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Social category information plays a central role in speech perception and processing. To date, 

research on this topic has struggled to model how social category perceptions evolve over the time 

course of an interaction. In this article, we build on recent methodological developments to inves-

tigate trajectories of listener perceptions, focusing on how impressions change as linguistic, so-

cial, and contextual details emerge. We base our arguments on an analysis of listeners’ real-time 

evaluations of the perceived competence of speakers of two British regional accents during a 

mock interview for a job in a law firm. Results indicate a need to move away from the view, pre-

dominant in sociolinguistics, of category perception as a discrete phenomenon and toward a 

model of perception as inference under uncertainty. We discuss implications for theories of so -

ciolinguistic cognition and for understandings of accent bias.* 
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1. Introduction. Associating linguistic forms with social categories is central to 

speech perception and processing. Over the past twenty years, research has demon-

strated that these associations play a crucial role in phenomena as diverse as phoneme 

discrimination (e.g. Johnson, Strand, & D’Imperio 1999, D’Onofrio 2015), lexical ac-

cess (e.g. Walker & Hay 2011, Kim & Drager 2018), language comprehension (e.g. 

Babel & Russell 2015, Lev-Ari, Ho, & Keysar 2018), and language change (e.g. Har-

rington et al. 2018), not to mention speaker evaluation and impression formation (e.g. 

Campbell-Kibler 2008, Preston 2010, Levon 2014). Insights from these studies have al-

lowed us to develop sophisticated models of speech processing and perception, and the 

various social, psychological, and cognitive factors that constrain it.  

Yet to date, such studies have tended to abstract away from the inherently temporal 

dimension of language—the fact that social category perceptions unfold in real time 

with cumulative exposure to linguistic input. Research has instead tended to focus on 

how perceptual outcomes affect downstream processing. Niedzielski (1999), for exam-

ple, demonstrates that listeners’ classifications of different variants of the onset of the 

mouth diphthong in English depend on whether listeners were primed to believe the 

speaker was Canadian or American (see also Hay & Drager 2010). Similarly, Pharao et 

al. (2014) show that, among the listeners they tested, evaluative judgments of fronted 

[s] in Danish depended on listeners’ beliefs about the speaker. In both studies, process-

ing and evaluation depend on a prior judgment of social category membership.  

The role of context in social category perception has been noted in recent work. 

Hilton and Jeong (2019), for instance, show that the common or stereotypical meanings 

of certain linguistic variants can be obscured by contextual enrichment, rendering fea-

tures indexically inoperative in certain contexts (see also Campbell-Kibler 2009 on so 

called ‘bullet-proofing’ and Dragojevic & Giles 2014 on reference frames). Levon and 

Ye (2020) similarly argue that uptalk in Standard Southern British English takes on dif-

ferent meanings depending on whether it is used in a (mock) rape trial or a (mock) med-
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ical malpractice trial. These studies demonstrate that perceived meanings do not exist in 

a vacuum, but rather arise in specific situated contexts (Eckert 2012). But in this more 

recent work too, the temporal dimension and the fact that contextual information itself 

unfolds over time has not been the focus.  

With some notable exceptions, studies of social processing effects have mostly relied 

on fixed situational contrasts and retrospective evaluations, that is, endpoint evalua-

tions offered after an impression of a speaker and/or context has been formed. How-

ever, linguistic perception is inherently temporal: we encounter language in real time, 

and our classifications and evaluations of speakers evolve as we are exposed to addi-

tional information from the ongoing speech stream. As both accent and content/context 

unfold, participants make fast online decisions about whether to integrate new informa-

tion and update their prior beliefs about the situation. Understanding how listeners dy-

namically update their evaluations over the course of an interaction is a crucial, and 

currently largely missing, component of a comprehensive model of sociolinguistic per-

ception. How much do sociolinguistic processing and judgments change in real time? 

Does this differ across individuals? In short, what is the process that leads to the many 

outcomes (evaluations) we have seen in the literature to date? 

In this article, we build on recent methodological developments in tracking listener 

evaluations in real time (Watson & Clark 2013, 2015, Hesson & Shellgren 2015, Mont-

gomery & Moore 2018, Levon, Buchstaller, & Mearns 2020, Austen & Campbell- 

Kibler 2022) to investigate the trajectory of the listener evaluation process. We focus on 

how impressions change over the course of an utterance, as linguistic, social, and contex-

tual detail emerges, and whether these change in the same way for different listeners and 

talkers. To do so, we move away from a static and discrete view of linguistic variants as 

either signaling category membership or not. Instead, we ground our discussion in a 

Bayesian view of perception as inference under uncertainty (Frank & Goodman 2012, 

Kleinschmidt & Jaeger 2015, Kleinschmidt, Weatherholtz, & Jaeger 2018, Burnett 

2019), whereby listeners link variants to categories probabilistically. As the speech 

stream continues and new information is encountered, probabilities may be adjusted and 

listener impressions evolve. Only by examining evaluations from this time-linked per-

spective, we argue, can we gain insight into the process of impression formation itself. 

We begin with a brief overview of current models of sociolinguistic perception and 

evaluation, focusing primarily on Niedzielski and Preston’s (2003) procedural model of 

language regard. We then describe how this model can be integrated with a dy-

namic, probabilistic approach to perception and category activation taken in cognitive 

science (Kleinschmidt & Jaeger 2015). We go on to present an analysis of listeners’ 

real-time evaluations of the perceived competence of speakers of two British regional 

accents during a (mock) interview for a job in a law firm. Using a series of general-

ized additive mixed models (GAMMs; Wood 2017) of listener evaluations across the 

full time course of a speaker’s utterance, we show that listeners’ initial evaluations are 

affected in different ways by unfolding content and context, which shapes the trajec-

tory of impression formation. Some evaluation trajectories show early updating, while 

others show late or minimal change, and these differences relate to listener age and 

talker accent. We discuss implications for current models of sociolinguistic cognition 

such as language regard. Drawing on theories of dynamic person construal (Freeman et 

al. 2008, Freeman et al. 2010) in psychology, we also propose trajectory bias as an 

important component of accent bias.  

2. Pathways of sociolinguistic perception. The study of listener attitudes and 

impressions has been central to the sociolinguistic enterprise since the inception of the 
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field (Labov 1972, Kristiansen 2010). Various models have been proposed for the un-

derlying sociocognitive process leading to these evaluative outcomes. The most estab-

lished within sociolinguistics is Niedzielski and Preston’s (2003) procedural model of 

language regard.  

For Niedzielski and Preston, the first step of sociolinguistic perception is ‘noticing’, 

a process of form-based discrimination. Noticing requires a listener to recognize (at 

whatever level of conscious awareness) that a given linguistic output is one option 

among several, thus setting up a contrast between the realized form and alternatives. 

Noticing is sensitive to a variety of factors, often described under the rubric of salience 

(Kerswill & Williams 2002, Drager & Kirtley 2016). These include properties of lin-

guistic variables themselves (such as their psychoacoustic prominence or their semantic 

transparency; e.g. Silverstein 1981, Yaeger-Dror 1993, Preston 1996) and the condi-

tions under which a reaction has been elicited (Kristiansen 2009, McKenzie & Carrie 

2018). Once a linguistic form has been noticed, Niedzielski and Preston (2003) argue 

that it is then ‘classified’, that is, associated with a given social group or speech context. 

Classification relies on the prior existence of a cultural model (Gal 2016), stored in 

memory, that links particular ways of speaking with particular speakers and situations. 

