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Abstract
This study is concerned with attitudes of Albanian listeners toward the two main dialects
spoken in Albania: Gheg and Tosk. The study seeks to establish a connection between
attitudes and speech features which have been shown to be changing in Gheg, and other
features found to be stable. Ratings of four speech features on visual analog scales (VASs)
pertaining to dialect identification, status, and solidarity were collected from 125 Albanian
listeners and modeled with Bayesian regressions. The results revealed lower status for
variants of features found to be changing in Gheg, contrary to stable variants, suggest-
ing a connection between attitudes and dialect change, and highlighting the relevance of
both language-external and internal factors in understanding change. All stimuli were also
rated as more friendly than unfriendly, which could be related to sociocultural specifici-
ties of Albania. The study finally identifies methodological challenges to do with modeling
responses from VASs.
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Introduction
This study is concerned with language attitudes of Albanians toward specific phono-
logical and phonetic features of the two main dialects of Albanian: Gheg and Tosk. We
seek to establish whether there is a connection between attitudes and the recently doc-
umented tendency of certain features of Gheg to be changing while others were found
to be stable.

Language attitudes
Dragojevic, Fasoli, Cramer, and Raki ́c (2021:61) defined attitudes as “evaluative reac-
tion[s] to an object,” and language attitudes as “evaluative reactions to language.” Two
orthogonal dimensions of language attitudes have been identified: status and soli-
darity (also called competence and warmth; Fiske, Cuddy, Glick, & Xu, 2002). The
basis of perceived status is mainly socioeconomic, whereas the sense of solidarity is
driven by loyalty and competition (Ryan, 1983). There is a recurring tendency for
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lower-status languages or varieties to rank high with respect to solidarity (Labov,
2006:402; Lambert, Hodgson, Gardner, & Fillenbaum, 1960; Trudgill, 1972), but it is
not necessarily the case that high status goes together with low solidarity (e.g., Bishop,
Coupland, & Garrett, 2005; Cavallaro & Chin, 2009; Cole, 2021). Members of a speech
community usually show high consistency in their judgments toward themselves (in-
group) and speakers of other speech communities (out-group), which is taken as
evidence that these reflect stereotypes (Dragojevic et al., 2021; Fiske et al., 2002; Ryan,
1983).

The current study uses the “verbal guise” technique (Cooper, 1975; Garrett,
2010:53–87), wherein listeners had to rate stimuli produced by various speakers on
visual analog scales (VASs), the poles of which showed pairs of contextual antonyms.
A considerable number of antonyms and traits have been tested over the years (e.g.,
Zahn & Hopper, 1985), as these have to be relevant to the community investigated
(Garrett, Coupland, &Williams, 2003; Loureiro-Rodríguez &Acar, 2022), but they can
still be grouped into the two dimensions of status and solidarity. A drawback of indi-
rect approaches like the verbal guise technique is that listeners may complete the task
without responding to the categories the researchers are investigating (Dragojevic &
Goatley-Soan, 2022; Garrett, 2010:57–58; Preston, 1989:4). For example, it may not
be so clear that attitudes are directed at dialects, knowing that in dialect categoriza-
tion tasks, participants tend to group stimuli into fewer categories than established
through research (e.g., Avanzi & Boula deMareüil, 2019; Clopper & Pisoni, 2004b) and
show greater accuracy when using broader than narrower labels, for instance, Scottish
English compared toGlasgowEnglish (Braber, Smith,Wright,Hardy, &Robson, 2023).
In addition, perception has been found to be biased by beliefs held by participants,
including laboratory-induced beliefs about the speakers’ origin (e.g., Hay & Drager,
2010; Niedzielski, 1999). It is thus advisable to complement indirect measures of atti-
tudes with explicit questions about the particular dimension investigated, here with
a dialect identification question (Dragojevic & Goatley-Soan, 2022; Preston, 1989:4).
The VAS response format constitutes another challenge in itself. While allowing par-
ticipants to express nuances in their judgments (Llamas & Watt, 2014), VASs are also
subject to certain biases (Matejka, Glueck, Grossman, & Fitzmaurice, 2016) and high
variability in rating strategies between listeners (e.g., Austen & Campbell-Kibler, 2022;
de Hoop, Levshina, & Segers, 2023), leading to modest performance of even the most
sophisticated statisticalmodeling techniques currently available (Liu&Eugenio, 2018).

A branch of attitude studies focuses on evaluative reactions to specific linguistic
features (Edwards, 1999). While methodologically challenging (Austen & Campbell-
Kibler, 2022; Watson & Clark, 2015) in typical guise experiments that use one- or
two-sentence-long stimuli containing multiple linguistic features, identifying evalu-
ative reactions to specific features via alternative methods has shown that these were
not equally noticed and evaluated by listeners. For example, interviews designed to
elicit metalinguistic comments have highlighted that lay speakers may name, describe,
and judge specific features, such as T-glottaling in British English (Alderton, 2020)
or vowel nasality in Gheg Albanian (Morgan, 2015; see next section); whereas other
features described by linguists are not mentioned in such interviews, for instance,
high vowel laxing in Quebec French (Lappin, 1982). Societal treatment studies (Garett,
2010), which exploit material spontaneously produced by the speech community like
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judgments and representations conveyed in social or traditional media (Cheshire &
Moser, 1994), also illustrate this selective awareness. The implicit association test (see
Campbell-Kibler, 2012; Greenwald, McGhee, & Schwartz, 1998), where participants
associate a given stimulus with certain labels under the assumption that associations
are facilitated when labels are implicitly coherent, may grant access to attitudes that
participants would perhaps lack resources to discuss during an interview, or would
not wish to discuss (see Kristiansen, 2009 and Pharao, in press for more about implicit
versus explicit attitudes).

Labov (1972:314) characterized this selective awareness under the concepts of
stereotype, marker, and indicator. Stereotypes are features noticed by the speech com-
munity, explicitly commented upon, triggering a measurable evaluative reaction.1
Markers also trigger some form of reaction, for example during an implicit associa-
tion task, but not necessarily explicit and polarized comments, as markers “may lie
below the level of conscious awareness” (Labov, 1972:314). Indicators are linguistic
features of which the speech community is unaware. Several studies have shown that
negatively evaluated features are susceptible to processes such as leveling and stan-
dardization (e.g., Auer, 2018; Hiramoto, 2010; Kerswill & Williams, 2002; Kristiansen,
2009; Labov, 1963; Milroy, 2001; Pharao, in press; Vaicekauskien ̇e, 2019), though this
is not a universal tendency, with some low status languages, varieties, or features also
exhibiting “stubborn persistence” (Ryan, 1979:147).

