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Abstract

In order to examine how a sociophonetic variable is realized in instructor input compared to
speech outside the classroom, this study analyzed the production of the Spanish trill by
instructors in both contexts. Different linguistic constraints conditioned the production of the
multiple-occlusion variant across contexts. Additionally, participants adjusted their speech
towards a more formal, standard pronunciation in the classroom, producing more canonical
multiple-occlusion trills than in the conversations. However, each participant also produced a
range of other variants: between one and eight distinct non-canonical variants in the classroom
and between three and eight in the conversations. Thus, variation was still present in the
classroom, indicating that students are exposed to trill variation in their classroom input.
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Introduction

Sociolinguistic research shows that the production of the Spanish trill /t/ is highly variable in
native speech (e.g., Diaz-Campos, 2008; E. Willis, 2007; Zahler & Daidone, 2014). Separately,
recent studies indicate that Spanish instructors’ language in the classroom differs in several ways
from Spanish used outside the classroom (e.g., Daidone, 2019; Dracos, 2018; Kuder, 2019,
2020). Additionally, research on variation in teacher talk in English, French, and Chinese finds
that instructors frequently use formal speech in the classroom, sometimes even beyond that of
speakers from the highest social class in the surrounding community (see Mougeon & Rehner,

2019). This suggests that teachers may be removing variation from their speech, despite



increased calls for its inclusion in the classroom to help develop learners’ sociolinguistic
competence (e.g., Gutiérrez & Fairclough, 2006). However, as a field, we know relatively little
about oral input in the Spanish language classroom, particularly for sociolinguistically variable
forms. Thus, the current study examines trill variation in Spanish teacher talk compared to their
speech outside the classroom to determine what phonetic variation, if any, instructors are
including in their input to learners and how this input differs from the Spanish that learners hear

outside the classroom.

Background

Connection between input and learner development

Usage-based theories of second language (L2) acquisition posit that characteristics of
input shape learners’ mental grammars (e.g., Bybee, 2008; Geeslin et al., 2023). According to
these approaches, language users constantly track how often forms are used and in what contexts.
Learners’ grammars emerge from these properties and are continuously updated as more input is
encountered. Thus, in order to understand L2 grammars, it is essential to understand the input that
learners receive.

For many lower-level classroom language learners, much of their spoken input comes
from teacher talk, and research suggests that learners are sensitive to this input. Hayes-Harb,
Barrios, and Tripp (2022) had participants listen to both “students” and “teachers” while learning
an artificial language. Afterwards, participants judged productions by another “student”. The
researchers found that the participants preferred the phonetic realizations that matched what they
had heard in the “teacher” input instead of the “student” input, suggesting that learners privilege

the input they receive from instructors over that of their peers. Additionally, studies typically



find a clear relationship between instructor input and learner output. Hamayan and Tucker (1980)
examined the production of French syntactic forms in teacher input and in learner output, finding
that the frequency of nine structures in classroom input correlated with the rate of learners’ target
use of those forms. Rehner and Mougeon (2003) found in Ontario that French immersion
learners’ rates of use of different expressions of consequence (e.g., alors ‘therefore’) closely
mirrored those of their instructors rather than rates of the expressions found in their textbooks
and workbooks or produced by native Quebec French speakers. In a corpus of English as a
Second Language teacher talk, Trofimovich et al. (2012) investigated the frequency of the
phoneme /0/ (as in the) in different phonetic contexts and compared it to the accuracy of this
phoneme in the same contexts in learner speech. They reported that learners’ accuracy changed
over time only in the phonetic contexts with the highest frequency in their input, illustrating that
phonological acquisition also mirrors patterns found in input. Furthermore, while learners
typically receive explanations and targeted input for morphosyntactic structures as part of
classroom instruction, the only source of information in the classroom about phonological

categories may be the input heard during unrelated activities.

