent, 2014;

Bent and Atagi, 2015, 2017; Bent and Holt, 2018; Bent

et al., 2019; Creel et al., 2016; Dossey et al., 2020; Holt and
Bent, 2017; McDonald et al., 2018; Nathan et al., 1998) are
continuing to develop during these years.

A range of social inference, decision-making, and

sociolinguistic competence tasks have been used to study

regional dialect and nonnative accent perception in children.

In friendship preference tasks, children are presented with

speakers who have different accents (e.g., native vs nonna-

tive) and are asked with whom they would prefer to be

friends. Children from approximately 5 years of age prefer

to be friends with a native speaker over a nonnative speaker

and this preference strengthens through 7 years (Creel,

2018; Kinzler et al., 2009; Kinzler and DeJesus, 2013a),

although evidence that a speaker is “nice” or “mean” can

change these preferences (Kinzler and DeJesus, 2013a).

With emotionally neutral content, 5- to 6-year-old children

also rate native speakers as nicer than nonnative speakers

(Kinzler and DeJesus, 2013a). Performance in tasks tapping

into geography knowledge has shown somewhat mixed

results. Kinzler and DeJesus (2013a) found that 5- to 6-year-

old children identified a native speaker as more likely to be

“living around here” or “American” compared to a French-

accented speaker, but performance in Creel (2018) was poor

in a similar location judgment task for 3- to 7-year-old chil-

dren with some improvement over the age range tested.

With American regional dialects, accurate locality judg-

ments and discrimination abilities between dialects also

begin to appear around age 5 and continue to improve

throughout the teenage years (McCullough et al., 2019b)
and even into early adulthood (Dossey et al., 2020). The
ability to accurately group speakers by regional dialect in a

free classification task also shows a long developmental tra-

jectory stretching through adolescence (Jones et al., 2017).
A number of studies have tested the word recognition

abilities of 3- to 7-year-old children with unfamiliar accents

(Bent, 2014; Bent and Atagi, 2015, 2017; Bent and Holt,

2018; Creel et al., 2016; Nathan et al., 1998), finding that

children and adults show better word recognition for famil-

iar than unfamiliar accents and dialects in open-set tasks.

However, children continue to experience greater challenges

from unfamiliar accents and dialects than adults throughout

this age range. These difficulties have been observed with

both word- (Bent, 2018; Nathan et al., 1998) and sentence-

length stimuli (Bent and Atagi, 2017; Bent and Holt, 2018;

McDonald et al., 2018), but are typically much larger in

open-set than closed-set tasks (Creel et al., 2016), and are

exacerbated by background noise (Bent and Atagi, 2015;

Bent and Holt, 2018). In addition to accuracy differences,

children tend to be slower to process speech produced by

nonnative talkers than native talkers (McDonald et al.,
2018). Compared to adults, who are generally able to over-

come variability from unfamiliar accents in quiet, children

can struggle even in good listening conditions and show

severe challenges for some unfamiliar accents in even mod-

erate levels of noise (Bent and Atagi, 2015; Bent and Holt,

2018). The reason for children’s reduced abilities to over-

come variation stemming from unfamiliar accents has not

been definitively determined, but there is evidence that

some of their difficulties derive from a less robust use of

contextual cues (Bent et al., 2019), smaller vocabulary sizes

(Bent, 2018; Levy et al., 2019), and underdeveloped phono-

logical processing skills (Bent and Atagi, 2017).

The studies that have directly compared sensitivity to

differences among and between unfamiliar native and non-

native varieties show that 5- to 7-year-old children typically

have more difficulty categorizing or discriminating between

their home dialect and a different native variety than

between their home dialect and a nonnative variety (Evans

and Lourido, 2019; Floccia et al., 2009a; Girard et al., 2008;
Paquette-Smith et al., 2019; Wagner et al., 2014).

Additionally, children may rate nonnative accents as more

distinct from their home variety than a regional variety

(Weatherhead et al., 2019). However, the sensitivity to these

distinctions can be influenced by linguistic experience; in

Evans and Lourido (2019), bilingual children showed higher

accuracy than monolinguals in an accent categorization task

for three accent comparisons tested (i.e., home-foreign, for-

eign-regional, and home-regional).

In studies comparing word recognition for nonnative

and unfamiliar regional varieties, the results are mixed.

Some work shows that children can overcome the unfamiliar

pronunciation patterns present in regional dialects more

readily than nonnative varieties (Bent and Holt, 2018), while

other research has found greater difficulty in word identifi-

cation for a regional variety than a nonnative one (Levy

et al., 2019). Another study that explicitly compared native

and nonnative varieties showed no difference among the

home, regional, and nonnative varieties, likely because chil-

dren were near ceiling in the four-alternative forced-choice

word identification task (Evans and Lourido, 2019).

Similarly, an investigation of much younger children’s word

recognition with one regional and one nonnative variety

showed no difference between the two when the participants

were not provided with an adaptation phase (Paquette-Smith

et al., 2020).
The vast majority of studies on children’s perception of

unfamiliar accents or dialects have used one regional dialect

or one nonnative accent (e.g., Best et al., 2009; Nathan

et al., 1998; van Heugten et al., 2018) as the test case for

evaluating the impact of unfamiliar accents on perception.

The relative dearth of studies investigating how multiple

accents (including both regional and nonnative) impact

children’s speech processing has limited our understanding

in this area. That is, claims about the developmental trajec-

tory for children’s abilities to overcome phonetic variation
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are very likely influenced by the acoustic-phonetic distance

between the home variety and the unfamiliar variety

employed in the study. Thus, studies employing accents that

are more similar to one another may show earlier emergence

of abilities to handle variation than those employing

regional or nonnative varieties that are more distinct. Even

within these varieties and categories (e.g., native vs nonna-

tive), the specific talker’s production patterns will strongly

influence perceptual patterns: talkers with stronger accents

or less proficiency in a second language are frequently more

difficult to understand (Bent and Bradlow, 2003). A related

body of research on the effects of mispronunciation distance

(in toddlers and adults) further motivates including pronun-

ciation distance metrics into studies of unfamiliar accent

perception. Work in this area has shown that increased dis-

tance from a target pronunciation leads to less successful

lexical access. For example, White and Morgan (2008) dem-

onstrated that children as young as 19months of age show

gradient sensitivity to words with mispronunciations such

that they more readily look to words with a smaller degree

of phonological mismatch with the target word than words

with greater degrees of mismatch. These types of findings

from the mispronunciation literature suggest that including

pronunciation distance metrics for naturally produced

speech from talkers with different regional and nonnative

accents may provide insight into why lexical access is diffi-

cult for particular listener groups or under specific listening

conditions.