Attitudes toward Albanian: What we know so far
Albanian is a lesser-studied language of the Indo-European family spoken by approx-
imately 7 million people worldwide (Rusakov, 2017). Albanian spoken in Albania,
which is the focus of our study, comprises two major dialects: Gheg and Tosk. Gheg
is spoken in central and northern Albania, including the capital city Tirana, whereas
Tosk is spoken in southern Albania (Gjinari, Beci, Shkurtaj, Gosturani, & Dodi,
2007). The two dialects differ (sometimes sharply) on many lexical, morphosyntactic,
phonological, and phonetic features, but usually remain mutually intelligible.

Up until 1972, Albanian could have been described as pluricentric: both Gheg
and Tosk were employed in writing, depending on the author’s preference (Byron,
1976:41–76). This changed when the National Congress of Orthography proclaimed
a standard variety, in 1972, following the aspiration of the Albanian state to unify the
country in the common use of one language (Kostallari, 1970). Most scholars con-
sider that standard Albanian is largely based on Tosk, with only a few peripheral Gheg
features adopted (Byron, 1976:59–76; Moosmüller & Granser, 2006). The state took
several measures, some coercive, to enforce the use of standard Albanian (see Beci,
2000:58–69; Pipa, 1989). These included a ban on publications in any other variety
than the new Tosk-based standard, destruction of documents previously written in
Gheg, and imprisonment of those refusing to write in the new standard and their
families being sent to camps. Broadcasters and other media figures, government offi-
cials, and civil servants were obliged to speak the standard. All educational material
was offered only in the standard, teachers were pressured to use it, and children were
punished when using dialect features, which particularly impacted Gheg-speaking
children. Despite the regime of the People’s Socialist Republic of Albania falling in the

https://doi.org/10.1017/S0954394524000103 Published online by Cambridge University Press

https://doi.org/10.1017/S0954394524000103


4 Josiane Riverin-Coutlée, Enkeleida Kapia and Michele Gubian

early 1990s, the Tosk-based standard remained, and it is still today the only system
officially recognized by the state. The measures taken to enforce its use have certainly
had an impact on Albanians’ representations of the two dialects and their speakers,
and the idea of Tosk being standard and Gheg nonstandard is likely well entrenched in
Albanian society.

Scholarly research on attitudes toward Albanian is however scarce. A series of
experiments conducted by Dickerson (2021) with heritage and expatriate speakers
of Albanian living in the United States included a verbal guise experiment in which
sentence-long stimuli comprising 13 phonetic, phonological, morphosyntactic, and
lexical features differing between Gheg and Tosk were presented to the participants.
Heritage and expatriate participants alike, whichever their dialect background, judged
Gheg to sound stronger, less proper, and more rural than Tosk. However, both Gheg
and Tosk were judged to be similarly friendly.

Morgan (2015) conducted interviews to elicit attitudes from 19 Tosk speakers hav-
ing moved from southern Albania to Tirana. When it came to the Gheg-Tosk division,
the participants described Gheg with adjectives such as isolated, undeveloped, rural,
backwards, and uncultured/thick. They explicitly mentioned two phonological features
ofGheg driving their judgments: vowel nasality andmonophthongization.2 In contrast,
Tosk was described as more developed, standard, soft, and calm.

Dialect stability and change in Gheg
Recent work has investigated dialect stability and change in Gheg. Riverin-Coutlée,
Kapia, Cunha, and Harrington (2022) analyzed vowels produced by Gheg-speaking
adults and first grade children living in urban Tirana and rural Bërzhitë to find out
whether Gheg was changing under the influence of standard Albanian and, in the
case of Tirana, contact with Tosk as well. Three vowel features differing between Gheg
and Tosk were analyzed: rounding of /a/, contrastive vowel length, and monophthon-
gization. They found rounding of /a/ to be the most advanced change, with evidence
that speakers from both urban and rural areas were adopting the standard variant.
In contrast, contrastive vowel length did not show any sign of change in either loca-
tion.Monophthongizationwas at an intermediate stage, having started to change in the
urban setting, but not in the rural one.These results were tentatively explained based on
the features’ relative linguistic complexity: rounding of /a/ had changed first and faster
than the other features because of its less complex and allophonic nature. However,
Riverin-Coutlée et al. (2022) could not quite explain why monophthongization was at
an intermediate stage of change, while contrastive vowel length was completely sta-
ble, when their relative complexity suggested that it should have been the other way
around. A question that arose from this study was whether the sociolinguistic value
of these features could at least partly explain the results that linguistic complexity, a
language-internal factor, could not (Riverin-Coutlée et al., 2022:496).

Questions and hypotheses
In this study, we set out to explore the potential role of a language-external fac-
tor, namely, attitudes. Our aim is to document the attitudes of Albanians toward
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the Gheg and Tosk variants of the three features investigated in Riverin-Coutlée
et al. (2022): rounding of /a/, contrastive vowel length, and monophthongization; as
well as the vowel nasality feature discussed in Morgan (2015). Our main question
is whether these features are evaluated differently; that is, whether the low status
reputedly attributed to the Gheg dialect, and the high status attributed to the Tosk
dialect (Dickerson, 2021), apply uniformly to their variants of these four features.
The answer will shed light on a possible connection between perceived status and
dialect stability and change.Thismain question, which addresses the status dimension,
naturally raises that of the solidarity dimension. Moreover, as suggested in the litera-
ture, we also seek to validate that the participants’ attitudes are effectively directed at
dialects.

We hypothesize that Albanians’ responses will differ across features, with round-
ing of /a/, monophthongization, and vowel nasality showing different tendencies than
contrastive vowel length. We predict reliable dialect identification for the first three
features, and the Gheg variants of these features to be perceived as having lower
status than the Tosk variants. Because low status tends to be associated with high
solidarity, but also because Dickerson (2021:168) found no difference between soli-
darity expressed toward Gheg and Tosk, we predict both the Gheg and Tosk variants
of these three features to trigger high solidarity. On the other hand, for contrastive
vowel length, we predict lower accuracy in dialect identification. We also predict
listeners to judge both Tosk and Gheg variants of this feature as having similarly
high status and high solidarity. Finally, we expect Albanians of both dialect back-
grounds to be consistent in their attitudes toward all features; that is, we predict
no difference in response patterns according to dialect background of the listener
(Gheg versus Tosk).