Like noticing, classifying is also subject to a range of external factors, including the so-

cial and/or linguistic context (Campbell-Kibler 2011, Levon 2014, Pharao et al. 2014), 

the cumulative distribution of variants across an utterance (Labov et al. 2011, Wagner & 

Hesson 2014, Levon & Buchstaller 2015), and a listener’s prior experience with a rele-

vant feature (Walker & Hay 2011, Hay, Drager, & Gibson 2018). Via a process of acti-

vation spreading, classification of a form as belonging to a particular social category 

leads to the third step, namely ‘imbuing’ a form with various affective and evaluative 

meanings associated with that category (Macrae & Bodenhausen 2001). These imbued 

meanings give rise to observed behavioral reactions to language, the fourth and final 

step, which includes both reactions that involve more cognitive deliberation (e.g. sub-

jective evaluations; Cargile et al. 1994, Cargile & Giles 1997) and those that do not 

(e.g. phonetic imitation in a lexical shadowing task; Babel 2012, and see also Pantos 

2019). Over time, the link between classifying and imbuing can become routinized, 

leading to the formation of automatic associations, stored in memory, between linguis-

tic forms and evaluative meanings (Preston 2019). 

This nuanced model was developed over the last twenty years using retrospective 

(endpoint) evaluations. Recent work has begun to explore listener reactions across the 

time course of an utterance. A real-time approach to the study of sociolinguistic percep-

tion was first adopted by Watson and Clark (2013, 2015). Using a bespoke real-time re-

action tool, Watson and Clark (2013) considered the extent to which judgments of the 

perceived status of speakers from two locations in northwest England were affected by 

merged tokens of nurse and square at the moment of encountering them. Listeners’ 

sensitivity was dynamic, constrained not only by general properties of the variants 

(whether they coincide with standard British pronunciations) but also by the unfolding 

linguistic context (whether the nonstandard pronunciation was encountered before or 

after a standard token). Watson and Clark (2015) largely replicate this finding with four 

further varieties. Levon, Buchstaller, and Mearns (2020) apply Watson and Clark’s 

(2013, 2015) real-time reaction tool to examine the cumulative real-time effect of pho-

netic and morphosyntactic features of Newcastle English on the perceived status of a 

speaker, and they provide further support for the idea that impression formation is dy-

namic and evolves over the course of an utterance (see also Hesson & Shellgren 2015).  

The above studies focus on the final step in the language-regard process, the evalua-

tive reaction. Montgomery and Moore (2018) examine the earlier steps of noticing and 
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classifying. Using a new reaction tool, they asked respondents to listen to speakers from 

the Isles of Scilly, off the southwest coast of England, and to indicate, while listening, 

any time they encountered a feature that might give information about where the 

speaker was from. Montgomery and Moore found that the content of the extract and 

other co-present phonetic variants influenced whether features were noticed and how 

they were classified. With a more global evaluation task, Austen and Campbell-Kibler 

(2022) found that continuous evaluation did not closely track specific cues, and that in-

the-moment and after-the-fact ratings may engage different cognitive processes.  

The findings of these prior studies resonate with recent proposals in social psychol-

ogy to adopt a less mechanistic understanding of how language attitudes emerge, and to 

conceptualize the evaluation process as one of active sense-making within a situated so-

cial context (Giles & Marlow 2011, Giles & Rakić 2014). Giles (2011) describes such 

sense-making as a product of motivated information management (Afifi & Weiner 

2004), whereby a listener becomes aware of the difference between their current level 

of uncertainty regarding a particular topic (e.g. their evaluation of a speaker) and their 

desired level of uncertainty. This ‘uncertainty gap’ leads listeners on a targeted search 

for information that they believe—given the current interactional context, as well as 

their own social histories and experiences—will allow them to achieve their desired 

knowledge state. As additional information is acquired, a listener’s uncertainty gap 

shifts, leading them to reassess what information it is useful for them to attend to in the 

speech signal.  

Giles’s (2011) dynamic characterization of perception as the management of uncer-

tainty in real time provides an elegant conceptual framework for capturing the kinds of 

contextual variability found in the recent sociolinguistic perception work reviewed 

above. The model of language regard complements this by identifying the stages of lin-

guistic perception and the subtle factors that facilitate or inhibit activation of social rep-

resentations. However, the model has taken a relatively static binary focus for 

classifying category membership, namely whether or not a category has been activated.  

In order to capture the reality of uncertainty in real time, we propose replacing the idea 

of activation as discrete and categorical (on or off ) with a probabilistic model. In a for-

mulation reminiscent of the ‘uncertainty gap’, Kleinschmidt and Jaeger (2015) describe 

the perception of both social and linguistic information as a process of inference under 

uncertainty (see also Kleinschmidt, Weatherholtz, & Jaeger 2018; Burnett 2019 takes 

a similar approach). We follow Kleinschmidt and Jaeger (2015) here, but several recent 

psycholinguistic models have proposed similar dynamic interactive systems (see Getz & 

Toscano 2021 for a review). Similarly for category activation, Casasanto and Lupyan 

(2015) take account of dynamic, contextual, and experiential timescales and offer a re-

view of earlier work that emphasizes this dynamic perspective.  

Rather than treating linguistic forms as simply activating categories, Kleinschmidt et 

al. argue that they activate conditional probability distributions, that is, inferential cal-

culations of the likelihood that a given social meaning should be inferred by a particular 

form in a specific context. Crucially, probabilistic models treat these inferences as sub-

ject to continuous updating as new information is encountered.  

The suggestion by Kleinschmidt and others to treat perception as a process of dy-

namic competition between multiple, partially activated meanings is an important first 

step toward a more socially and psychologically realistic model of the role of language 

in social impression formation. Focusing on competition among meaning potentials is 

also in keeping with recent advances in work on sociolinguistic production, which has 

argued forcefully that linguistic forms are linked to a variety of potential meanings 
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rather than to an exclusive one (e.g. Eckert 2012), as well as with current exemplar- 

theoretical accounts in phonology and psycholinguistics, in which competition among 

multiple possible underlying representations is crucial (Johnson 2006, Sumner et al. 

2014, Hay 2018).  

In the present study, we uncover this incremental updating of initial probabilities 

(‘priors’, in Bayesian terms) in real time, as context unfolds. In line with recent research 

reviewed above, the findings demonstrate differential degrees of influence exerted by 

the unfolding context on the emergent social interpretation of linguistic forms and on 

perceptual outcomes for different listeners. We examine listeners’ real-time evaluations 

of speakers of two socially differentiated British accents (Received Pronunciation and 

Multicultural London English) in a particular situational context (a job interview in a 

law firm). Doing so allows us to consider how both long-standing hierarchies of accent 

prestige in Britain—priors, in the minds of listeners—and immediate situational expec-

tations and content affect the impression-formation process. Unlike most previous work 

on real-time judgments of speech (though cf. Hesson & Shellgren 2015), we do not 

concentrate only on listeners’ reactions to particular accent features. We consider the 

full trajectory of perceptual responses over time for a holistic picture of the social and 

cognitive processes underlying perception and speaker evaluation.  

3. Method. 

3.1. Background. This study is part of a larger project (Levon, Sharma, & Watt 

2017–2021) investigating current attitudes toward accent variation in the UK and the 

extent to which these attitudes may impede professional advancement for certain social 

groups. Social mobility is widely considered to be stagnant in the UK (Social Mobility 

Commission 2019). Despite repeated government commitments to tackle the issue 

(Cabinet Office 2011, Mason 2013), research has demonstrated that upward income 

mobility in Britain has declined over the past fifty years (e.g. Blanden, Gregg, & 

Machin 2005), that elite professions like law and medicine continue to be dominated by 

people from socially and economically privileged backgrounds (Friedman, Laurison,  

& Miles 2015), and that the social status of one’s family remains the strongest predictor 

of attained levels of wealth, education, and asset ownership in the UK (Clark 2014).  

It is well known that, particularly in the UK, accent encodes many of the social con-

trasts (e.g. ethnicity, parental social class, region of origin) that underpin these differ-

ences in attainment. For centuries, accent has played a constitutive role in signaling class 

and education in British society (Shaw 1916, Sheridan 1762, Mugglestone 2007), fueling 

discriminatory stereotypes about speakers of nonstandard varieties. Accent is a very 

likely contributor to observed patterns of employment bias and unequal access in Britain.  