In addition to difficulties comparing studies that use a

single accent or talker without quantification of pronuncia-

tion distance, across-study comparisons also can be challeng-

ing when different tasks are employed and studies rarely

include more than one task, with some recent notable excep-

tions (Creel et al., 2016; Dossey et al., 2020; McCullough

et al., 2019a). For example, differences between children’s

processing of familiar vs unfamiliar accents were found to be

quite small for closed-set tasks but substantially larger in

open-set word recognition (Creel et al., 2016). Additionally,
children may be able to succeed in a Headturn Preference

Procedure, Preferential Looking Procedure, or visual fixation

task with an unfamiliar variety by age 18months, but with a

different variety or procedure they may fail to successfully

recognize unfamiliar pronunciations.

The methodological differences in the talkers and

accents tested as well as the tasks used make across-study

comparisons challenging. Therefore, it is imperative that

studies include multiple talkers and accents within the same

procedure, as well as the same talker and accent with differ-

ent procedures to understand how both variables affect per-

formance. Last, the acoustic-phonetic differences from the

child’s native dialect must be quantified and related to per-

ceptual patterns. This approach will lead to a deeper under-

standing of the cognitive-linguistic mechanisms underlying

the development of word recognition.

Here, we take the approach of incorporating multiple

native and nonnative accents, with one talker representing

each accent, while keeping the task constant. Specifically,

we present new data testing 5- to 7-year-old children and

adults’ sentence recognition abilities with four different

unfamiliar accents (some native, some nonnative) under var-

ious listening conditions (quiet and noise). We also include

data from an additional two unfamiliar accents from previ-

ous work (Bent and Holt, 2018), which were collected under

the same task conditions.

This study also serves to advance the field by examining

how specific pronunciation patterns impact word recognition

for different age groups and in different listening environ-

ments. As the initial step in the work, we incorporate

Levenshtein distance, which quantifies the difference

between two sequences or strings, in this case the extent to

which unfamiliar accents differ from the ambient dialect at

the phoneme level. These distances are calculated by compar-

ing phonemic transcriptions of the familiar and unfamiliar

accented productions of the same words or sentences. Talkers

whose productions differ to a greater extent in the phonemic

domain from the ambient dialect (in this case Midland

American English) receive higher Levenshtein distances (see

Sec. II for more detail). These scores allow for a quantifica-

tion of difference among talkers without a priori assumptions

about the extent to which specific accents or speakers may

differ from the ambient dialect (e.g., it does not assume that

nonnative talkers will be more distinct than native talkers

with an unfamiliar regional accent). Furthermore, we can

investigate how pronunciation distance influences word rec-

ognition at both a global talker level as well as at a more

fine-grained word or sentence level. The investigation of how

the extent and type of deviation from the ambient dialect

impact word recognition accuracy across development is an

essential next step for advancing our understanding of the

mechanistic changes leading to improvements in children’s

abilities to map unfamiliar productions onto words in their

lexicons. Critically, this approach can provide a crucial link

between studies investigating fundamental mechanisms

underlying listeners’ abilities to cope with phonetic variation

(e.g., lexically guided phonetic retuning) and those testing

word recognition and sentence comprehension.

Although Levenshtein distances have been compared

with foreign accent or dialect strength ratings (Bartelds

et al., 2020; Gooskens and Heeringa, 2004; Wieling et al.,
2014a; Wieling et al., 2014b) and intelligibility across

related Scandinavian languages (Beijering et al., 2008), this
metric has only been used once before to our knowledge in

relation to recognition of unfamiliar accents by children

(Levy et al., 2019). In Levy et al. (2019), a different target

language (German) was employed with two unfamiliar

accents (one regional and one nonnative). Levenshtein dis-

tances were reported at the talker level as an indicator of

overall distance from the home standard, but the distances

were not incorporated into the statistical analyses in terms

of their relation to intelligibility scores. The study also did

not include adults in the analyses or measure the impact of

noise. By incorporating Levenshtein distances into the sta-

tistical analyses of word identification accuracy and includ-

ing six unfamiliar accents, the data presented here allow for
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a broader assessment of how specific talker characteristics

impact spoken word recognition at two different points in

the lifespan. While our study is still limited to one talker per

accent, it is an initial step towards a more comprehensive

view of the impact of unfamiliar pronunciations on word

recognition and will allow for novel assessments of how

pronunciation distance impacts word recognition.

II. METHOD

A. Participants

Listeners included 292 monolingual American English-

speaking adults and children. Adults (n ¼ 112; 60 female)

were between the ages of 18 and 35 years with an average

age of 23.5 years (standard deviation, SD ¼ 4.1). Children

(n ¼180; 90 female) were between the ages of 5 and 7 years

with equal numbers of 5-, 6-, and 7-year-old children. We

also include data from 90 children and 96 adults (reported in

Bent and Holt, 2018), who were tested under the same con-

ditions but were presented with different talkers. All adults

and parents of child participants reported typical speech,

language, and hearing. An additional 48 participants were

tested, but their data were excluded because they did not fit

the language background criteria, including bilingual or

multilingual language backgrounds (four adults; two chil-

dren); reported high exposure to one or more of the accents

or dialects included in their assigned condition (15 adults; 4

children); reported atypical speech/hearing (one adult; six

children); did not meet age inclusion criteria (three adults);

technical/equipment error (one adult; one child); refused to

assent to the project (one child); or did not complete the pro-

cedure (ten children). Ratings of exposure to a range of dia-

lects and accents were obtained from adults via self-report

and for children via parental report using a 1–5 scale, where

1¼ no exposure and 5¼ frequent daily exposure. For the

ambient regional dialect (Midland American English), both

adults and children had high ratings with the adult average

of 4.8 (range ¼ 1–5) and children with an average of 4.6

(range ¼ 1–5). Ratings for the accents and dialects included

in the participant’s condition (see more detail below) were

also collected. The exposure ratings were much lower for all

non-ambient accents (German-accented English ¼ 1.2 for

adults and 1.0 for children; Scottish English ¼ 1.2 for adults

and 1.0 for children; Hindi-accented/Indian English ¼ 1.5

for adults and 1.2 for children; Mandarin-/Chinese-accented

English ¼ 1.5 for adults and 1.1 for children). Participants

also identified their home dialect by self-or parental report.

Most respondents indicated that their home dialect was

Midland (n ¼ 205), a combination of Midland and another

dialect (n ¼ 3), or North Central (n ¼ 35). Other home dia-

lects included Appalachian (n ¼ 9), Southern (n¼8), West

(n ¼5), Western Pennsylvania (n ¼ 5), and New York City

(n ¼ 3). The remaining respondents included other dialects

(n ¼ 7) or did not provide a response (n ¼ 12). For the chil-

dren, parents indicated that English was the only (n ¼ 174)

or primary (n ¼ 6) language spoken in the home. Most

adults had studied another language, but none of the

included participants reported fluency in any language other

than English.