Methods
Features
Four features, or variables, were investigated in this study (for more details, see Beci,
1995; Çeliku, 1968, 1971; de Vaan, 2018; Gjinari, 1968; Gjinari et al., 2007). First,
rounding of /a/ is a phonetic process where, in Gheg, the low vowel /a/ is rounded
into [ɔ] in a stressed syllable whose onset is a nasal consonant (e.g., mal ‘mountain’
[mɔl]). In Tosk and standard Albanian,mal is instead realized with an unrounded low
vowel: [mal].

Second, contrastive vowel length is amorphophonological feature, whereGheg con-
trasts long and short vowels while most Tosk-speaking areas and standard Albanian
have only short vowels. An example of a word with a long vowel in Gheg ismi ‘a mouse’
/miː/, which is realized with a short vowel, /mi/, in Tosk and standard Albanian. All
Gheg vowels have short and long counterparts, andwhile length contrasts are restricted
to stressed syllables, these can be of various types (e.g., open or closed syllables), and
in different positions within words.

Third, monophthongization refers to the production by Gheg speakers of monoph-
thongs in words that have diphthongs (or vowel sequences) in Tosk and standard
Albanian. For example, duar ‘hands’ is realized /duɽ/ in Gheg, but /duaɽ/ in Tosk and
standard Albanian.

https://doi.org/10.1017/S0954394524000103 Published online by Cambridge University Press

https://doi.org/10.1017/S0954394524000103


6 Josiane Riverin-Coutlée, Enkeleida Kapia and Michele Gubian

Fourth, vowel nasality is a phonological feature of Gheg that is absent from Tosk
and standard Albanian, which only have oral vowels. For example, hënë ‘moon’ cor-
responds to /hãn/ in Gheg, but to /hənə/ (pronounced [hənə] or [hən]) in Tosk and
standardAlbanian.Note that in the next section, Table 2 shows gërshërë ‘scissors’ as one
of thewords used as stimuli for the vowel nasality feature. From the orthography, itmay
not be obvious that theGheg form of this word is /ɡəɽ∫ãn/.This is because of a series of
sound changes that took place in Tosk, onwhich the orthography is based. Vowel nasal-
ity likely developed historically because of coarticulation with a nasal consonant. Tosk
subsequently lost this feature, in addition to undergoing rhotacism, another sound
change whereby intervocalic /n/ became a rhotic consonant. The modern form of the
word in Tosk is thus /ɡəɽ∫əɽə/ (pronounced [ɡəɽ∫əɽə] or [ɡəɽ∫əɽ]) where the last
consonant is a nasal-turned-rhotic and the preceding vowel was denasalized.

Speech material
Theverbal guise techniquewas used for this study (Cooper, 1975;Garrett, 2010:53–87).
The stimuli were non-modified, isolated words produced by 48 native speakers
of Albanian living in Albania, whose demographic characteristics are shown in
Table 1.

Table 1. Basic demographic characteristics of the 48 speakers who produced the stimuli

Dialect Number of speakers Mean age Sex

Gheg 26 52 19 F, 7 M

Tosk 22 42 14 F, 8 M

Twenty-one of these speakers participated in a picture-naming task in which iso-
lated target words were produced (e.g., spinaq ‘spinach’), while the remaining 27
participated in a reading task where the same target words were produced in ini-
tial and final positions of carrier sentences (e.g., spinaq thoni spinaq ‘spinach, say
spinach’). Speakers were digitally recorded (44,100 Hz, 16 bits) using Speech Recorder
(Draxler & Jänsch, 2004), a Tascam US-2x2, and a Beyerdynamic TG H54c head-
mounted microphone, in quiet locations in the municipalities of Ballaban, Përmet
(Tosk area), Bërzhitë, and Tirana (Gheg area).

For this study, 64 stimuli were used (i.e., 32 tokens per dialect). For each dialect,
two repetitions by different speakers of the 16 words shown in Table 2 were selected. In
order to select 48 tokens for rounding of /a/, monophthongization, and vowel nasality,
we first asked three native speakers of Albanian (who were neither speakers nor listen-
ers in the experiment) to listen to a longer set of stimuli and report whether the relevant
features had been produced. A selection was then made among the tokens that the
three consultants unanimously agreed upon. To select 16 tokens for contrastive vowel
length, we relied on acoustic measurements of vowel duration. We first computed the
mean and standard deviation per word and per dialect, then selected tokens which had
vowels with a duration of approximately one standard deviation above the Gheg mean
for Gheg, and one standard deviation below the Tosk mean for Tosk. This resulted in
tokens with a mean vowel duration of 227 ms for Gheg and 102 ms for Tosk. Two stim-
uli were also selected to serve as practice trials at the beginning of the experiment:
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the word llokum ‘lokum, Turkish delight’ from a female Gheg speaker and the word
kafe ‘coffee’ from a male Tosk speaker. Praat (Boersma & Weenink, 2023) was used to
manually isolate and chop the selected words from longer sound files, to equalize their
intensity at 60 dB, and for silence-padding (200 ms silences at each end).

Table 2. The 16 words of the experiment and corresponding feature; 2 tokens per word per dialect were
used, for a total of 64 stimuli

Feature
Tosk
variant

Gheg
variant

n
words Albanian stimulus words and English gloss

Rounding of /a/
[a] [ɔ] 4 domate

‘tomatoes’
i madh
‘large’

mal
‘mountain’

spinaq
‘spinach’

Contrastive vowel
length

/V/ /Vː/ 4 bukë
‘bread’

kalë
‘horse’

mi
‘mouse’

raki ‘raki’

Monophthongization
/VV/ /V/ 4 diell ‘sun’ duar

‘hands’
fyell
‘flute’

pastruese
‘cleaner’

Vowel nasality
/V/ /Ṽ/ 4 gërshërë

‘scissors’
hënë
‘moon’

nëntë
‘nine’

shkëmb
‘rock’

Procedure
The experiment lasted approximately 25 minutes and was run online using PsyToolkit
(Stoet, 2010, 2017), with the entire interface and instructions in Albanian. After
agreeing to informed consent and confirming they lived in Albania, the participants
performed one listening task featuring the 2 practice trials and 64 test stimuli. They
were instructed to use scales and sliders to give their spontaneous opinion of the voices
they heard. This was done to avoid that participants felt they were judging people,
which according to our three consultants, is considered rude in Albania and could
make potential participants reluctant to take part in the experiment. They were given
as an example a scale featuring the adjectives young (i ri) and old (i moshuar) at each
pole, and were told to move the slider at the young pole if the voice sounded young,
at the old pole if the voice sounded old, and toward the young pole but closer to the
middle of the scale if the voice sounded somewhat young. No audio accompanied this
example.