The Accent Bias in Britain project adopts a multimethod approach to examining atti-

tudes toward accents and their effect on social mobility. Project research to date has in-

cluded a nationwide survey of the UK public’s explicit evaluations of accent labels 

(Sharma, Levon, & Ye 2021), verbal-guise studies of judgments of professional compe-

tence of speakers of five accents in England among both expert and nonexpert listeners 

(Cardoso et al. 2019, Levon et al. 2021), and experiments assessing the effectiveness of 

anti-bias interventions in reducing accent-based disparities (Ye et al. 2020). The current 

study adds the dimension of listeners’ perceptual reactions in real time. We aim to ad-

dress three primary questions: 

ii(i) How do attitudes toward language and evaluative impressions of speakers 

form during the time course of listening, and do these evaluation trajectories 

differ across individuals? 
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i(ii) How do trajectories of listeners’ dynamic evaluations compare to more com-

monly used retrospective ratings? 

(iii)   What does this kind of real-time analysis add to current understandings of per-

ception and evaluation as a social and psychological process, and how does 

this impact the ways we approach accent bias and discrimination in society? 

3.2. Design. We conducted a verbal-guise study (Cooper & Fishman 1974) with a 

graphical sliding scale to capture listeners’ real-time evaluations of speakers of two En-

glish accents: Received Pronunciation (RP) and Multicultural London English (MLE). 

RP is the national standard accent in England, historically associated with prestige and 

authority (Fabricius 2005, Mugglestone 2007). While attitudes toward RP may have 

shifted somewhat over the past three decades, studies have shown that RP remains the 

most overtly prestigious accent in the British language ideological landscape (Giles 

1970, Coupland & Bishop 2007, Sharma et al. 2021). MLE, in contrast, emerged more 

recently, over the last twenty years, within multiethnic, working-class adolescent 

friendship groups in Inner London (Cheshire et al. 2008, 2011, Fox 2015). Though 

MLE carries local prestige, particularly among young people, there is evidence of wider 

negative bias against MLE speakers (Kircher & Fox 2019, Levon et al. 2021). We there-

fore chose to compare listeners’ real-time reactions to RP versus MLE because they sit 

at opposite ends of the prestige hierarchy in Britain today. (A list of phonetic features 

observed for each accent in the recordings is provided in Appendix A.) 

Materials. Stimuli for the present study were drawn from the pool of stimuli devel-

oped as part of Levon et al. 2017–2021. For the larger project, we recorded ten young 

men (aged eighteen to twenty-five) who were native speakers of five different regional 

accents in England (two speakers per accent). The stimuli consisted of fifteen short  

(c. thirty-second) mock responses to questions asked in an interview for a junior lawyer 

position in a law firm. Our focus on law firm interviews provides listeners with a spe-

cific social context in which norms of prestige, knowledge, and competence are rele-

vant. The content of the responses was developed in close consultation with lawyers on 

the project’s advisory board, and covered a range of typical interview topics, some re-

quiring technical legal expertise and some about more general professional skills. Writ-

ten versions of all question–response pairs were pretested on a group of twenty lawyers 

otherwise unrelated to the project, who confirmed their naturalness and relative quality. 

We aimed for response quality that would be judged as neither very good nor very bad, 

since research in psychology has demonstrated that peripheral cues (like accent) play a 

more active role in determining evaluative judgments when the content to be evaluated 

is ambiguous (e.g. Chaiken & Maheswaran 1994).  

Recorded stimuli were post-processed to remove disfluencies or hesitation markers, 

to standardize intensity (at 70 dB), and to ensure that mean pitch levels of all recordings 

were comparable. We did not control for speaking rates across speakers, under the as-

sumption that speech rate may itself be a dialect feature (e.g. Jacewicz, Fox, & Salmons 

2007). Recordings were pilot-tested with (i) ten linguists with expertise in British di-

alect variation to confirm that the recordings provided accurate representations of the 

target accents, (ii) sixty-eight listeners from the UK general public to confirm that 

speakers for a given accent were evaluated similarly in terms of traits like perceived 

‘masculinity’ and ‘friendliness’, and (iii) an additional 130 listeners from the UK gen-

eral public to confirm that the recordings did not sound ‘fake’ or ‘forced’. 

For the present real-time study, we selected four pairs of mock answers, one set pro-

duced by a speaker of RP and the other by a speaker of MLE (see Appendix A). Two 
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questions required expert legal knowledge and two were about more generic profes-

sional skills, allowing an examination of the effect of expert content while controlling 

for question-specific effects. We recognize that using one speaker per accent potentially 

limits the generalizability of our findings, but rely on the cross-question comparison to 

provide a kind of sample-internal replication. The stimuli were selected from the larger 

set of question–response stimuli based on their similar density of MLE features and 

similar retrospective ratings within accent (Levon et al. 2021).  

Participants. Stimuli were presented to 160 UK-based listeners via an online sur-

vey (built in Qualtrics). Listeners, who all reported speaking English as a native lan-

guage, were recruited via Prolific, a web-based platform for locating participants from 

the general public. Of the 160 respondents, fifty-seven identified as men, 102 identified 

as women, and one identified as neither a man nor a woman. Respondents ranged in age 

from eighteen to seventy-three, with a median age of thirty-seven. We did not collect in-

formation on respondents’ ethnicity or social-class background as these parameters 

were not shown to constrain attitudinal responses in our previous studies (e.g. Levon et 

al. 2021). 

Procedure. In the experiment, listeners were told that they would be providing two 

types of evaluations of candidates for a trainee solicitor position at a commercial law 

firm in the UK. The first type of evaluation was a continuous rating of the candidate 

using a graphical sliding scale on the computer screen while the candidate was respond-

ing to the question (see Figure 1). The sliding scale, which was built specifically for the 

project and integrated into the Qualtrics survey, was anchored at 0/Doing poorly, on  

the left, and 100/Doing well, on the right. The slider was positioned at 50 (neutral) at 

the start of each recording, and respondents were instructed that they could move the 

slider whenever their judgment of the candidate’s likelihood of doing well in the inter-

view changed. Rating movement typically started two seconds after the start of the 

stimulus. Respondents received immediate numeric feedback directly above the scale 

as they moved the slider right and/or left, so they were always aware of the slider’s nu-

meric position on the scale. The second type of evaluation was an additional retrospec-

tive (post-audio) judgment of how well the candidate had done overall and the extent to 

which the candidate’s response had displayed expert knowledge.  
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Following a practice trial (using a North American voice) to familiarize them with 

the rating instruments, respondents listened to and evaluated four experimental stimuli, 

two from each accent (RP, MLE). For each accent, respondents heard one response re-

quiring technical expertise (‘expert’ response) and one response about more general 

professional skills (‘nonexpert’ response). In this way, respondents heard and evaluated 

both an expert and a nonexpert response per accent, never hearing the same response 

twice. The order of response types (expert, nonexpert) and speaker/accent (RP, MLE) 

was counterbalanced across the respondent population. After having heard and evalu-

ated all four stimuli, respondents provided basic demographic information. They also 

completed a short questionnaire about how important it is to them to appear nonprejudi-

cial in their interactions with others. The questionnaire was designed to measure re-

spondents’ motivation to control a prejudiced response (MCPR; Dunton & Fazio 

1997), an individual difference measure of the extent to which respondents are driven to 

engage in more deliberative, as opposed to more automatic, processing as a way of 

avoiding potentially prejudiced reactions. Our prior work using retrospective evalua-

tion methods showed MCPR to significantly constrain attitudinal outcomes (Levon et 

al. 2021), so we wished to test for any such effects on trajectories of attitude formation.  

Modeling. Respondents’ real-time evaluations were examined via a series of 

GAMMs (Wood 2017; see also Sóskuthy 2017) using the mgcv package (Wood 2011) 

in R version 4.0.2 (R Core Team 2020). GAMM modeling was chosen as it allows us to 

examine the entire trajectory of evaluations across time without assuming an a priori 

shape of the response curves, and to consider the effect of both fixed and random fac-

tors on the trajectories observed. The graphical sliding scale that we used automatically 

recorded every change in rating with an increment of at least one (on a graphical scale 

of 1–100) and associated that change with a time stamp (sensitive to 1 ms). For the pur-

poses of GAMM modeling, scores were converted to standardized polls of the slider 

position at 100 ms intervals. For example, if a respondent moved the graphical slider at 

150 ms from 50 (the starting point) to 75, this was recorded as a rating of 50 at 100 ms 

and 75 at 200 ms. This resulted in approximately 300 ratings per respondent for each of 

the thirty-second stimuli. We subsequently collapsed these fine-grained response inter-

vals into one-second intervals (i.e. the position of the slider at 1 s, 2 s, etc.) in order to 

allow for easier model computation and to reflect the likely granularity involved in 

moving a graphical sliding scale after encountering a linguistic feature.  