B. Stimuli

The sentence stimuli were 60 sentences selected from

the Hearing In Noise Test for Children (HINT-C) (Nilsson

et al., 1996). These sentences are simple declaratives com-

posed of words (including three to four keywords per sen-

tence) that should be highly familiar to children. Five

female talkers were recorded reading the sentences. One

speaker was a 23-year-old native monolingual English

speaker from the Midland dialect region. The other four

speakers included a Scottish English speaker, a native

German speaker, a native Mandarin speaker, and a Hindi-

English bilingual speaker. The German and Mandarin

speakers were selected from the Hoosier Database of Native

and Nonnative Speech for Children (Bent, 2014).

Recordings of the nonnative speakers and the Midland

speaker are available on SpeechBox (Bradlow, n.d.). The

native German speaker was 29 years of age, had been living

in the U.S. for 1.7 years, and started studying English at age

10. The native Mandarin speaker was 23 years of age, had

been living in the U.S. for three years, and started learning

English at age 8. The Scottish and Hindi speakers were

recorded specifically for this study at Ohio State University

and Indiana University, respectively. The Scottish speaker

was 24 years of age and had lived in the U.S. for two years

prior to the recording. The Hindi speaker was a simulta-

neous Hindi-English bilingual, was 18 years of age, and had

been in the U.S. for 4months at the time of recording.

To quantify the segmental characteristics of the talkers

included in the study, an adapted version of the Levenshtein

Distance Algorithm was used (Levy et al., 2019). The tradi-
tional Levenshtein algorithm (Levenshtein, 1966) uses a

binary coding method to compare two pronunciations of a

word across speakers, dialects, or languages. In these com-

parisons, two phonemic transcriptions of a word are aligned

so that the number of operations (i.e., substitutions, deletions,

additions) to change one word into another word are deter-

mined. The alignment is optimized to find the alignment that

results in the fewest operations. Each of these operations is

given the same penalty (i.e., 1) and these penalties are

summed to determine the distance between the two pronun-

ciations of the word. The adapted method used here utilizes a

similar approach but provides for more gradual variation

depending on the type of error. This scoring method was

used by Levy et al. (2019) under the assumption that not all

phonemic changes carry equal weight in perception. The

penalty weights in the adapted algorithm were derived from

concepts presented in Pettersson et al. (2013), in which lower
weights are assigned for more frequently occurring varia-

tions. Greater penalties for consonant than vowel errors are

consistent with the literature (Gao, 2019) showing that con-

sonant deviations have greater consequences for perception

of nonnative-accented speech than vowel errors. This metric

quantifies the phonemic differences between the speakers of
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non-ambient dialects/accents compared to speakers from the

ambient dialect.

To make these comparisons, each of the 60 sentences

from the talkers used in this study and in Bent and Holt

(2018) was phonemically transcribed. In addition, transcrip-

tions were made for three additional Midland talkers from

the Hoosier Database. All sentences were phonemically tran-

scribed by two transcribers, at least one of whom was from

the Midland region. Transcriptions were based primarily on

perceptual analysis but were supported by observing the

acoustic characteristics of the speech including waveform

and spectrogram visualizations. After the two transcribers

independently completed their transcriptions, the two tran-

scriptions were compared. Where there were disagreements,

the initial two transcribers met with a third transcriber (first

author T.B.) to determine the final transcription. The tran-

scriptions for the talkers from the non-ambient dialects/

accents were compared to transcriptions for the four Midland

productions (i.e., the Midland speaker used here as well as

the three other Midland speakers in the Hoosier database). If

a non-ambient dialect speaker’s production matched any of

the four Midland speakers’ productions, they were not penal-

ized, but if the production was not observed in any of the

four Midland speakers’ productions, they received a penalty.

Differences between the non-ambient dialect speakers and

Midland speakers’ productions were then calculated based on

the following from Levy et al. (2019):

• Vowel substituted by another vowel ¼ 0.5
• Consonant substituted by another consonant ¼ 0.75
• Phoneme insertion ¼ 1.0
• Change to word length ¼ 1/log10(max(length(Word1),

length(Word2))) (where Word1 ¼ number of phonemes

in the non-ambient dialect speaker’s production and

Word2 ¼ number of phonemes for the ambient dialect

production)
• Other (e.g., deletions, vowel to consonant substitution,

consonant to vowel, etc.) ¼ 0.4

The score for each word was calculated by summing

the penalties described above resulting in a single score per

word. Note that words with insertions or deletions do not

necessarily receive two penalties (e.g., if one phoneme was

deleted and one was inserted total word length would not

change and thus no additional penalty would be assigned).

Higher numbers indicate that the speaker deviates further

from the Midland speakers, while a score of 0 indicates that

their productions were the same as one or more of the

Midland speakers. Based on an average across all words, the

speakers received the following scores: Japanese (0.663),

Hindi (0.403), Mandarin (0.308), German (0.286), British

(0.263), and Scottish (0.136). A Levenshtein calculation

example for a single sentence is shown in Table I.

C. Procedure

All participants were recruited and tested in the

Language Sciences Lab at the Center for Science and

Industry (COSI) in Columbus, Ohio. Participants were

assigned to one of two accent conditions. In each condition,

they were presented with sentences from three talkers repre-

senting three different accents/dialects. In one condition, lis-

teners were presented with the Midland, German-accented,

and Scottish talkers. In the other condition, the listeners

were presented with the Midland, Hindi/Indian English, and

Mandarin-accented talkers. For the data from Bent and Holt

(2018), listeners were presented with Midland, Japanese-

accented, and British talkers. Each talker contributed 20 sen-

tences to each condition and the specific sentences assigned

to each talker were counterbalanced across listeners. Within

the accent conditions, participants were assigned to a noise

or quiet condition. The noise condition consisted of senten-

ces that were mixed with an 8-talker babble (Van Engen

et al., 2014) at a signal-to-noise ratio (SNR) of þ4 dB. For

the trials with babble, sentences were mixed with a random

selection from the babble that was one second longer than

the sentence, so that there was 500ms of babble before the

sentence began as well as a 500-ms babble tail after the sen-

tence ended.

Testing took place in a quiet lab in the museum. All

stimuli were presented at a comfortable listening level.

Before the start of the experimental trials, listeners were pre-

sented with nine practice trials in which they heard three

sentences from each of the talkers included in their condi-

tion. No feedback other than general encouragement was

provided during the practice and experimental trials.

Following the practice trials, the 60 experimental trials

blocked by accent were presented with the order of the

accents counterbalanced across listeners. During all trials,

listeners were presented with one sentence at a time binau-

rally over Audiotechnica headphones (model 8TH-

770COM). They were instructed to repeat the sentence out

loud to the best of their ability. An experimenter, who was

TABLE I. Example of transcriptions for one sentence and associated

Levenshtein scores at the word level.