After the two practice trials, the order in which the stimuli were presented was ran-
domized. Each stimulus could be replayed an unlimited number of times and had to be
rated on five VASs using sliders that could be positioned anywhere between two adjec-
tives corresponding to the poles of each scale, as shown in Figure 1. Although the scales
appeared continuous in the user interface, they were made up of 101 equally spaced
discrete steps (i.e., from 0 to 1 inclusively, in .01 increments). The sliders were initially
centered at the .5 mark, and all had to be “activated” by a mouse click or finger tap
for the participants to proceed to the next stimulus. As shown in Figure 1 and Table 3,
one scale was for dialect identification, and two pertained to status of and solidarity
with the speaker respectively.3 The remaining two scales were fillers and asked about
perceived age (used for the instructions) and gender, but these are not analyzed here.
The order of the scales was randomized across stimuli and participants, but the order
of the poles was the same throughout the experiment for everyone. Because there was a
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risk that out-of-context isolated words would bemisunderstood or incorrectlymapped
(e.g., Dragojevic & Giles, 2016), pictures always accompanied the audio stimuli.

Figure 1. Example of interface of the experiment (desktop version). This picture accompanied stimulus
word kalë ‘horse.’ Thepictures usedwere either underPixabay licenseor createdby theauthors inMicrosoft
Office.

Table 3. Pairs of adjectives used as poles for the five scales

Scale Albanian pole adjectives English gloss

Dialect identification tosk (nga jugu)–geg (nga veriu) Tosk (south)–Gheg (north)

Status i arsimuar–i paarsimuar educated–uneducated

Solidarity jomiqësor–miqësor unfriendly–friendly

Age (filler) i ri–i moshuar young–old

Gender (filler) femër–mashkull female–male

After the listening task, the participants provided the following information about
themselves: age, sex, place of birth, place of residence, other places where they had lived
and for how long, and origin of their parents. Upon completion of the whole experi-
ment, the participants were compensated with a €5 voucher to be used in a bookstore
in Tirana.
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Listeners
Listeners were recruited among the second author’s network, then by snowball sam-
pling. One hundred thirty-three listeners completed the task. We excluded responses
from six listeners who completed it much faster than the others and whose response
patterns suggested they were not attending to the task, and two listeners whose dialect
background could not be identified. The remaining 125 participants considered in this
study were 87 female and 38 male aged 18–52 years old (mean 27). In order to deter-
mine whether they had a Tosk or a Gheg background, we used their residential history
and their parents’ origin. One hundred four participants were still living in the same
dialect area where they were born, and were therefore categorized as Gheg or Tosk
based on this geographical information. For the remaining 21 participants who had
moved across dialect areas, we considered their dialect to be that of the area where
they had spent the majority of their lives before 18 years old, and that of their parents.
There were no ambiguous cases other than the two exclusions mentioned above. This
resulted in 34 listeners with a Tosk background and 91 with a Gheg background.

We believe that the sex and dialect imbalances, as well as the relatively young age
of our sample, are largely due to the sampling technique and to the online format
especially, which failed to reach certain segments of the population. However, these
imbalances are not a major issue with the statistical approach explained in the next
section.

Statistical analyses
The aim of the statistical analyses was essentially to estimate the typical (or average)
ratings that listeners gave depending on the scale, feature, and dialect represented. The
choice of an appropriate statistical model architecture was guided by the distributional
properties of the collected data. To this effect, Figure 2 illustrates the distribution of
ratings pooled across the entire data set. Though defined on 101 discrete values, the
rating distribution appears smooth enough to bemodeled as continuous. It is bounded
between 0 and 1, and exhibits twomajor peaks at the extremes, as well as aminor one at
.5. We thus opted for a zero-one inflated beta (ZOIB) model, currently considered the
state of the art for modeling continuous bounded responses with peaks at both ends
(e.g., Bendixen & Purzycki, 2023; de Hoop et al., 2023; Liu & Eugenio, 2018). A ZOIB
model is a combination of four sub-models, which account for different subsets of the
response. A logistic model (zoi) predicts whether the response equals one of the two
extreme values, standardized as 0 and 1, or lies inside the continuous interval (0, 1).
The subset of non-extreme responses is modeled by beta regression, which entails the
estimation of two parameters of the beta distribution, namelymean and precision (phi).
Finally, the subset of extreme responses is modeled by another logistic regression (coi)
predicting whether the extreme is 0 or 1.

The estimated regression models accommodated the presence of groups of corre-
lated responses (by listener) by introducing so-called random effects (e.g., Kingston,
Baayen, & Clopper, 2012). We opted for a Bayesian (rather than frequentist) approach
because the estimation of mixed-effect generalized linear models involving hundreds
of parameters (as is the case here) tends to be less affected by convergence issues
when carried out with a Bayesian toolkit, thanks to the application of Markov chain
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Figure 2. Distribution of ratings on the three scales for the four features. Each .01 increment from 0 to 1 is
represented by a bin, with higher bins showing higher rating counts.

Monte Carlo (MCMC) (see Winter, Fischer, Scheepers, & Myachykov, 2023 for simi-
lar motivations; for recent work featuring Bayesianmodeling of speech perception and
production data, see Cole, Steffman, Shattuck-Hufnagel, & Tilsen, 2023 and Roettger,
Franke, & Cole, 2021). Even so, as a measure of compromise between complexity and
feasibility, we decided to model the responses on each scale separately.

Three Bayesian mixed-effect ZOIB regression models were fitted, one per scale
of interest, with the listeners’ ratings of the stimuli as response variable.4 All ZOIB
sub-models, except for the one estimating beta precision, had the same predictor com-
position. Fixed predictors were stimulus dialect (Tosk or Gheg), listeners’ dialect (Tosk
or Gheg), and feature (four levels), together with all their two- and three-way inter-
actions. Random intercepts for listener, as well as random slopes for stimulus dialect,
feature, and their interaction over listener were introduced. Beta precision sub-models
contained only a fixed intercept and a random intercept for listener, similarly to de
Hoop et al. (2023).