Prior to modeling, real-time measures were converted to relative time (percent time 

of the stimulus) in order to allow for comparisons of response trajectories across speak-

ers, who had slightly different speech rates. Separate models were built for each of the 

four question–response pairs to allow us to examine the effect of stimulus content on 

evaluation trajectories. All models were manually stepped down from maximal models, 

which included parametric terms (fixed effects) for accent and order of presentation; 

smooth terms (curves) for relative time, respondent age (mean-centered and standard-

ized), and respondent MCPR (mean-centered and standardized); difference smooths for 

relative time, respondent age, and respondent MCPR by accent (to determine whether 

the curves associated with these factors vary across the two accents); and all possible 

tensor product interactions (analogous to interaction terms in standard regression mod-

els).1 All models also included either random smooths for respondents or an error model 
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to adjust model outputs for residual autocorrelation, depending on which strategy 

yielded better results (see Sóskuthy 2017, Baayen et al. 2018). Model smooth terms 

were built using thin-plate regression splines, and models were fitted using maximum 

likelihood estimation. Model comparison was done using the compareML function in 

the itsadug package (van Rij et al. 2020). Full model details are listed in Appendix B.2  

3.3. Predictions. Research on accent perception has found very diverse kinds of lis-

tener reactions, so we consider three hypothetical types of evaluation trajectories, 

across a range of sensitivity to accent: 

� Type 1—Absence of bias: There is no influence of accent (RP vs. MLE) on lis-

teners’ perceptions of competence in a job interview. A type 1 response pattern 

would show no difference in ratings of MLE and RP over the time course of the ut-

terance. Any fluctuations in ratings would correspond to other factors (e.g. listener, 

content of the response), so would be shared by MLE and RP. 

• Type 2—Early broad categorization: Listeners categorize the speaker early 

based on general recognition of an accent. This early categorization may be sub-

ject to updating across the utterance. A type 2 response pattern would show early 

divergence of MLE and RP in the time course of the reaction. 

• Type 3—Accent-specific shibboleths: Listener evaluations are sensitive to 

specific accent features or clusters of features within an utterance. A type 3 re-

sponse pattern would be perturbed by specific accent features, with RP and MLE 

fluctuating differently. 

These three predicted types of listener response patterns represent a continuum, rather 

than discrete categories, and could coexist in longer interactions. In the remainder of 

our discussion, we examine which of these is most apparent in the present data set. 

4. Results. Each of the four stimuli (question–response pairs) was modeled individ-

ually in order to observe the role of unfolding content (e.g. expert knowledge) and ac-

cent features in influencing evaluative responses. The analysis revealed that evaluation 

trajectories of the two ‘expert’ stimuli resembled one another, as did the two ‘nonex-

pert’ stimuli, and the two types differed from one another. We therefore use findings 

from one question each to illustrate the overall patterns observed; see Appendix C for 

parallel results for the other two stimuli. We present reactions first to nonexpert stimuli, 

followed by expert stimuli.  

4.1. Evaluations of nonexpert stimuli. Listeners exhibited significant differ-

ences in their response trajectories to nonexpert stimuli produced in RP and in MLE 

(see Appendix B for model details). These differences are shown in the top panel of Fig-

ure 2, which presents model predictions of evaluations of responses to the nonexpert 

question ‘Why do you want to be a lawyer?’. Gray error bands show the 95% confi-

dence interval across the evaluations of all 160 listeners.  

The top panel of Fig. 2 shows an upward trajectory in ratings of both the MLE and 

the RP speaker over the course of the utterance, indicating an increasingly favorable re-

action. However, the slope of the trajectory is significantly steeper for RP than for 

MLE. After having heard approximately 30% of the utterance (two of six sentences), 

listeners begin to rate the RP speaker as doing significantly better despite both speakers 

uttering identical responses (χ2 = 278.42, df = 16, p < 0.000). Once it emerges, the pat-
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2 Stimulus recordings, rating scales, dialect density measurements, and rating response data are available 

via the UK Data Service at https://reshare.ukdataservice.ac.uk/854405. Code for the graphical sliding scale is 

available at https://github.com/Cardoso-Dialects/AccentBiasBritain.  
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tern shows dynamic stability. From the onset of differentiation, the RP slope is approx-

imately 70 percent steeper than the MLE slope. Not only do listeners arrive at signifi-

cantly different endpoints in their ratings of the RP and MLE speakers, but for the final 

70 percent of the response listeners also appear to have already decided that the RP 

speaker was doing significantly better than the MLE speaker. This points to accent bias 

within the trajectory of the response, in a direction consistent with dominant attitudes 

toward RP and MLE in the UK (as observed with multiple talkers: Levon et al. 2021, 

and in explicit attitudes: Kircher & Fox 2019). 

The difference is also linear: GAMM modeling does not assume a linear response pat-

tern for the dependent variable, but the model-predicted values depicted in the top panel 

of Fig. 2 (plotted using locally estimated scatterplot smoothing) appear to be linear in na-

ture. Model results confirm that the smooths associated with the trajectories of evalua-

tions for the MLE and the RP speaker both have effective degrees of freedom (EDF) 

values of 1.000 (the closer the EDF value is to 1, the more linear the trajectory).3 This 
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3 In standard linear regression, model degrees of freedom reflect the total number of (linear) predictors in a 

model. In GAMMs, in contrast, (nonlinear) predictors are computationally smoothed to provide a best estimate 

of response trajectory, within stated model parameters. The EDF value represents a model-generated estimate 

of the number of distinct linear interpolants necessary to approximate the observed response trajectory. If only 

one interpolant is required (EDF = 1), the trajectory is effectively linear. The more interpolants required (and 

hence the higher the EDF value), the ‘wigglier’ the response trajectory. For details, see Wood 2017. 

Models were built using treatment contrasts, with MLE as the reference level for accent. This means that 

the model smooth term for the effect of time overall reflects the response trajectory for MLE, that is, the ref-

erence level (EDF = 1.000, F = 26.28, p < 0.000). The p-value for this term indicates that the trajectory is sig-

nificantly different from zero (i.e. there is an effect of time). The difference smooth for time by accent, in 

contrast, reflects the response trajectory for RP (EDF = 1.000, F = 4.20, p = 0.04). Here, the p-value indicates 

that the trajectory for RP is significantly different from the trajectory for MLE. The significance of accent is 

further confirmed by the model comparison statistics provided. 

Figure 2. Model-predicted evaluations of responses to a nonexpert question. 



means that whatever factor is responsible for the upward trajectory observed, its effect is 

consistent over the course of the response. We later compare this to a different trajectory 

shape with expert stimuli. This result suggests that listeners bring prior accent-based ex-

pectations to the listening event and quickly categorize speakers according to these, giv-

ing rise to distinct trajectory slopes for RP (steeper/more positive) versus MLE (flatter/ 

less positive).  

Which of the three predicted types of response does the top panel of Fig. 2 resemble? 

Type 1 (no accent effect) is ruled out by the evident difference in how the two accents 

are rated. Distinguishing between type 2 (early broad categorization) and type 3 (shib-

boleth tracking) is more subtle. A sufficient number of distinctive phonetic features 

arise within the first few seconds of the recordings for the two accents to be identifiably 

different (eighteen within the first 30% of the recordings; see Appendix A), so the early 

categorization we see (type 2) does involve some sensitivity to phonetic cues, that is, an 

element of a type 3 response. However, another forty-six MLE/RP features later in the 

recordings do not prompt significant changes. In fact, all of the distributions we present 

conform to this pattern of early categorization (type 2), with modest later adjustments 

that are not linked to specific accent shibboleths. Rather than tracking accent detail 

(type 3), this suggests rapid early categorization of speakers (type 2).  