Pronunciation Instruction in the Classroom

In early approaches to language teaching before the 1960s (i.e., the Direct Method and
Audiolingualism), acquiring native-sounding pronunciation was a high priority and training was
part of the curriculum. With the advent of Communicative Language Teaching and the Natural
Approach in the 1980s, however, pronunciation training fell to the wayside (Jones, 2005). While

there are renewed calls for its integration into the world language curriculum (e.g., Darcy, 2018;



Levis & Echelberger, 2022) and efforts to incorporate it into Task-Based Language Teaching
(see Mora & Levkina, 2017), pronunciation is still often absent from world language classrooms
in general and from Spanish language classrooms in particular.

First, pronunciation is rarely mentioned in Spanish teaching materials. Arteaga (2000)
reviewed ten first-year Spanish textbooks and lab manuals published between 1996 and 1998,
finding that only four had any pronunciation training in the textbook, and one had none at all in
either the textbook or the lab manual. When present, pronunciation training appeared in less than
half of the chapters, and all ten textbooks contained inaccurate phonetic explanations. A recent
study (Offerman, 2024) did a conceptual replication of Arteaga (2000), examining ten additional
first-year Spanish textbooks, finding that little has changed over the last 20 years. Popular
Spanish textbook series still rarely include pronunciation instruction and were found to still
contain some of the inaccuracies found in Arteaga’s (2000) study.

Perhaps partially due to the lack of pronunciation instruction in written materials, it
seldom forms part of a language curriculum, which is often focused solely on morphosyntactic
structures and vocabulary, and it is rarely assessed. Furthermore, most language teachers are not
trained to teach pronunciation and are not confident in their ability to do so. Subsequently,
instructors tend to only address pronunciation in reaction to egregious errors (see Levis &
Echelberger, 2022). This dearth of systematic pronunciation instruction in language courses
makes documenting patterns in the input even more important for understanding the acquisition

of phonology by classroom learners, particularly given the unique characteristics of teacher talk.

Features of Instructor Input



Speakers naturally accommodate their speech to their interlocutors in social, interactional
environments (Gallois et al., 2005), and thus it is unsurprising that teacher talk often differs from
language spoken outside the classroom (e.g., Daidone, 2019; Dracos, 2018; Kuder, 2020). In an
investigation of past tense forms, Daidone (2019) found that the spoken input provided by
Spanish instructors was skewed toward the use of the preterit compared to those same verbs used
in native speaker corpora, where the preterit and imperfect were more balanced. Concerning
Spanish subject expression, Dracos (2018) discovered that teacher talk had a higher rate of overt
subject pronoun use in the classroom compared to conversational data with the same instructors.
In both studies, the authors suggested that the type of discourse used by instructors could
partially account for these differences.

World language instructors are simultaneously using the target language for instructional
and administrative purposes, resulting in a mixture of linguistic and paralinguistic cues in the
input (Christie, 2002; J. Willis, 1992). Instructional speech typically features language grading,
or modified speech that is similar to infant- and foreigner-directed speech styles. Like other
presentational speech styles such as TED Talks, news broadcasts, and speeches, teacher talk
often involves slower, louder, clearer, more deliberate speech with more pauses, more emphasis,
limited verbal inflections, and restricted vocabulary (Crystal, 2005; Stanley & Stevenson, 2017,
Thornbury & Watkins, 2007). Furthermore, research has reported that classroom input tends to
contain more formal variants than speech outside the classroom. Li (2010) observed that the
Chinese genitive, attributive, or nominalization marker de was deleted less often in instructor
input than in sociolinguistic interviews with Mandarin native speakers. In a study examining a
range of morphosyntactic and lexical variables, Mougeon and Rehner (2019) found that teachers

in French-medium schools in Ontario tended to use variants matching the prescriptive norm at a



higher rate than they were used in their wider speech community outside the classroom. As these
researchers stated, “the formal setting of the classroom has been found to have a normalizing
impact on teacher variant choice” (Mougeon & Rehner, 2019, p. 182).