Models were fit using the zero_one_inflated_beta setting from the brms package
(Bürkner, 2017) inR (version 4.3.x; RCore Team, 2023).Themodelswere runwith four
MCMC chains, 8000 iterations, and 2000 warm-up samples. In all cases, model con-
vergence was achieved ( ̂R = 1, in some cases ̂R = 1.01; see Supplementary Materials).
Priors were left to their default settings. Posterior z-scores and shrinkage (Betancourt,
2018) indicated that the priors did not dominate the posterior distributions (see
Supplementary Materials), while a few parameters of the coi sub-models were poorly
identified, whichmight have to do with the extreme values not being a high proportion
of the responses. The posterior predictive check plots show that the models fitted the
data reasonably well, save for cases where the data exhibited mild bimodality trends.
The mean Bayesian pseudo-R2 were .406, .241, and .291 for the models predicting
dialect identification, solidarity, and status ratings respectively, which is not very high
(see deHoop et al., 2023 for similarlymodest performance on responses obtained from
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sliders and modeled by ZOIB). As illustrated in the supplementary materials, this is
likely due to the tendency of listeners to use the center of VASs, which cannot be cap-
tured by any ZOIB sub-model, and by the great variability in response strategies across
participants, which can only be partly modeled by introducing random intercepts and
random slopes over listener (see de Hoop et al., 2023 for similar findings). In order to
assess the impact of these issues, we fitted for each scale a companion Bayesian logis-
tic regression model where continuous ratings were reduced to a binary alternative
between 0 and 1 (see Supplementary Materials). These simplified models corroborated
the results from the ZOIB ones in showing the same qualitative trends in all cases; the
results presented in this article are thus those from the ZOIB.

Using the emmeans package (Lenth, 2023), conditional posterior distributions of the
mean ratings5 were calculated for each combination of the fixed predictors, for a total
of 16 combinations per model (2 stimulus dialects × 2 listeners’ dialects × 4 features),
from which medians (M), and 66% and 95% credible intervals were generated. These
were plotted as in Figure 3, in which computed medians are represented by vertical
ticks, 66% credible intervals by thick horizontal lines, and 95% credible intervals by
thin horizontal lines. To give an example of how to interpret the results in this figure,
shaded box A shows that the rating of Gheg stimuli by Gheg listeners for rounding of
/a/ is predicted to be between .336 and .371 with 95% probability (i.e., the extremes of
the thin horizontal dark gray line on the left-hand side of box A). As this interval lies
entirely on the left of the .5 mark and by a fairly large margin, we can argue that Gheg
listeners rated this type of stimuli as sounding more uneducated than educated.

Conditional posterior distributions were also computed for expected differences
between predictor values in three ways, corresponding to boxes A, B, andC in Figure 3.
First, inter-stimulus differences were computed between ratings of Tosk and Gheg
stimuli on a given scale, within feature and within listener dialect. This is illustrated
by shaded box A, where the inter-stimulus difference is that between status ratings
attributed to Tosk and Gheg stimuli by Gheg listeners for rounding of /a/. The inter-
stimulus difference is defined as the rating attributed to Tosk minus the one attributed
to Gheg, or formally: rating (stimulus: Tosk) − rating (stimulus: Gheg). If it is posi-
tive, Tosk stimuli were rated higher than Gheg. The larger the inter-stimulus difference
(whichever the sign), the more distinctly Tosk and Gheg stimuli were rated. In box A,
it is about +.32.

Second, inter-listener differences were computed between ratings of Tosk and
Gheg stimuli on a given scale, within feature but between listener dialects. This is a
difference-of-differences like that illustrated in dotted boxBof Figure 3,where first, two
inter-stimulus differences were computed, then these were subtracted from each other,
formally: inter-stimulus (listener: Tosk) − inter-stimulus (listener: Gheg). A small inter-
listener difference indicates that Tosk andGheg listeners expressed a similar separation
between the ratings of Tosk and Gheg stimuli. In box B, the inter-stimulus difference
for Tosk listeners (right) is about +.05 and for Gheg listeners (left) +.09.Therefore, the
inter-listener difference is about −.04 (.05–.09 = −.04).

Third, inter-feature differences were computed between ratings of Tosk and
Gheg stimuli on a given scale, across features but within listener dialect. This is a
difference-of-differences like that illustrated in dashed box C of Figure 3, formally:
inter-stimulus (feature: monophthongization) − inter-stimulus (feature: vowel nasality).
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After computation of inter-feature differences for every pair of features for a given
group of listeners, the features can be ranked; those ranking highest can be consid-
ered to have more “discriminatory power” than low ranking ones; whenever the 95%
credible interval of an inter-feature difference overlaps with zero, the two features are
assigned equal ranking. In box C, vowel nasality ranks higher than monophthongiza-
tion, as the inter-stimulus difference for the former is about .09 larger than for the
latter.

Due to space constraints, only a selection of results based on differences between
predictor values will be reported in the text (see Supplementary Materials for the full
set).

Figure 3. Medians and credible intervals for the conditional mean ratings on the status scale for the four
features, separated by dialect of the speakers who produced the stimuli (tick shade) and dialect of the
listeners (panels). BoxesA toC illustrate the three typesof comparisons carriedout. Anunannotatedversion
of this figure reappears as Figure 7.

Results
In each subsection, first raw rating distributions are described, then results from the
ZOIB models are reported.

Dialect identification
The distributions of the listeners’ raw ratings on the dialect identification scale are dis-
played in Figure 4. In the four panels of Figure 4 (as well as Figures 6 and 8), the dark
gray curves correspond to rating distributions for Gheg stimuli, the pale gray curves
to distributions for Tosk stimuli, the solid curves to distributions for Gheg listeners,
and the dashed curves to distributions for Tosk listeners. The center of the scales is
indicated by a black vertical line.

Figure 4 suggests that Tosk stimuli were accurately identified as Tosk for the four
features, with little difference between ratings produced by Tosk and Gheg listeners.
Gheg stimuli were accurately identified when they featured rounding of /a/, monoph-
thongization, and vowel nasality. The rightmost panel shows a more extensive use of
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Figure 4. Density plots of the listeners’ raw ratings on the dialect identification scale for the four features,
depending on whether the stimuli were produced by Gheg or Tosk speakers (shade), and whether the lis-
teners were of Gheg or Tosk background (line type).

the Gheg pole of the scale for vowel nasality than for other features, as indicated by
high peaks at the Gheg extremity. For contrastive vowel length, however, there was a
tendency for Gheg stimuli to be identified as Tosk. Gheg listeners were particularly
undecided, as suggested by the absence of clear high peaks and low dips in their data
distribution.