This may partly be an artefact of the task and stimuli in question. A salient taboo 

form, such as swearing or vernacular lexicon, might have triggered more localized reac-

tions of type 3. Indeed, Figure A1 in Appendix C shows that one response set evidenced 

a marked downward turn after a mention of debt as a career motivation. Further work 

will help to further specify constraints on dynamic trajectories. Even if the tendency for 

a type 2 response is partly due to the task at hand, we will see that systematic diver-

gences by listener and accent within this task are nevertheless revealing.  

The top panel of Fig. 2 presents only aggregate responses. In fact, listeners are not 

identical in their behavior. The bottom panels of Fig. 2 illustrate a three-way (tensor 

product) interaction between time, accent, and listener age. For ease of presentation, 

age is represented as a dichotomous variable, split into older (above the median age of 

thirty-seven) and younger (below the median), but all modeling was done with age as a 

continuous predictor. (Gender was not selected as a significant predictor in our models.) 

The bottom panels show that younger listeners (left panel) consistently rate candi-

dates more favorably than older listeners do (right panel), as observed in our parallel 

studies using retrospective ratings (Levon et al. 2021). They also show that the RP 

speaker is rated consistently more highly than the MLE speaker despite identical con-

tent. But the most important detail is that the response trajectories of younger and older 

listeners for MLE versus RP differ (for the age effect, χ2 = 314.73, df = 20, p < 0.000). 

The slopes of evaluation trajectories of the RP-speaking candidate show little differ-

ence across older and younger listeners (dashed lines in lower panels). This is not the 

case for evaluations of the MLE-speaking candidate (solid lines in lower panels). 

Younger listeners’ response trajectory to MLE is similar to their reactions to RP, with 

the familiar linear monotonic increase over the course of the stimulus. Older listeners’ 

evaluations of the MLE speaker remain almost completely flat until nearly 70 percent 

of the way through the stimulus. Only in the final quarter of the response do we see a 

slight increase in older listeners’ average ratings. Possible interpretations of this ab-

sence of upward movement are discussed later. But this nearly flat distribution of real-

time responses among older listeners indicates some form of existing biases and 

predispositions that are inhibiting dynamic updating based on unfolding evidence (cf. 

Campbell-Kibler 2009, 2011, Levon 2014).  
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Before turning to expert stimuli, we note that the general upward trajectory in Fig. 2 

is observed in almost all of our results.4 This may reflect a general reward for respond-

ing coherently in a job interview context, as all responses were produced with standard 

grammar, in a formal style, and with credible content for a law firm interview. (Appen-

dix C shows that downward movement is not ruled out; Levon et al. (2020) also report 

a downward trajectory for a regional accent in a nonhiring context with the same exper-

imental design.5) In our comparison to expert stimuli, we move beyond the upward di-

rection of trajectories and compare trajectory shape.  

Our analysis so far supports a model of impression formation that involves early cat-

egorization of speakers, based on prevailing British language ideologies. For younger 

listeners, this early categorization does not disrupt the process of updating, but for older 

listeners, categorizing a candidate as an MLE speaker appears to block the possibility 

that the individual is signaling worthiness for a job in a law firm, limiting the potential 

value of high-quality content. 

4.2. Evaluations of expert stimuli. We included expert stimuli to examine 

whether signals of technical knowledge and legal expertise perturb listeners’ prior ex-

pectations regarding the suitability of an RP or an MLE speaker for employment in the 

legal profession (see Berger et al. 1977). As before, we present model results of listen-

ers’ real-time evaluations of one of the two expert questions, for ease of presentation; 

Appendix C shows that results for the other expert question were comparable.  

Figure 3 illustrates model-predicted results for evaluations of competence when 

speakers respond to the expertise-demanding question ‘What is the difference between 

contract and tort?’. Models indicate that the only significant dynamic effect is a differ-

ence in how listeners evaluate the RP versus the MLE speaker over time. There is an ad-

ditional fixed effect of speaker (showing an overall preference for the RP-speaking 

candidate), as well as significant tensor product interaction between listener age and 

MCPR. As before, gender was not selected as a significant predictor. For the purposes 

of our current discussion, we focus on the real-time differences in evaluations across 

speakers (see Appendix B for full model results).  

As with the nonexpert questions, we find a basic upward trajectory across all evalua-

tions here, toward higher evaluation as speaking continues. However, the evaluation 

trajectories of listener responses to expert questions differ from what we observed for 

nonexpert questions in two crucial ways.  

First, the response trajectories for both RP and MLE in Fig. 3 are nonlinear. This dif-

fers significantly from the linear response trajectories we saw earlier for nonexpert 

questions.6 This is confirmed by model results, which indicate an EDF value of 3.736 

for the smooth associated with evaluations of the MLE speaker over time (F = 40.306, 
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4 The trajectories plotted in Fig. 2 smooth out individual variation in the data. Inspection of individual re-

sponses reveals saccade-like patterns, with rightward movement on the response scale occurring as a series of 

successive jumps with plateaus in between. Statistical examination of trajectory curvature confirms that indi-

vidual distributions are consistent with dynamic updating of evaluations rather than simply the implementa-

tion of a prior discrete categorization.    
5 Levon et al.’s (2020) result also suggests that the upward trajectory is not likely to be caused by the start-

ing point of 50. Likewise, the long stimulus length (thirty seconds) makes it likely that the movement is not 

simply the time it takes to move the cursor toward 100. And finally, the dynamic nature of the responses may 

not be due simply to the instruction to attend to improvement or decline, as Levon et al. (2020) observed sim-

ilar real-time dynamism with an instruction to simply judge ‘professionalism’. 
6 To confirm a significant difference in trajectory shapes across expert and nonexpert questions, we built an 

additional set of GAMMs that examined evaluations of individual accents separately and compared response 

trajectories for expert versus nonexpert questions within each. These models replicate our overall findings, 

showing significant differences in response trajectories for expert versus nonexpert questions in MLE (for  



p < 0.000) and an EDF value of 4.031 (F = 3.406, p = 0.004) for the difference smooth 

associated with evaluations of the RP speaker over time.7 (Recall that the further from 1 

an EDF value is, the more nonlinear a response trajectory.) This indicates that while, as 

before, listeners update their impressions of speakers across the course of the stimulus, 

this updating is not at a constant rate. Instead, ratings for both the RP and the MLE 

speaker resemble polynomial trajectories, involving larger shifts in listener impressions 

at particular points in time.  

Second, the shape of the polynomial evaluation trajectory for the RP speaker is the 

inverse of that found for the MLE speaker. In Fig. 3, the curve associated with RP is 

concave, characterized by a steep early rise in evaluative responses (approximately 15–

55% of the stimulus) followed by a flatter period of upward incrementation (60–100% 

of the stimulus). The curve for MLE, in contrast, is convex, starting off with a long slow 

rise in evaluative responses (approximately 10–50% of the stimulus), followed by a 

much more rapid increase in the second half of the stimulus.8  

We can see the difference in reactions to RP and MLE in the context of expert content 

more clearly in the two plots in Figure 4. On the left, we see that the difference in rat-

ings over time for the two accents was linear for nonexpert stimuli (dashed line), but is 

dramatically nonlinear for expert stimuli (solid line). The right panel provides further 

information about the shape of the nonlinear response trajectories for expert content by 
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nonexpert: EDF = 1.000, F = 49.36, p < 0.000; for expert: EDF = 2.15, F = 70.3, p = 0.000) and in RP (for 

nonexpert: EDF = 1.000, F = 159.8, p < 0.000; for expert: EDF = 2.63, F = 89.09, p < 0.000). 
7 As before, treatment contrasts were used for model building, with MLE as the reference level for accent. 