Accent The House Has Nine Bedrooms

Midland 1

(used in intelligibility tests)

ð@ haUs hæz naIn bEd�umz

Midland 2 ð@ haUs hæz naIn bEd�umz

Midland 3 ð@ haUs hæz naIn bEd�umz

Midland 4 ð@ haUs hæz naIn bEd�ums

Levenshtein score n/a

British ð@ haUs hæs naIn bEd�umz

Levenshtein score 0 0 0.75 0 0

German d@ haUs hEs naIn bEd�umz

Levenshtein score 0.75 0 1.25 0 0

Scottish ðE haUs hæz naIn bEZ�umz

Levenshtein score 0.5 0 0 0 0.75

Mandarin ð@ haUs hEs naI bEdz&�ums

Levenshtein score 0 0 1.25 2.50 0.75

Hindi ð@? haUs hæz naIn b@dT�ums

Levenshtein score 3.10 0 0 0 2.61

Japanese dE haUs hEz laIm bElomz

Levenshtein score 1.25 0 0.5 1.5 2.83
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trained by the second author (R.F.H.), recorded the partici-

pant’s response in real time and scored the responses offline.

If the experimenter was unsure of a participant’s response,

they would ask follow-up questions to clarify, ask the partici-

pant to repeat, point, or describe the word in question.

Because children with typical speech development in this age

range are highly intelligible (Flipsen, 2006) and earlier work

using very similar methods showed very few discrepancies

between initial and second orthographic transcriptions (Bent

and Atagi, 2017), we did not make audio recordings of the

participants’ responses for reliability checking.

Stimulus presentation was controlled with E-Prime v.

2.0 (Psychology Software Tools, 2007) on a Dell Optiplex

790 desktop computer. All testing procedures were

approved by the local institutional review board (IRB) and,

as is customary in museum laboratory settings, participants

were not compensated.

III. RESULTS

A. Adults and children in quiet and noise

Word recognition accuracy was analyzed using general-

ized linear mixed effects models with a logit link function to

account for the binomial outcome measure (i.e., correct or

incorrect). All words in the sentences were entered into the

model. For most words, a strict scoring criterion was applied

so that words were coded as incorrect if they included added

or deleted morphemes. The only exceptions to this rule were

for a(n)/the, has/had, have/had, is/was, and are/were. These

alternations were counted as correct per the original scoring

criteria for the HINT-C. Figure 1 displays individual means

and group means (adults/children) for each accent in both

quiet and noise conditions.

Fixed effects for this analysis included age group

(adults vs children), listening conditions (quiet vs noise),

and accent (seven levels; dummy coded with Midland as the

reference level). Random intercepts were included for par-

ticipant and item (models that included random slopes were

not able to converge).

To assess whether our three fixed effects significantly

affected word recognition in general, we first built a model

including all three of them (output in Table II) and com-

pared it to nested models that omitted each factor

individually.

The model comparisons showed significant effects of

accent (v2 ¼ 9716.80, p < 0.001), age (v2 ¼ 265.53, p
< 0.001), and noise (v2 ¼ 371.59, p < 0.001). Adults per-

formed better than children and performance in quiet was

better than in noise. Furthermore, the model output

(Table II) shows that performance on each accent differed

significantly from performance on the Midland accent

(p-values in the output are based on asymptotic Wald tests).

The negative parameter estimate for each accent indicates

that, in every case, participants were less accurate on the

non-Midland accent.

Next, we built models to investigate two- and three-way

interactions among age, listening condition, and accent

(Table III). We first compared the fit of a model that

FIG. 1. Mean word recognition accuracy for adults (dark circles) and children (light triangles) in quiet (left) and in noise (right). Small dots represent indi-

vidual participant means in each condition.
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included all two-way interactions among age, noise, and

accent to that of a model that also included the three-way

interaction. The three-way interaction did not yield a statisti-

cally significant improvement to model fit (v2 ¼ 8.72, p
¼ 0.19). To investigate the significance of the two-way

interactions, we compared the model with all three interac-

tions to nested models that excluded each one. These

comparisons showed that accent x noise (v2 ¼ 253.47, p
< 0.001) and accent x age (v2 ¼ 112.69, p < 0.001) signifi-

cantly improved model fit, but age x noise (v2 ¼ 0.61, p
¼ 0.44) did not. The output of the model that included age,

listening condition, accent and the significant two-way inter-

actions is displayed in Table III.

Inspection of this output shows that the interaction

between age and accent is driven by the British and Hindi

accents. In each case, children showed larger deficits for the

non-ambient accent (relative to the Midland accent) than

adults. The interaction between listening condition and

accent is driven by differences in the effects of noise for all

accents relative to the Midland accent. That is, noise is gen-

erally more detrimental to the recognition of non-ambient

accents than the ambient one.

B. Children: Developmental patterns

In a second analysis, we investigated the effect of age

on children’s performance for these accents across listening

conditions. The children in this study ranged in age from 5

to 7 years. For this analysis, their age in months was cen-

tered and scaled, and included in the statistical models as a

fixed effect. Random effects were the same as in the first

analysis. We assessed the main effect of age by first fitting a

model that included age and listening condition (averaged

over accents) and compared it to a model that included lis-

tening condition only. The addition of age significantly

improved model fit (v2 ¼ 36.575, p < 0.001); older children

generally performed better than younger children (Fig. 2).

To assess interactions among age, accent, and noise

condition, we then fit a model that included their three-way

interaction along with all two-way interactions and com-

pared it to a model that omitted the three-way interaction.

The three-way interaction significantly improved model fit

(v2 ¼ 16.037, p ¼ 0.014).

To assess this three-way interaction, we ran separate

analyses of the data collected in quiet and noise. In quiet,

the interaction between age and accent significantly

improved model fit relative to a model that included age and

accent only (v2 ¼ 23.299, p < 0.001). Additionally, the

model output indicated that age significantly interacted with

performance on the Japanese accent (p ¼ 0.003) and mar-

ginally on the Mandarin accent (p ¼ 0.079), with older kids

outperforming younger kids. In noise, the interaction

between age and accent also significantly improved model

fit compared to a model that included age and accent only

(v2 ¼ 19.483, p ¼ 0.003). Model output indicated that the

interaction was driven by performance on the Hindi accent

(p ¼ 0.003), again with older children outperforming youn-

ger children. Model outputs for the analyses of the child

data are included in the Appendix.

C. Levenshtein distance

To investigate the effect of Levenshtein distance on rec-

ognition accuracy, we analyzed the word recognition accu-

racy data with the distance metric included for each token

rather than information about the particular accent of a

speaker. It is worth noting that the distance variable is

highly skewed: of the 1860 individual word tokens for the

speakers of the non-ambient dialect, 1326 of them had a

TABLE III. Output of the mixed-effects model that included fixed effects

for age group, listening condition, and accent, along with the significant

two-way interactions (age group x accent and listening condition x accent).