The data were analyzed using the ZOIB regression models described before.
In Figure 5 (as well as Figures 7 and 9), the posterior values are reported separately
for Tosk and Gheg stimuli, Tosk and Gheg listeners, and the four features. The vertical
ticks correspond to the medians (M), the thick horizontal bars to the 66% credible
intervals, and the thin horizontal bars to the 95% credible intervals of the condi-
tional mean ratings. The center of the scale (value .5) is indicated by a black vertical
line.

Consistent with the raw rating distributions, the model predictions suggest ratings
toward the Tosk pole of the scale for Tosk stimuli (i.e., above .5). The opposite is true
for Gheg stimuli, except when these featured contrastive vowel length, in which case
their ratings were above .5, and the inter-stimulus differences were negligible (Gheg
listeners:M, .10; Tosk listeners:M, .07; compared to, respectively,M, .53 andM, .55 for
vowel nasality, for instance).The inter-listener comparisons suggest very similar rating
behaviors by Gheg and Tosk listeners, except for a tendency for Tosk listeners to rate
Gheg and Tosk stimuli more distinctly when these featured rounding of /a/ than the
Gheg listeners did (M, .18). Consequently, the inter-feature comparisons suggest the
following ordering of features in terms of discriminatory power: for Gheg listeners,
vowel nasality > monophthongization > rounding of /a/ > contrastive vowel length;
for Tosk listeners, vowel nasality > rounding of /a/ > monophthongization > con-
trastive vowel length. Stimuli featuring vowel nasality thus triggered the most distinct
ratings in both groups of listeners and contrastive vowel length the least distinct ratings.
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Figure 5. Medians and credible intervals for the conditionalmean ratings on thedialect identification scale
for the four features, separated by dialect of the speakerswhoproduced the stimuli (tick shade) and dialect
of the listeners (panels).

Status
Figure 6 shows the distributions of the listeners’ raw ratings on the status scale.Thepan-
els corresponding to rounding of /a/, monophthongization and vowel nasality indicate
that for these features, Gheg stimuli were rated more toward the uneducated end of
the scale, and Tosk toward the educated end. For rounding of /a/, Tosk listeners rating
Tosk stimuli used more the center of the scale than Gheg listeners rating Tosk stimuli.
Tosk stimuli featuring vowel nasality received the most polarized ratings. The panel
displaying data for contrastive vowel length does not show obvious differences in how
educatedGheg and Tosk stimuli were rated.The results for status pattern with those for
dialect identification presented in the previous section: stimuli identified as Tosk were
rated as more educated, while stimuli identified as Gheg were rated as less educated.

Figure 6. Density plots of the listeners’ raw ratings on the status scale for the four features, depending on
whether the stimuli were produced by Gheg or Tosk speakers (shade), and whether the listeners were of
Gheg or Tosk background (line type).
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The model predictions presented in Figure 7 suggest ratings above .5 for Tosk stim-
uli, that is, more toward the educated end of the scale, by both listener groups and for
all features. The Gheg stimuli were rated more toward the uneducated end, with esti-
mates below .5, for three out of four features. The Gheg stimuli for contrastive vowel
length were instead ratedmore similarly to the Tosk ones, with values above .5, by both
groups of listeners. The inter-stimulus difference is indeed negligible for contrastive
vowel length (Gheg listeners:M, .08; Tosk listeners:M, .05). The inter-listener compar-
isons suggest slightly more distinct ratings from Gheg than Tosk listeners (rounding of
/a/: M, −.07; contrastive vowel length: M, −.03; monophthongization: M, −.04; vowel
nasality:M, −.05), but the inter-feature comparisons reveal the same ranking of features
in both groups, with rounding of /a/ and vowel nasality equally ranked as having trig-
gered the most distinct ratings, followed by monophthongization, and by contrastive
vowel length.

Figure 7. Medians and credible intervals for the conditional mean ratings on the status scale for the four
features, separated by dialect of the speakers who produced the stimuli (tick shade) and dialect of the
listeners (panels).

Solidarity
Figure 8 suggests that bothGheg andTosk stimuli were generally rated asmore friendly
than unfriendly for the four features. This response pattern is quite distinct from those
obtained for the dialect identification and status scales. However, in a similar manner
to the previous scales, few differences emerge from the solidarity ratings produced by
Gheg and Tosk listeners.

All model predictions in Figure 9 lie above .5, toward the friendly pole of the scale,
irrespective of the feature, listener group, and stimulus dialect. Inter-stimulus differ-
ences are minimal, though they are notably reversed for contrastive vowel length, for
which Gheg stimuli were rated marginally higher than Tosk stimuli (Tosk listeners:
M, −.03; Gheg listeners:M, −.03; inter-listener difference: .002).The inter-listener com-
parisons show thatmonophthongization triggered slightlymore distinct ratings among
Tosk listeners (M, .04). The inter-feature comparisons suggest the following ranking
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Figure 8. Density plots of the listeners’ raw ratings on the solidarity scale for the four features, depending
onwhether the stimuli were produced by Gheg or Tosk speakers (shade), andwhether the listeners were of
Gheg or Tosk background (line type).

for Gheg listeners: rounding of /a/, monophthongization, and vowel nasality ranked
equally, followed by contrastive vowel length, which triggered the least distinct of not
very distinct ratings overall. For Tosk listeners, monophthongization ranked highest,
followed by rounding of /a/ and vowel nasality which ranked equally, and finally by
contrastive vowel length like for Gheg listeners.

Figure 9. Medians and credible intervals for the conditional mean ratings on the solidarity scale for the
four features, separated by dialect of the speakers who produced the stimuli (tick shade) and dialect of the
listeners (panels).

Discussion
The aim of this study was to document Albanians’ responses on dialect identifica-
tion, status, and solidarity scales for four features differing between Gheg and Tosk,
motivated by recent work which found some features of Tirana Gheg were changing
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while others were not, a picture which language-internal factors could not entirely
account for.