The response trajectory for MLE therefore corresponds to the model smooth for the effect of time, while the 

response trajectory for RP corresponds to the difference smooth for time by accent. See n. 3 for details. 
8 These differences are not tied to feature density (see Appendix A): as with all questions, the divergence 

between RP and MLE ratings begins as soon as slider movement begins, approximately two seconds after the 

start of the stimulus.

Figure 3. Model-predicted evaluations of responses to an expert question. 
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showing the velocity of ratings of RP and MLE (Wojnowicz et al. 2009). The vertically 

higher dashed curve on the left of the graph indicates that ratings change faster for the 

RP speaker during the first half of the stimulus (concave curve). The higher solid line 

on the right of the graph indicates the opposite pattern for the MLE speaker, with more 

rating changes per second in the second half of the stimulus (convex curve). 
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Figure 4. (a) Difference in mean model-predicted evaluations of the RP and MLE speakers for expert versus 

nonexpert responses. (b) Velocity of evaluative change over time for RP versus MLE for expert responses. 

Figure 5. Observed mean ratings (and 95% confidence intervals) for the MLE speaker answering an expert 

question (dotted line). Solid line indicates the raw count of MLE accent features occurring  

within the previous three seconds of the stimulus. 

Before our discussion of these findings, we present one final set of data relevant to 

Figs. 3 and 4. The presence of nonlinear trajectories with different shapes for RP and 

MLE (concave and convex, respectively), despite identical lexical content, raises the 

possibility that listeners are judging perceived competence in relation to specific accent 

features (the type 3 prediction). To assess this, we developed a range of different di-

alect-density metrics, designed to test sensitivity to the presence of distinctive, nonstan-

dard features in a given stimulus. A full discussion of dialect density is beyond the 

scope of the current article (Levon et al. 2020 discusses differences in retrospective rat-

ings of individual speakers when accent density differs), but Figure 5 presents listeners’ 

evaluative ratings alongside the relative density of accent features.  



The dotted line in Fig. 5 represents the mean observed evaluations ( y-axis on the left) 

for the MLE speaker answering the expert question analyzed in Figs. 3 and 4. Superim-

posed over this curve is a step graph (solid line) indicating the number of MLE features 

(y-axis on the right) encountered at each time point in the stimulus. Scores are calcu-

lated in a rolling three-second window, such that a score at any given point of time indi-

cates how many MLE features a listener encountered in the previous three seconds of 

the stimulus.  

Figure 5 shows no clear correlation between changes in listener ratings and MLE di-

alect-density scores across the stimulus. While observed mean ratings increase steadily 

(if unevenly) across the course of the candidate’s response, the presence of MLE features 

fluctuates, with peaks of nine and eight features at 15% and 45%, respectively, and val-

leys of three and two features at 25%, 35%, and 65%, respectively. We see no isomorphic 

changes in evaluations (e.g. a decrease in competence ratings in response to a rise in MLE 

dialect density). This suggests little evidence in the present data of listeners basing their 

real-time evaluative judgments directly on specific accent features (Austen & Campbell-

Kibler 2022; though cf. Hesson & Shellgren 2015, Montgomery & Moore 2018). It is 

nevertheless worth noting that, in Fig. 5, the density of MLE features is higher in the first 

half of the utterance than it is in the second. It is therefore possible that the steeper rise in 

listeners’ evaluations after the halfway mark is in some way linked to the generally more 

infrequent occurrence of MLE features in the latter portion of the response. Statistical 

modeling of the effect of MLE dialect density on listener evaluations did not confirm this. 

We ran multiple GAMM models on the MLE data only, which included different types 

of dialect-density measures. None of these showed a significant correlation between di-

alect density and listeners’ evaluation trajectories. Thus, while the relative prevalence of 

dialect features may certainly play a role in listeners’ overall evaluations (see Levon et 

al. 2021), the distribution of individual features within a stimulus does not appear to 

finely govern the observed response trajectories.  

5. Discussion. We discuss the implications of these results for real-time sociolin-

guistic perception in terms of three key findings: prior bias in the initial response to the 

attitude object, universal dynamic updating of evaluations, and trajectory bias in 

the shape of dynamic updates. 

5.1. Prior bias in initial reaction. At the outset we outlined three possible types 

of real-time evaluative response based on the literature to date: absence of bias, where 

changes in evaluation do not track accent features but rather factors such as content 

(type 1); early broad categorization of speakers based on general recognition of the ac-

cent (type 2); and fine-grained fluctuations that track specific accent features or shibbo-

leths (type 3).  

All of our results show more support for type 2 evaluations than for the other types, 

with early broad differentiation of the RP and the MLE speaker within a few seconds of 

the audio stimuli (cf. Kraus et al. 2019). We argue that this early split in evaluations of 

the two speakers, often accompanied by a steeper positive slope of evaluation for RP, is 

the result of prior bias—listeners’ preexisting probabilistic expectations—in favor of 

RP. We concede that this claim is based on observed evaluations of one speaker per ac-

cent, but note the consistency of this pattern across questions and with prior research.  

The absence of clear type 3 effects resembles Austen and Campbell-Kibler’s (2022) 

finding that real-time responses do not consistently track linguistic cues. We also concur 

with their view that real-time monitoring likely involves very different cognitive pro-

cessing from retrospective ratings. Unlike their findings, however, we do find evidence 
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of global updating of evaluations, with clear effects of stimulus content and listener traits 

on overall trajectories; this may be due to our more goal-oriented task of assessing a 

speaker’s likelihood of doing well in the interview. We share Austen and Campbell- 

Kibler’s caution about the use of real-time tools to track sociolinguistic perception, but 

suggest that our results demonstrate some important social properties of listening.  

As we will see in the sections that follow, early social categorization of a speaker 

plays a central role in evaluative processing. In both expert and nonexpert conditions, 

early categorization sets in motion a chain of perceptual effects—classifying and imbu-

ing, to use Niedzielski and Preston’s (2003) terminology—that condition the ensuing 

response trajectory. This finding is consistent with much prior work in sociolinguistic 

cognition and underscores the relevance of prior expectations for in-the-moment im-

pression formation (e.g. Hay & Drager 2010, Walker & Hay 2011, Sumner et al. 2014).  

5.2. Dynamic updating of priors. The early categorization and evaluation of RP 

and MLE did not remain stable for the duration of the listening event. All listeners pro-

gressively updated their evaluations, so prior bias did not fully determine the ensuing 

evaluative response profiles. Despite their early classification of speakers into social 

categories (and the concomitant imbuing of these classifications with attitudinal predis-

positions), listeners nevertheless integrated additional information about the speakers in 

the course of listening to them, and updated their evaluations accordingly. These un-

folding details came from context (e.g. job interview, legal sector), content (e.g. use of 

technical vocabulary), and further factors (e.g. accent features in the speech stream). 

In our data, this updating mostly results in increasingly positive ratings over time, for 

reasons discussed earlier. The only situation in which this updating seems nearly inac-

tive is for older listeners when they are evaluating the MLE speaker in a nonexpert con-

dition (Fig. 2 and Appendix C). There, we find a mostly flat response trajectory, where 

the older cohort’s priors regarding likely characteristics of the MLE speaker remained 

largely unaffected by the utterance. In this case, we do not say that dynamic updating is 

absent, as we assume updating is a universal Bayesian property of real-time processing, 

but that updating is minimal here. There are a number of possible reasons for this: (i) 

older listeners start out with more established priors regarding MLE, lawyers, or both, 

so their evaluations are more resistant to dynamic updating; (ii) younger listeners have 

been exposed to a wider range of MLE exemplars, as MLE is a relatively new variety, 

so they can activate compatible alternatives more easily; or (iii) younger listeners may 

have fewer priors regarding the profession in question. Further studies would be needed 

to distinguish among these alternatives. 

Our results provide a clear indication that sociolinguistic perception is about not only 

the activation of categories but also the ongoing and iterative process in which these ac-

tivations are updated and dynamically reimbued with meaning over the course of social 

interaction (cf. the ‘ideal adapter’ framework: Kleinschmidt & Jaeger 2015, Klein-

schmidt, Weatherholtz, & Jaeger 2018; socially weighted encoding: Sumner et al. 2014; 

and reentrant mapping: Johnson 2006). 