Estimate Standard error z-value p-value

Intercept 3.921 0.070 55.675 <0.001

Age Group (Adult vs Child) 1.415 0.098 14.473 <0.001

Condition (Quiet vs Noise) 1.553 0.093 16.780 <0.001

Accent - British �0.595 0.065 �9.138 <0.001

Accent - German �0.707 0.069 �10.207 <0.001

Accent - Scottish �1.102 0.065 �16.992 <0.001

Accent - Mandarin �1.227 0.058 �21.253 <0.001

Accent - Hindi �2.145 0.054 �39.719 <0.001

Accent - Japanese �2.618 0.051 �50.651 <0.001

Age x Accent (British) 0.495 0.114 4.359 <0.001

Age x Accent (German) 0.023 0.119 0.191 0.849

Age x Accent (Scottish) 0.154 0.114 1.349 0.177

Age x Accent (Mandarin) 0.069 0.108 0.637 0.524

Age x Accent (Hindi) 0.642 0.102 6.284 <0.001

Age x Accent (Japanese) �0.101 0.095 �1.059 0.289

Condition x Accent (British) 0.663 0.110 6.051 <0.001

Condition x Accent (German) 0.975 0.120 8.096 <0.001

Condition x Accent (Scottish) 1.007 0.112 8.994 <0.001

Condition x Accent (Mandarin) 0.342 0.095 3.592 <0.001

Condition x Accent (Hindi) 0.601 0.090 6.695 <0.001

Condition x Accent (Japanese) �0.288 0.090 �3.186 0.001

TABLE II. Output of the mixed effects model that includes the fixed effects

of Age, Condition, and Accent (without interactions). Estimates correspond

to log odds of a correct response. The intercept corresponds to performance

in the Midland condition averaged over noise and age; the age estimate

indicates that the odds of a correct response increase by 1.566 for adults

compared to children; the condition estimate indicates that those odds

increase 1.913 for quiet compared to noise. Estimates for all accents are

negative; that is, the odds of a correct response are lower for all accents

than for the Midland dialect.

Estimate Standard error z-value p-value

Intercept (Midland) 4.085 0.068 60.49 <0.001

Age (Adult vs Child) 1.566 0.082 19.05 <0.001

Condition (Quiet vs Noise) 1.913 0.080 24.00 <0.001

Accent – British �0.957 0.046 �20.62 <0.001

Accent – German �1.013 0.049 �20.81 <0.001

Accent – Scottish �1.445 0.047 �30.66 <0.001

Accent – Mandarin �1.349 0.044 �30.98 <0.001

Accent – Hindi �2.461 0.042 �58.61 <0.001

Accent – Japanese �2.619 0.043 �61.58 <0.001
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distance score of 0. That is, these words did not differ from

the Midland dialect with respect to their phonemic transcrip-

tions. In addition, of course, all words produced by the

Midland speaker also had scores of 0 by definition. To first

assess the main effect of Levenshtein distance, we compared

a model that included fixed effects for age group (adult vs

child), noise condition (quiet vs noise), and distance to one

that omitted distance. Distance contributed significantly to

model fit (v2 ¼ 2030.4, p < 0.001), indicating that greater

distance (i.e., higher Levenshtein score) reduced the likeli-

hood of correct word identification (Fig. 3).

To investigate interactions among distance, age group,

and listening condition, we next built a model including all

three of these fixed effects along with their two- and three-

way interactions. This model was a better fit to the data than

one that omitted the three-way interaction (v2¼ 3.857 p
¼ 0.0495). To assess this significant three-way interaction, we

next fit separate models for quiet and noisy conditions with

age group, distance, and their interaction as fixed effects.

In quiet, the model including the interaction between

age and Levenshtein distance did not provide a significantly

better fit to the data (v2¼ 0.4559, p¼ 0.4996); indicating

that although the adults performed better than the children

overall, the effect of distance did not differ across the two

age groups in quiet (or, equivalently, the effect of age did

not differ across distance). In noise, the inclusion of the

FIG. 2. Each panel shows the relation between children’s age in months and word identification accuracy in quiet (light) and in noise (dark) for one of the

accents. Each dot represents a single child. Linear fits with standard errors are included to aid in visualization.

FIG. 3. Word recognition accuracy in quiet (left) and in noise (right) as a function of Levenshtein distance. Individual data points represent mean accuracy

for each age group at each distance. Lines represent model predictions with 95% confidence intervals.

4110 J. Acoust. Soc. Am. 150 (6), December 2021 Bent et al.

https://doi.org/10.1121/10.0008930

https://doi.org/10.1121/10.0008930


interaction effect significantly improved model fit (v2

¼ 5.3652, p ¼ 0.021): the effect of distance was steeper for

the children than for the adults.

D. Distance scores by accent

Across speakers, the proportion of words that received

Levenshtein scores above zero (i.e., deviated from the

Midland at the segmental level) varied considerably, ranging

from only 14% of words for the Scottish speaker (44/310) to

51% for the Japanese speaker (157/310). The distribution

Levenshtein scores for each talker are presented in Fig. 4.

To statistically investigate whether distance and accent

made independent contributions to accuracy, we built a

regression model that included fixed effects of age group,

accent, and condition (no interactions) and another one that

also included distance. The comparison of these models

revealed that distance significantly improved fit

(v2¼ 186.25, p< 0.001). That is, a model that included both

accent and distance fit the data better than one that included

accent only. The effects of distance and accent (in quiet and

noise for both age groups) are visualized in Fig. 5.

IV. DISCUSSION

This study examined word identification accuracy for

school-aged children and adults in both quiet and noise-

added conditions for seven different accents with one talker

representing each accent. These accents included the ambi-

ent native accent (Midland American English), non-native

accents (Japanese-, Mandarin-, and German-accented

English), less familiar native accents (British and Scottish

English), and a bilingual accent (Hindi/Indian English).

Thus, this dataset represents one of the broadest

investigations into how different accents impact word recog-

nition at two points in development. Further, this study is

the first to incorporate Levenshtein distances at the word

level into statistical models of word recognition.

The results showed the expected main effects of accent,

listening environment, and listener age on word recognition

accuracy: accuracy was lower for all non-ambient accents

than the ambient accent, for the noise-added condition than

the quiet condition, and for children than adults. Further, all

non-ambient accents were significantly more adversely

impacted by noise compared to the ambient accent. Some

interaction effects, however, diverge from prior work.