A dialect identification scale was integrated into the design to verify whether the
attitudes expressed by the participants could be interpreted as being directed at dialects.
Overall, the results suggested that this interpretation held for rounding of /a/,monoph-
thongization, and vowel nasality. For these three features, listeners were fairly accurate
at identifying dialects using the limited information contained in isolated words. Nasal
vowels appeared to be a particularly strong cue for the identification of Gheg stim-
uli, as suggested by the listeners’ polarized responses for the Gheg variant of vowel
nasality (Figure 4) and the finding that this feature triggered the most distinct ratings
between Tosk and Gheg stimuli. Combined with the comments collected by Morgan
(2015), these trends point to vowel nasality being a stereotyped feature of Gheg, in
Labov’s (1972:314) terms. On the other hand, the fairly robust reaction also measured
for rounding of /a/ and monophthongization suggests that these features are at least
markers.

The results on the status scale for rounding of /a/, monophthongization, and vowel
nasality showed that Tosk stimuli were rated as sounding generally more educated
than uneducated, while the opposite was found for Gheg stimuli. As explained before,
the advent and promotion by the Albanian state over the past 50 years of a standard
language that was much more similar to Tosk than Gheg may have contributed to
Albanians forming such an opinion. Bugge (2018:327) proposed that “the codification
of a standard spoken language and the establishment of a standard language ideol-
ogy [were] essential to the establishment of status hierarchies of spoken varieties.”
This would account for why, in linguistic settings lacking a standard like the Faroe
Islands (Bugge, 2018) or Western Norway (Anderson & Bugge, 2015), dialects’ sta-
tus is higher than in settings with an established standard, like Denmark (Kristiansen,
2009), Lithuania (Vaicekauskien ̇e, 2019), or Albania as shown in this study.

The results relative to dialect identification and status were different for the fourth
feature, contrastive vowel length. Dialect identification, in particular, was much less
distinct and accurate. As detailed in the Methods section, stimulus selection was done
differently for words featuring contrastive vowel length—that is, based on measured
acoustic characteristics, compared to perceptual assessment for the other features. We
donot think that the acoustic-based selectionper se is the cause of lower accuracy. First,
with mean vowel durations of 227 ms for Gheg stimuli and 102 ms for Tosk stimuli,
the contrast was well above the threshold of discriminability by human listeners (e.g.,
Casini, Burle, & Nguyen, 2009; Chiu, Rakusen, & Mattys, 2019; Klatt, 1976), making
the task unquestionably feasible from a psychoacoustic point of view. In addition, by
selecting stimuli with a duration within the range of one standard deviation from the
mean, these fell within a plausible duration spectrum for short and longAlbanian vow-
els (see Lehnert-LeHouillier, 2010 on language-specific thresholds). The difference in
duration is also similar to that found in other languages with contrastive vowel length
(e.g., Paschen, Fuchs, & Seifart, 2022). The reason for using a different stimulus selec-
tion technique for this feature was because the consultants who helped selecting the
other ones found the task too difficult, even considering that selecting other features
was not particularly easy (e.g., only 33% inter-consultant agreement for monophthon-
gization). If anything, this was a first insight that contrastive vowel lengthwould receive
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a different evaluation from the other features, and justified testing it on a larger sample.
This also suggests that contrastive vowel length could hold the status of an indicator.

Ratings on the status scale for contrastive vowel length indicated that bothGheg and
Tosk stimuli were perceived as more educated than uneducated, in contrast with the
previous features. The high status attributed to Gheg long vowels might explain why
this feature is preserved in Tirana Gheg while others with lower status have been found
to change toward more prestigious variants. However, we also have to consider that for
this feature, listeners were not successful at identifying Gheg stimuli as being Gheg. It
thus seems to be less about Gheg long vowels benefiting from a high status, than Gheg
vowels not being identified as such. For Tosk listeners, this poorer identification per-
formance could perhaps be explained by a lack of familiarity with Gheg (e.g., Adank,
Evans, Stuart-Smith, & Scott, 2009; Clopper & Pisoni, 2004a) given the marginal place
of this dialect in mainstream media due to standardization. However, this explanation
does not hold for Gheg listeners, who were obviously familiar with their own dialect,
in addition to being substantially exposed to standard Albanian and/or Tosk through
media and education. Chen, Rattanasone, Cox, and Demuth (2017) presented some
evidence that familiarity with another dialect increased phonological flexibility and
tolerance to phonetic variation in vowel length in Australian English listeners, and
proposed, at least for their bidialectal subjects, that the vowel length feature was not
well specified in the lexicon. Such an explanation for the relatively low performance of
Gheg listeners at identifying their own dialect based on long vowels remains specula-
tive at this stage, but may point to some difference in the cognitive representation and
processing of length compared to other vowel features.

Gheg and Tosk stimuli corresponding to the four features were rated as more
friendly than unfriendly. This may not be surprising for Gheg, given that low sta-
tus varieties tend to trigger high solidarity. The finding that Tosk was also judged
as friendly by both groups of listeners, as evidenced in this study and in Dickerson
(2021), could point to a sense of national solidarity fostered by various potential fac-
tors. One of these could be the great emphasis put for half a century or so by the
former People’s Socialist Republic of Albania on unifying Albanians into one people
(Kostallari, 1970:26). Albanians’ mutual tolerance in other cultural spheres such as
religion has also been cited as exceptional within the European context (Kruja, 2020;
UNDP, 2018). In addition, the idea of Albanians standing united against other ethnic
groups or nationalities formed part of the backdrop against which a national identity
arose from 1912, after Ottoman withdrawal from the Balkans (e.g., Bego, 2020; Xhudo,
1995). Whether or not these factors have contributed to the participants perceiving
each other as friendly, Tosk is not a unique case of high status, high solidarity variety.
For Singapore Standard English, whichwas highly rated on both dimensions, Cavallaro
and Chin (2009:155) suggested a possible role of government-sponsored campaigns
overtly promoting the standard.

Some differences emerged between responses provided by Tosk and Gheg listeners.
When responding on the dialect identification scale, Tosk listeners ratedGheg andTosk
stimulimore distinctly when these featured rounding of /a/ than theGheg listeners did,
while the opposite was found for monophthongization. On the solidarity scale, Tosk
listeners produced more distinct ratings of Gheg and Tosk stimuli featuring monoph-
thongization than the Gheg listeners did. While these differences have influenced the
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scale-contextual ranking of features obtained from inter-feature comparisons, their
magnitude was so small that we are not confident these trends could be replicated.
Broadly speaking, our results are thus compatible with the recurrent observation that
members of a speech community are consistent in their judgments.