5.3. Trajectory bias. The distinct behavior of older listeners illustrates our most 

striking finding regarding dynamic sociolinguistic processing. We use the term trajec-

tory bias for this finding: that is, bias that is manifested in the trajectory of dynamic 

updating. The first example of this has been noted, namely, the minimal updating seen 

in the evaluation trajectory of older listeners. The other clear manifestation of trajectory 

bias was the overall difference in shape of response trajectories when listening to non-

expert and to expert stimuli. 
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In both expert and nonexpert conditions, we saw early categorization of the speakers 

based on their accent, but the former exhibited steady linear updating, while the latter 

exhibited inverse polynomial trajectory shapes for both the RP and the MLE speaker.9 

In the expert condition, participants exhibited a concave trajectory while listening to 

RP: evaluations rose early and quickly, almost automatically, with the slope of the rise 

tapering off in the latter half of the stimulus. For the MLE speaker, we found the oppo-

site pattern: the listeners’ priors regarding social attributes of an MLE speaker acted as 

a drag on judgments of his competence. The update of the MLE speaker accelerated 

only toward the end of the stimulus, with a final outcome that was significantly lower 

than that for the RP speaker (t = 5.455, p < 0.000). In simple Bayesian terms, it appears 

to take longer for the expert content of the answer to revise priors that anticipated a poor 

performance or poor knowledge. Even if the final judgments ultimately converge, the 

discrepancy in response trajectories places a distinctly greater burden of proof on the 

MLE speaker to demonstrate and sustain a ‘good’ response, and a greater need for sus-

tained attention on the part of the listener. 

The difference in evaluative reactions to expert and nonexpert question–response 

pairs may be due to distinct types and levels of contextual enrichment being activated, 

with expert questions priming listeners for additional, and potentially more stringent, 

status-linked expectations (Foschi 2000; see Levon et al. 2021 for full discussion).  

In terms of real-time processing in the individual, how should we interpret this com-

prehensive (not feature-specific) delay when listeners encounter expert job interview 

responses in an MLE accent? As outlined in §2, we argue that the key to addressing this 

question lies in conceptualizing sociolinguistic perception as a process of dynamic 

competition, that is, an iterative process of entertaining the probability of multiple 

possible outcomes before ultimately converging on a judgment. A framework of per-

ception as dynamic competition developed in psychology (e.g. Freeman et al. 2008, 

Freeman et al. 2010; see also Squires 2014) has used a mouse-tracking paradigm to 

show that social category selection after exposure to a visual stimulus (e.g. a photo of a 

woman or a man) does not proceed in discrete stages, but rather via dynamic competi-

tion among multiple partially activated categories. Immediately following exposure to 

the stimulus, we partially activate multiple representations (e.g. woman and man) that 

are in continuous competition with one another until one of them ultimately wins out. 

With ‘typical’ stimuli, the cues to category membership can be so strong—and the com-

petition process itself so rapid—that the selection process appears to be discrete and au-

tomatic. But atypical stimuli can uncover the process of dynamic competition (or, in 

Bayesian terms, change in probabilities).  

Examining explicit attitudes with a similar mouse-tracking paradigm, Wojnowicz et 

al. (2009) showed asymmetric mouse trajectories when respondents were asked to se-

lect ‘like’ and ‘dislike’ for different racial categories. Although all respondents ulti-

mately selected ‘like’ for both Black and White people, the mouse trajectories in the 

‘Black people’ condition bear the hallmarks of greater dynamic competition, with 

greater overall curvature toward the ‘dislike’ side of the screen, greater spatial disorder 

(‘wiggliness’), nonlinear velocity of mouse movements, and increased velocity toward 
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9 The difference between linear and nonlinear response trajectories for nonexpert and expert questions, re-

spectively, is reminiscent of discussions in the psychology literature on so-called ballistic versus nonballistic 

processing, where the former is unavoidable and automatic, while the latter is dynamic and subject to updat-

ing (see e.g. Brown & Heathcote 2005, 2008). We note this parallel here as a potentially interesting avenue for 

future research. 
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the end of the trajectories. Wojnowicz et al. (2009:1429) argue that, in this context, ‘one 

attitude (whose supporting biases rise quickly in activation) [is] briefly prominent dur-

ing early moments of forming an attitude choice, [while] a different attitude (whose 

supporting biases are stronger but rise in activation more slowly) takes hold during later 

moments of forming that same attitude choice’. Our real-time response trajectories in 

the expert question condition very closely resemble those identified by Freeman et al. 

(2008) and Wojnowicz et al. (2009), with the delayed resolution of rating for the MLE 

speaker indicating that both response alternatives (‘doing well’ and ‘doing poorly’) are 

simultaneously active and competing over the course of the stimulus.  

Figure 6 schematically pulls together the three components of real-time sociolinguis-

tic processing that we have discussed: indications of bias in the priors of listeners that 

emerge almost immediately during the listening event, a universal process of dynamic 

updating, and distinct types of trajectory bias corresponding to strength of priors and 

live competition among alternative ratings, or perhaps even stereotypical personae.  
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Our findings reinforce the pivotal role of context in shaping the entire dynamic im-

pression-formation process (Campbell-Kibler 2009, Hilton & Jeong 2019, Levon & Ye 

2020). We operationalized context in two ways in this study. First, the situation of a job 

interview in a law firm provides an overriding frame for judgments of competence, pre-

sumably activating stereotypical expectations regarding the relationship between pres-

tige, elite employment, and accents. Second, within this professional frame, the content 

manipulation between expert and nonexpert questions reveals further divergence de-

pending on the contextual presence of technical expertise. In both cases, context has a 

significant impact, with notably different response trajectories to RP and MLE arising 

out of distinct status-linked expectations. These reported evaluations of RP and MLE 

are not proposed as representative of attitudes toward these varieties in all situations (if 

such global attitudes can even be said to exist), but rather as arising within specific con-

texts, and specifically within the understudied dimension of listening trajectory.  

6. Conclusion. This study has looked at how we listen in real time. Our analyses of 

listeners’ real-time evaluations of an MLE- and an RP-speaking candidate for a job in a 

UK law firm reveal several important patterns that have ramifications for how we 

model sociolinguistic perception, attitude formation, and the effects of linguistic bias.  

Perception integrates social, cognitive, and contextual factors. In the present case, so-

cial factors are at play in the prior expectations that listeners bring to the event, cogni-

tive factors take the form of universal dynamic updating of probabilistic expectations as 

Figure 6. Schematic diagram of prior bias and different forms of trajectory bias in sociolinguistic 

processing. Dotted lines indicate trajectory types observed only for MLE. 



new information is encountered, and contextual factors structure this new information 

(e.g. law, expert/nonexpert content). Together, these give shape to rating changes in real 

time, with prior bias observable within the first seconds of listening, followed by dis-

tinct forms of trajectory bias in how dynamic updating proceeds. In some cases, priors 

almost fully inhibit the potential for new information—for example, regarding techni-

cal expertise or professionalism—to revise stances. In others, they impose a consider-

able delay on updating. We suggest that the details of curvature and velocity of changes 

provide empirical support for a view of perception as dynamic, probabilistic competi-

tion rather than discrete activation, and a need to emphasize contextual situatedness in 

that body of research. 

The findings confirm previous descriptions of evaluation as an active process of sense-

making (Giles 2011), inference under uncertainty, and incremental adaptation (Johnson 

2006, Sumner et al. 2014, Kleinschmidt & Jaeger 2015). Much of this research has been 

necessarily reliant on narrow phonetic or word-recognition paradigms, in order to under-

stand the precise process of mapping acoustic cues to phonetic or lexical categories. As 

Kleinschmidt and Jaeger (2015:51) acknowledge: ‘we have generally simplified our dis-

cussion by focusing on a few phonetic features. However, in everyday speech perception 

the generative model is highly complex, covering many categories, each cued by many 

acoustic features’. In the present work, we have extended these fine-grained models to 

holistic variability in the signal across naturalistic situations. The resulting diversity in 

update trajectories shows that dynamic updating plays out differently across social situ-

ations and content, drawing on listener priors about talker characteristics. Our empirical 

findings thus support the challenge of scaling up recent computational models in psy-

cholinguistics, while also integrating those dynamic models into sociolinguistic under-

standing of language attitudes. 