Specifically, we did not observe a statistically significant

interaction between age and listening condition (i.e., quiet

vs noise), which may seem surprising because there are

many reports in the literature of children having more diffi-

culty in noise compared to adults (Elliott et al., 1979; Fallon
et al., 2000). On average, adults correctly identified 98% of

the words in quiet (SD ¼ 0.15) and 90% in noise (SD

¼ 0.30), while the children correctly identified 91% in quiet

(SD ¼ 0.28) and 70% in noise (SD ¼ 0.46). The high degree

of variability in the children’s performance, therefore, ren-

dered the interaction non-significant even though they

dropped by 21% points from quiet to noise while the adults

dropped by only eight points. It is important to note that,

while the previous studies used analyses of variance

(ANOVAs) for data analysis, the current study used general-

ized linear mixed effects models. Because individual vari-

ability can be modeled with random effects, this analytical

approach controlled for individual differences in perfor-

mance that arise from general difficulty with speech in noise

or other cognitive and linguistic factors that depress perfor-

mance for children (e.g., immature cognitive abilities,

FIG. 4. Violin plots showing the distribution of distance metrics for all words in each of the non-ambient accents. Large dots indicate means, small dots indi-

vidual words. The total number of words per speaker was 310. All 310 have a distance of 0 for the Midland speaker by definition.
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including decreased attention and memory; or linguistic fac-

tors, such as smaller vocabulary sizes). Similarly, the inclu-

sion of random effects allowed us to control for differences

in item intelligibility that are not due to accent or noise

(e.g., lexical frequency). Finally, this analysis allowed us to

set the ambient accent (Midland American English) as the

reference level to which each other accent was compared

(obviating the need for post hoc comparisons).

When controlling for individual listener differences in

word recognition, we only observed interactions between

listener age (children vs adults) and talker accent for two of

our accents, British English and Hindi-accented English.

These interactions arose because children showed more

word recognition difficulty for these two accents relative to

Midland than adults. For the British talker, this difference

appears to be primarily driven by children’s performance in

the noise condition; that is, both children and adults showed

near-ceiling performance on the British talker in quiet; simi-

larly, adults were also highly accurate in noise, whereas

children showed substantial decrements with the British

talker in noise. In contrast, the interaction between age and

accent for the Hindi speaker can be seen in both the quiet

and noise conditions. Children have more difficulty than

adults with the Hindi speaker in quiet and show the lowest

performance for this talker in noise. The Hindi accent was

also the accent that demonstrated the largest age effect for

the child-only developmental analysis; children made sub-

stantial gains in understanding this speaker across the age

range tested here (5–7 years of age). These results

demonstrate that word recognition patterns and developmen-

tal trends will crucially depend on the specific talkers and

accents included in the study. Therefore, claims made about

children’s relative success or difficulty at overcoming diver-

gences from the ambient dialect at specific ages may not

always generalize to other accents or talkers. To obtain a

more complete understanding of children’s development of

coping with phonetic variability in unfamiliar accents, a

wider range of talker accents and listener ages are

necessary.

In many previous studies, advantages in word recogni-

tion for unfamiliar native over nonnative varieties were

observed (Adank et al., 2009; Bent and Holt, 2018; Bent

et al., 2016; Floccia et al., 2006; Goslin et al., 2012), while
others have shown different patterns (Evans and Lourido,

2019; Floccia et al., 2009b; Levy et al., 2019; Paquette-
Smith et al., 2020). The results here caution against strong

claims regarding the impact of talker native language status

on intelligibility. For example, although there was some var-

iation across age groups and listening conditions, the Hindi-

English speaker frequently had the lowest word recognition

accuracy scores, even though she is a native English

speaker. Similarly, listeners frequently showed similar or

better performance on the German- or Mandarin-accented

talkers than the Scottish talker. Although the Hindi-English

bilingual talker’s productions are influenced both by her

native variety (Indian English) as well as her status as a

bilingual speaker who grew up speaking both English and

Hindi, the Scottish talker was a monolingual English

FIG. 5. Word recognition accuracy (y axis) as a function of Levenshtein distance (x axis) in each accent for children and adults in quiet (top panel) and noise
(bottom panel). Each dot represents the average accuracy for the children (light) or adults (dark) for the associated Levenshtein score. Linear fits with stan-

dard errors are included to aid in visualization.
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speaker. Therefore, prior claims about nonnative accents

being more difficult or requiring different processing strate-

gies than native varieties for adults and/or children may

have arisen due to the specific varieties or talkers selected;

they should likely not be generalized to claims about differ-

ences in perception for native vs nonnative talkers more

broadly. In fact, even though the language learning situa-

tions are clearly different between native and nonnative

speakers, there may not be fundamental differences in how

listeners process regional vs nonnative varieties. Rather,

from the listener’s perspective, nonnative speech may fre-

quently be more difficult to understand due to substantial

phonemic deviations from the ambient dialect.

Rather than making assumptions about how particular

accents or classes of accents (e.g., native vs nonnative) may

impact word identification, these results suggest that it is

essential to characterize the accents included with objective

measures of distance from the ambient dialect. The inclu-

sion of the Levenshtein scores in this investigation is a first

step towards providing insight into how production distance

impacts word recognition accuracy. Here, we demonstrated

that Levenshtein distances were significant predictors of

word recognition accuracy. That is, as productions deviated

further from the ambient dialect norms, word recognition

accuracy decreased. Moreover, the impact of these distance

scores was different across the quiet and noise-added condi-

tions. In quiet, although adults performed better than the

children, the effect of distance did not differ for the two age

groups. In the noise-added condition, however, children

showed greater decrements in word recognition accuracy

with increasing distance from the ambient dialect than

adults. These results suggest that even in optimal listening

conditions, productions that diverged more substantially

from the ambient accent were harder for children and adults

to identify. In more effortful conditions, however, the map-

ping between the less familiar pronunciations and words in

their lexicons becomes increasingly difficult for children.

One explanation for this interaction is that the addition of

noise may decrease the cognitive resources available for

making these particularly challenging mappings. Another

possibility is that in addition to quantitative differences that

have been previously observed between adults and children

(Bent, 2018; Bent and Atagi, 2015; Bent and Holt, 2018),

there may be qualitative changes across development. That

is, children’s abilities to handle specific types of deviations

from the ambient dialect may change throughout develop-

ment. Although the data presented here cannot determine

whether there are qualitative changes across development,

future work should investigate how not only how the general

distance between the ambient and non-ambient productions

impact word recognition accuracy but also how specific

types of production differences may impact children and

adults differently. For example, future work could select

specific items that include pronunciation differences of vari-

ous types (e.g., consonant changes, differences in word

length, non-ambient phonemes, etc.) and compare children’s

and adults’ abilities to identify these items. Furthermore, we

used a binary scoring method in which incorrect responses

could have been of multiple types (e.g., no response, incor-

rect word, nonword). A more detailed analysis of the types

of responses provided by children and adults could provide

insight into whether there are qualitative differences in their

perception and/or response strategies. Other scoring metrics,

such as fuzzy string matching (Bosker, 2021), could also be

employed. These scoring methods could provide a more gra-

dient view into children’s and adults’ responses. That is, it is

possible that although a child and an adult both incor-

rectly perceived a word spoken in an unfamiliar accent,

the word retrieved by the adult could be closer to the tar-

get item than the child’s percept. Finally, the current pro-

cedures only measure word recognition accuracy but do

not necessarily tap into word or sentence comprehension.