Overall, our results show differences across features which suggest a connection
between attitudes and dialect stability and change: the two features previously found
to change in Gheg, rounding of /a/ and monophthongization, were attributed a low
status and were clearly identified as Gheg; whereas the stable feature, contrastive
vowel length, was not convincingly identified as Gheg and was attributed a high sta-
tus. In the Albanian context, attitudes thus seem to fill an explanatory gap left by
only considering language-internal factors. This leads us to argue that attitudes are a
language-external factor worth considering alongside language-internal ones in stud-
ies of language change, as low status features are more prone to be replaced. Models
which seek to explain sound change, and in particular the actuation problem, might
always miss a piece of the puzzle if attitudes are not considered (Pinget, 2015).

Labov (2006:203) introduced a distinction between linguistic change from above
and from below, mainly based on speakers’ awareness. While changes from below pass
under the speech community’s radar, changes from above benefit from full aware-
ness, and usually involve prestigious variants whose social distribution is reshuffled.
Evidence was found in this study that listeners were aware of co-existing variants,
and that they judged more favorably the Tosk ones. Variants of changing features are
currently redistributed within Albanian society, with Gheg speakers living in Tirana
adopting the Tosk/standard ones (Riverin-Coutlée et al., 2022). The dynamic of these
changes is characterized by an urban–rural divide, as Tirana Gheg was found to be at a
more advanced stage than Gheg spoken in a rural area nearby (Riverin-Coutlée et al.,
2022). In Morgan’s (2015:49) study, there were some indications that the interviewed
participants were attuned to this urban–rural divide: they hypothesized that vowel
nasality andmonophthongization, which they occasionally encountered in Tirana, had
been “borrowed” from more remote areas of Gheg and added to Tirana speech which
was otherwise qualified as standard. In reality, Tirana is located in a Gheg-speaking
area, and has always been described as comprising these features, but because the par-
ticipants’ attitudes toward Gheg conflicted with the urbanity of Gheg speakers living in
Tirana, an excuse wasmade up to justify the presence of certain dialect features in their
speech. All this points to changes from above, with a high degree of awareness of the
changing features, and the speech community conceptualizing feature (re)distribution
in a way that is somewhat aligned with the documented course of the changes, that is,
characterized by an urban–rural divide.

There are limitations to this study which hinder the generalizability of our findings
to all Albanians. As mentioned before, there are segments of the population which we
could not reach with an online experiment, as reflected for instance in the relatively
young age of the sample. We cannot exclude that the results would have been different
had we collected responses from older participants with limited capacity to access the
internet. Another limitation has to do with the response format. VASs allow expressing
nuanced distinctions in ratings which are impossible to capture with, say, Likert scales,
where the pre-determined set of labeled alternatives is small. Likert scales are affected
by a number of limitations and biases, like the “central tendency” bias (Sims, 2002:94),
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which VASs eliminate or at least mitigate (Llamas & Watt, 2014). However, the less
constrained interface of VAS opens the door to more variability, whose origin may or
may not be related to the phenomenon under investigation. In this study, a great deal
of response variation can be ascribed to inter-listener differences in their interaction
with VAS, where some individuals tend to remain close to the midpoint, others to use
the whole range, others to use only the extremes. While this appears to be quite com-
mon (e.g., de Hoop et al., 2023:Figure 3; Kim, Clayards, & Kong, 2020:Figure 5) and
not exclusive to language-related phenomena (e.g., Wentzky & Summers, 2020 on rat-
ing videos of factory tasks), it is still not established whether individual approaches to
VAS reflect aspects of relevance for a given study, or general cognitive strategies in the
interaction with the rating interface (van Osch & Stiggelbout, 2005).

High inter-listener variability posed a challenge to statistical modeling, which we
tackled in two steps. First, we fitted Bayesian ZOIB regression models, which to our
knowledge are currently among the most sophisticated ones for the analysis of VAS
data (see Liu & Eugenio, 2018 for a review). Second, since the fitted models did not
score very high in terms of explained variance (similarly to de Hoop et al., 2023),
we compared the results to a companion set of Bayesian logistic regressions applied
to a binary version of the response data, which confirmed all the general qualitative
trends obtainedwith ZOIBmodels.We argue that the difficulties we encountered in the
modeling may reveal an absence of statistical instruments targeted to data that exhibit
strongly characterized latent profiles, which may not be effectively factored out by the
classic hierarchical structure provided by mixed-effect regression (ZOIB or other).

Conclusion
This study showed that understanding dialect and language change benefits from
considering attitudes. It also provided further evidence that listeners are sensitive to
government-promulgated language ideology. As VASs are increasingly used in vari-
ous fields, the study identified critical difficulties in handling VAS data and areas of
improvement in terms of knowledge andmodeling. Finally, due to ourmethodological
choices, a question that remains open is whether the evaluation of a feature may influ-
ence that of another (Campbell-Kibler, 2011; Montgomery & Moore, 2018; Pharao,
in press; Watson & Clark, 2015). For example, could phonetic features be overlooked
when a syntactic feature is present? What the study does show, however, is that a sin-
gle word is clearly enough to trigger a measurable reaction (Scharinger, Mohahan, &
Idsardi, 2011) and for people tomake judgmentswhichmay thenplay a role in language
change.

Supplementarymaterial. The supplementarymaterials, as well as the data and code necessary to replicate
the analysis, are accessible here: https://osf.io/cp4at/.
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Notes
1. Some authors make a link between stereotypes and the notion of salience (e.g., Montgomery &
Moore, 2018).
2. These are not the terms used in Morgan’s (2015) study, who instead bundled together various phenom-
ena under the labels “Tirana O” and “shortening,” which include vowel nasality and monophthongization
respectively.
3. These specific pairs of adjectives were selected from the longer list in Zahn and Hopper (1985) because
they were easily translatable into Albanian and because we and our three consultants judged them culturally
meaningful and appropriate.
4. For ease of exposition, the poles of two scales were reversed compared to the original experiment: 0 now
corresponds to Gheg on the dialect identification scale, and to uneducated on the status scale.
5. In a ZOIB model, the conditional mean of the response is not modeled by a single parameter. Its form is:

𝛼zoi⋅𝛼coi + (1 − 𝛼zoi) ⋅𝜇

where μ is the mean of the beta distribution, αzoi is the zero-one inflation probability, and αcoi is the
conditional one-inflation probability.
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