These findings also have direct implications for discrimination in real-world interac-

tions. Even seemingly equitable outcomes (e.g. when RP and MLE attain a similar final 

rating) can hide inequitable trajectories of judgment along the way. Our finding of de-

layed updating for MLE implies that if an MLE speaker has the opportunity to speak for 

only a short time, or if the listener’s attention is inconsistent, there may be insufficient 

time or content to shift the listener’s prior expectations, a disadvantage that a standard 

speaker does not face. In other words, a greater burden of proof is placed on speakers of 

stigmatized accents: the ‘jury is out’ when they start speaking, increasing the probabil-

ity that a minor slip or ambiguity may feed and promote a negative stereotype that is dy-

namically in play throughout.  
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variable                                                  RP                                                  MLE 

price vowel                                  [aɪ], [ʌɪ]                             monophthongal, fronted [æ] 

face vowel                                   [eɪ], [ɛɪ]                             monophthongal [e] 

goat vowel                                  [əʊ], [oʊ]                           monophthongal [o]; backed onset 

foot vowel                                   [ʊ], can be fronted            backed, raised [u] 

coda /l/ (‘l-vocalization’)             velarized [ɫ]                       [w]  

glottal replacement of /t/             some in coda; not             common in coda; some intervocalic;  

                                                       intervocalic                     occasionally /k/ and /p/ 

/ð/ (‘dh-stopping’)                        [ð]                                     [d ̪], [d] 

/ð/ (‘TH-fronting’)                       [ð]                                     [v]  

/θ/ (‘th-fronting’)                          [θ]                                      [f ]  

onset /k/                                        [k]                                      backed, velarized [q] 

onset /d/                                        [d]                                     [d ̪] 
(Table A1. Continues)



Note: Table A1 lists audibly distinctive features instantiated in the recordings, not just those documented in 

the literature, as less-described features can contribute to differentiating accents (Strycharczuk et al. 2020). 

Subtler phonetic cues were also present but not subjected to auditory coding. RP recordings were on average 

1.76 seconds longer than MLE equivalents. The specific variety of MLE used by this London-born talker in-

cludes traces of Nigerian heritage. The boldface elements in the texts below highlight loci where a feature in 

the MLE recording contrasted audibly with the variants used in the RP recording, listed in Table A1.  

Nonexpert question–response texts 

Why do you want to be a lawyer? 

[MLE] I’ve wanted to be a lawyer since I was a young child. My family used to joke that I was extremely 

good at arguing and I ought to be a lawyer. So this desire made me pursue a law degree and then the LPC. It 

would be a great opportunity to work on a big deal and experience the process. I’ve always hoped to work in 

a large law firm and be part of the excitement and the success here. I find the career very appealing and I 

would love to work for the firm. 

What attracts you about working in law? 

[MLE] Law is interesting and I enjoyed my studies. I can’t pretend that money isn’t a factor. We all come out 

of university with significant debt, and a career in law allows a good quality of life and financial security. I’m 

also very interested in the international aspects of working in law. I’ve always dreamed of working in Amer-

ica, and this could be the first step towards international career experience too. I work hard and I feel my 

style of working would be suited to law, and the type of international work that is done. 

Expert question–response texts 

Explain the difference between contract and tort. 

[MLE] Contract law involves laws that deal with contracts between people, and tort law is where someone 

does something wrong. You can of course do something wrong in contract law as well, but that involves 

breach of contract law rather than tort law. In our training, we covered contract law first, and then tort law 

and compared and contrasted cases. There are similarities across the cases, but also distinct sets of principles 

in the different situations as only one involves contract agreements. 

How has the Human Rights Act 1998 affected law in this country?  

[MLE] The Human Rights Act is an important piece of legislation. The requirement for a private and family 

life means that some criminals can’t be deported for a long time and that prisoners have the right to vote. 

Some of these requirements are problematic. You could argue that criminals and prisoners shouldn’t have 

these rights. So it has done some good but I do disagree with some aspects of it. But it has been useful to 

have human rights set out in one place this way. 
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variable                                                  RP                                                  MLE 

-in/-ing                                          more [ɪŋ]                           more [ɪn], some [ɪŋk] 

word-final -er/-or/-a                     [əː]                                     [ʌː] 
intrusive /r/                                   some use                           less use 

thought vowel                           [ɔ]                                      raised [o] (Nigerian) 

nurse vowel                                [ɜː]                                     fronted [ɛː] (Nigerian) 

strut vowel                                 [ʌ]                                     [ɐ] (Nigerian) 

onset /l/                                         clear [l]                              velarized [ɫ] (Nigerian) 

Table A1. Phonetic features observed for each accent in the recordings. 

parametric term                                          est                      t                  p-value 

    (intercept)                                                55.047            186.696             < 0.000 

    Accent (RP)                                             3.843              8.885             < 0.000 

smooth term                                               EDF                    F                  p-value 

    s (Age)                                                     2.063             66.362             < 0.000 

    s (MCPR)                                                 2.428             20.610             < 0.000 

    s (Time)                                                    1.000             26.277             < 0.000 

    s (Age) : Accent (RP)                               2.953             27.035             < 0.000 

    s (MCPR) : Accent (RP)                          1.001             66.786             < 0.000 

    s (Time) : Accent (RP)                             1.000              4.202             < 0.041 

    ti (Age, MCPR)                                        7.861              7.766             < 0.000 

    ti (Time, MCPR)                                      1.000              2.407             < 0.121 

(Table A2. Continues)
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Figure A1. Graphical comparison of model predictions for evaluations by older respondents to two expert 

questions (top row) and two nonexpert questions (bottom row).

smooth term                                               EDF                    F                  p-value 

    ti (Time, Age)                                           1.903              5.374             < 0.003 

    ti (Age, MCPR) : Accent (RP)                 8.861             46.133             < 0.000 

    ti (Time, Age) : Accent (RP)                    1.000              5.176             < 0.023 

    ti (Time, MCPR) : Accent (RP)               1.879              1.200             < 0.293 

    ti (Time, Age, MCPR)                              1.708              0.461             < 0.601 

    ti (Time, Respondent)                            186.848              1.081             < 0.000 

Adjusted R2 = 0.384, deviance explained = 43%, N = 2,984, respondents = 153  

Table A2. GAMM for nonexpert question. 

parametric term                                          est                      t                  p-value 

    (intercept)                                                57.662              78.789              < 0.000 

    Accent (RP)                                             5.590               5.455              < 0.000 

smooth term                                               EDF                    F                  p-value 

    s (Age)                                                     1.000               0.042              < 0.839 

    s (MCPR)                                                 1.000               6.947              < 0.008 

    s (Time)                                                    3.736              40.406              < 0.000 

    s (Age) : Accent (RP)                               1.000               0.000              < 0.992 

    s (MCPR) : Accent (RP)                          2.102               2.028              < 0.108 

    s (Time) : Accent (RP)                             4.031               3.406              < 0.004 

    ti (Age, MCPR)                                        2.543               2.908              < 0.030 

    ti (Time, MCPR)                                      2.813               1.727              < 0.117 

    ti (Time, Age)                                           1.003               0.094              < 0.763 

    ti (Age, MCPR) : Accent (RP)                 1.000               7.203              < 0.007 

    ti (Time, Age) : Accent (RP)                    1.000               0.216              < 0.642 

    ti (Time, MCPR) : Accent (RP)               1.496               0.745              < 0.557 

    ti (Time, Age, MCPR)                              4.599               0.810              < 0.580 

Adjusted R2 = 0.278, deviance explained = 27.4%, N = 3,721, respondents = 157 

Autocorrelation error (rho) = 0.919   

Table A3. GAMM for expert question. 
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