Future studies could incorporate tasks such as word defi-

nitions (e.g., Nathan et al., 1998) or questions tapping

comprehension following the presentation of speech

samples.

The quantifications of accent distance may be useful

metrics to add into models and frameworks of speech

understanding. For example, “accented speech” is one of

the input-related factors in the Framework for

Understanding Effortful Listening (Pichora-Fuller et al.,
2016). Likewise, these quantifications could be incorpo-

rated into the Ease of Language Understanding model to

predict whether implicit or explicit processing of language

input would be required (R€onnberg et al., 2013). The results
here suggest that incorporating specific distance metrics

may be fruitful for precise modeling of word recognition

along with the other quantified factors in the models. The

use of Levenshtein distances also builds upon and comple-

ments other approaches quantifying pronunciation distance

among native and nonnative speakers. For example, Floccia

and colleagues have attempted to equate accent strength

across native and nonnative talkers by incorporating listener

accent ratings (e.g., Floccia et al., 2009a), but as they note,

the strategies used by listeners to make these ratings may

differ depending on whether the talker is perceived as a

native or a nonnative speaker (Floccia et al., 2009b). Other
work has directly measured the similarity of the talkers’

and the listeners’ accents to predict intelligibility, showing

that acoustic similarities in vowel spectral and duration

characteristics (as measured by ACCDIST; Huckvale,

2004) predict intelligibility (Pinet et al., 2011; Stringer and
Iverson, 2019). However, they require explicit measure-

ment of the specific listener’s accent and only capture infor-

mation about vowels.

Although Levenshtein scores are a first step in quantify-

ing distance from the ambient dialect, they only capture dis-

tance at the phoneme level. Words receiving zero scores are

not necessarily produced as a Midland speaker would pro-

duce them. Differences at the sub- or supra-segmental levels

are not captured by this metric. More fine-grained metrics

including quantification of narrow transcription or specific

acoustic-phonetic measurements should be incorporated into

perception studies as well. It could be particularly fruitful to
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investigate word recognition accuracy across words that

received Levenshtein scores of zero (i.e., did not differ pho-

nemically from the Midland speakers). The characteristics

of words that were difficult to identify even without phone-

mic deviations could then be more precisely determined.

This approach would build upon work using word learning

paradigms showing that toddlers’ abilities to generalize

newly learned words across talkers are hindered by produc-

tions in which productions cross a phoneme boundary com-

pared to productions with sub-phonemic differences

(Newman et al., 2018).
The Levenshtein scoring method employed here also

did not account for the frequency with which certain types

of errors were present (Wieling et al., 2014a). That is, devia-
tions that are more common may be more easily overcome

during word recognition than productions that occur less fre-

quently or are less familiar. Here, for example, if a talker

substituted an alveolar stop for an interdental, they would

receive the same penalty as if they substituted a fricative

with a different place of articulation (e.g., /z/ for /ð/). The

stop substitution may be familiar to listeners due to its fre-

quency in a number of dialects spoken within (e.g., African

American Language, New York City dialects) and outside

the U.S. as well as in children’s speech. There is also evi-

dence that children are better and faster at identifying words

with more common than less common misarticulations

(Krueger et al., 2018). A larger corpus than that used in the

current study would be needed to obtain measures of fre-

quency across different production differences. In addition,

the Levenshtein measure used here does not capture infor-

mation about variability within a speaker. Although assump-

tions about nonnative speakers’ productions being more

variable—and consequently yielding a greater challenge for

the listener—have recently come into question (Vaughn

et al., 2019), the exploration of how production variability,

in addition to distance, would be valuable. Finally, future

research into adaptations of the Levenshtein algorithm

should investigate whether penalty weights should be

adjusted depending on listening conditions. For example,

the adaptation used here from Levy et al. (2019) assigned
higher penalties for consonant substitutions than vowel sub-

stitutions, but it is possible that vowel substitutions may

have a greater impact on intelligibility in noisy environ-

ments while consonant substitutions could be more detri-

mental in quiet conditions.

The different relations between Levenshtein scores and

word recognition accuracy across the accents suggest that

some accents or talkers may have other aspects of their pro-

ductions that are leading to reductions in word recognition

accuracy that are not related to phonemic distance.

Although all talkers had words that substantially deviated

from the Midland dialect, children and adults were still able

to overcome these deviations for some talkers showing high

word recognition accuracy across Levenshtein scores (e.g.,

for the German-accented talker). In contrast, some talkers

(e.g., the Hindi- and Japanese-accented talkers) showed very

steep declines with increasing Levenshtein scores. There are

several possible explanations for this result. First, in addi-

tion to the segmental deviations captured by the

Levenshtein scores, these talkers may have produced supra-

segmental deviations that, in combination with the segmen-

tal deviations, made word recognition more difficult. The

Levenshtein metric does not capture differences in supraseg-

mentals, including possible deviations in stress, intonation,

or rhythm. Future work should continue to quantify distan-

ces in these other dimensions to determine how individually

or in combination these differences from the ambient dialect

impact word recognition across development and in differ-

ent listening conditions. Second, scoring in this study was

done at the word level without reference to word type (e.g.,

function vs content word), word characteristics (e.g., word

frequency) or word position within a sentence, all factors

that could impact word recognition (e.g., Howes, 1957). It is

possible that the same types of deviations from Midland

norms would have different effects depending on these lexi-

cal and sentential factors. For example, a substitution such

as /E/ for /@/ in “the” may have a quite different impact on

word identification than a similar substitution pattern in a

content word (e.g., /E/ for /ˆ/ in “funny”). Third, factors

about the preceding or following words also may impact the

level of difficulty beyond the production characteristics of

the target word. For example, two talkers could have a word

with an identical Levenshtein score, but one of the talkers

may have had overall higher Levenshtein scores and more

words with non-zero scores than the other talker. Thus, the

talker with more phonemic deviations overall would likely

have multiple words within a single sentence that deviated

from Midland norms. In contrast, a talker with a lower over-

all Levenshtein score (e.g., the German-accented talker)

could have sentences with only a single word that deviated

from Midland norms. The listeners’ abilities to identify a

word that deviated from native norms in sentences where all

other words were produced in a more familiar way would be

easier than the same production where many of the other

words are also produced in ways that challenged the lexical

mapping process. Further, because listeners use context to

aid in word recognition in difficult listening conditions (e.g.,

Holt and Bent, 2017; Kalikow et al., 1977), a word that was

misidentified early in a sentence because of its phonemic

deviations may impact word recognition later in the sen-

tence even for words with similar Levenshtein scores.

Although this study provided a broad investigation into

perception of unfamiliar accents by adults and children,

there are still several limitations to the design. First, there

was only one talker representing each accent. Therefore,

claims about the accent cannot necessarily be generalized

beyond the specific talker included in this study. For exam-

ple, our German-accented talker was relatively easy for our

listeners to understand, but, of course, a German-accented

talker with a stronger accent whose productions diverged

further from Midland norms would presumably be more dif-

ficult for listeners to understand. Similarly, British or

Scottish talkers with different residential histories or socio-

economic statuses may have different production patterns
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than the talkers we employed here, again impacting word

recognition in different ways. Future work should include

multiple talkers representing each accent with quantification

of their segmental deviations from the ambient dialect to

determine which aspects of the patterns observed here can

be generalized more broadly to an accent and which are

more idiosyncratic and reside at the talker level. The stimuli

were also limited to short, read sentences with simple, early

acquired vocabulary. With spontaneous speech, longer sen-

tences, or speech with more complex vocabulary, produc-

tion differences across native and nonnative speakers (e.g.,

differences in fluency or speech rate) may become more

apparent and have larger impacts on listener perception. In

particular, it will be essential to assess materials that may be

more challenging for adults to determine how lexical and

syntactic aspects of the stimuli would interact with pronun-

ciation distance and/or noise for materials that increase task

difficulty. Therefore, future studies should also incorporate

a wider range of materials.

V. CONCLUSION

The results from this study point to the need for further

development of objective methods for quantifying pronunci-

ation distance and relating these measures to perceptual pat-

terns in children and adults. This study provided a step in

this direction by investigating the relation between

Levenshtein distances, a measure of phonemic distance, and

school-aged children’s and adults’ perception of multiple

native and nonnative accents. The results showed that

Levenshtein distances related to word recognition accuracy

for both adults and children. Furthermore, Levenshtein dis-

tance and listener age interacted in the noise condition, such

that children had increasing difficulty identifying words

compared to adults as pronunciation distance from the ambi-

ent accent increased. Future studies of adults’ and children’s

perception of less familiar accents should continue to incor-

porate measures of phonemic distance and begin to quantify

divergences from the ambient dialect at the sub- and supra-

segmental levels.

ACKNOWLEDGMENTS

We would like to thank our research assistants who

helped with data collection and phonemic transcription:

Lindsey Altum, Megan Hancock, Jada Hudgins, Yi Liu,

Katherine Miller, Mon�e Skratt Henry, Melissa Martin, Ali

Stallons, and Amy Warrington, as well as our funding from

the National Science Foundation (Award Numbers:

1941691, 1941662, and 1461039). We would also like to

acknowledge the Center of Science and Industry for their

support of this work along with all the participants and their

families.

APPENDIX

Fixed effects output for analysis of children’s

performance:

1. Model with three-way interaction among age,
accent, and condition (quiet vs noise):

accuracy � age_scaled * accent * condition

þ (1 j participant) þ (1 j list_sent_word)
Fixed effects:

2. Children’s data in quiet only:

accuracy � age_scaled * accent þ (1 j participant)
þ (1 j list_sent_word)
Fixed effects:

Estimate Std.Error z value p-value

(Intercept) 3.214512 0.073682 43.627 < 0.001 ***

age_scaled 0.396206 0.056569 7.004 < 0.001 ***

British �0.827762 0.065645 �12.610 < 0.001 ***

Mandarin �1.261099 0.055238 �22.830 < 0.001 ***

German �0.744486 0.069116 �10.772 < 0.001 ***

Hindi �2.464970 0.052086 �47.325 < 0.001 ***

Japanese �2.602196 0.054604 �47.656 < 0.001 ***

Scottish �1.192999 0.064301 �18.553 < 0.001 ***

condition 1.655129 0.114053 14.512 < 0.001 ***

age_scaled:British 0.070997 0.064054 1.108 0.0267685

age_scaled:Mandarin �0.038741 0.053825 �0.720 0.471675

age_scaled:German 0.015642 0.066186 0.236 0.813173

age_scaled:Hindi 0.038733 0.051287 0.755 0.450111

age_scaled:Japanese �0.175041 0.053705 �3.259 0.001117 **

age_scaled:Scottish 0.028885 0.062003 0.466 0.641313

age_scaled:condition 0.021333 0.113017 0.189 0.850279

British:condition 0.647714 0.131064 4.942 < 0.001 ***

Mandarin:condition 0.372591 0.110162 3.382 < 0.001 ***

German:condition 0.875598 0.137856 6.352 < 0.001 ***

Hindi:condition 0.609695 0.103373 5.898 < 0.001 ***

Japanese:condition �0.408799 0.108250 �3.776 < 0.001 ***

Scottish:condition 0.903670 0.128232 7.047 < 0.001 ***

age_scaled:British:cond �0.004809 0.128102 �0.038 0.970057

age_scaled:Mandarin:cond �0.243765 0.107594 �2.266 0.023476

age_scaled:German:cond 0.075120 0.132178 0.568 0.569814

age_scaled:Hindi:cond �0.290351 0.102388 �2.836 0.004571 **

age_scaled:Japanese:cond �0.222612 0.107397 �2.073 0.038192

age_scaled:Scottish:cond �0.077232 0.123773 �0.624 0.532642

Estimate Std.Error z value p-value

(Intercept) 4.09455 0.09678 42.308 < 0.001 ***

age_scaled 0.40863 0.07641 5.348 < 0.001 ***

British �0.50240 0.11290 �4.450 < 0.001 ***

Mandarin �1.08866 0.09237 �11.786 < 0.001 ***

German �0.29014 0.11993 �2.419 0.01555 *

Hindi �2.18872 0.08440 �25.933 < 0.001 ***

Japanese �2.82900 0.08816 �32.091 < 0.001 ***

Scottish �0.72814 0.10946 �6.652 < 0.001 ***

age_scaled:British 0.09052 0.10993 0.823 0.41027

age_scaled:Mandarin �0.15060 0.08565 �1.758 0.07870

age_scaled:German 0.02744 0.11185 0.245 0.80620

age_scaled:Hindi �0.10057 0.07929 �1.268 0.20467

age_scaled:Japanese �0.25863 0.08670 �2.983 0.00285 **

age_scaled:Scottish �0.03883 0.10281 �0.378 0.70564

J. Acoust. Soc. Am. 150 (6), December 2021 Bent et al. 4115

https://doi.org/10.1121/10.0008930

https://doi.org/10.1121/10.0008930


3. Children’s data in noise only:

Accuracy � age_scaled * accent þ (1 j participant) þ
(1 j list_sent_word)
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