Simplified and more formal characteristics of classroom speech have also been identified
in studies on speech prosody. In read speech directed at language students, Spanish teachers used
many traits of formal or emphatic speech styles such as increased pitch range, early FO peak
alignment, boundary tones to indicate important target forms, less FO suppression, increased
intensity, and a slower speech rate (Rao, 2011). Similarly, in Kuder’s (2019) study of prosodic
qualities of teacher talk using a portion of the data analyzed in the present study, the author
found that teacher talk typically exhibited exaggerated articulation through increased intensity,
slower speech rate, higher FO mean, and wider FO range, among other characteristics. She
associated the modifications with those used during foreigner- and infant-directed speech for
purposes of intelligibility and comprehensibility (see Stanley & Stevenson, 2017). A related
study showed that the same L2 instructors produced rhythmic and emphatic rhetorical stress
during classroom speech to gain the attention of the students and demonstrate authority (Kuder,
2020). Furthermore, evidence suggests that teachers manipulate the relative prosodic strength of
constituents to indicate communicative importance. Gerard and Dahan (1995) discovered that
readers mark the importance of a target word by reducing the speed of their speech leading up to
it. Similarly, in a laboratory study of unscripted speech, Rao (2006) found that emotionally
charged or important utterances are phonetically strengthened and exhibit early FO peak
alignment, strategies that mark prominence.

Given the research showing a higher rate of simpler and/or more formal morphosyntactic

and lexical variants in the classroom and the documented prosodic modifications characteristic of



didactic and emphatic speech styles, we hypothesize that teachers also tend to use the canonical
realization of variable sounds. This remains an open question, however, because to our
knowledge, studies have not examined instructors’ production of sociophonetic variation in the

classroom.

Native Trill Production in Spanish

The production of the Spanish trill /r/ is a good test case for examining sociophonetic
variation in teacher talk because it is both highly variable—within and across speakers—and
extensively documented in native speech outside the classroom. While the prescriptive variant is
a voiced alveolar trill with multiple occlusions (Hualde, 2005, p. 181), numerous other variants
have been attested such as approximants, fricatives, and taps or trills preceded or followed by
another element (e.g., Bradley, 2006; Diaz-Campos, 2008; Diez Canseco, 1997; Henriksen,
2014; Lamy, 2015; Melero Garcia, 2015; E. Willis, 2006, 2007; Zahler & Daidone, 2014).
Indeed, some studies reported that the canonical voiced alveolar trill with multiple occlusions
was not the most frequent variant in their data. For example, Willis (2007) classified 96% of
tokens as other variants, mainly pre-breathy voiced taps or trills, in an investigation of Cibaefio
Dominican Spanish. To a lesser degree, Melero Garcia (2015) also reported a high rate of other
variants, with 56% of tokens from Valencian Spanish speakers having less than two occlusions.
Even in Henriksen’s (2014) study of two conservative Peninsular varieties, 29% of the tokens
were not produced as the canonical variant. Some of these studies also illustrate that variation is
present within individual speakers. Willis (2006), for instance, reported that all 10 participants in

his study produced at least three different variants.



This variation in /r/ realization is conditioned by linguistic and extralinguistic variables,
including phonetic context, word frequency, dialect, task type, and speaker sex, age, and social
class. Regarding phonetic context, some studies have reported no effect (e.g., Diaz-Campos,
2008; Zahler & Daidone, 2014), whereas others have found differing results for the effect of
surrounding vowels. For example, while Lamy (2015) found that a preceding /o/ or /u/ favored
the multiple-occlusion variant, Henriksen (2014) observed that a preceding /u/ was associated
with fewer occlusions compared to a preceding /o/, but for only one of the two Peninsular
dialects examined. Studies generally agree, however, that a preceding /s/ is less conducive to a
canonical pronunciation compared to other segments (e.g., Bradley, 2006; Diez Canseco, 1997).
More frequent words are less likely to be produced as the multiple-occlusion variant (Lamy,
2015; Zahler & Daidone, 2014), although Melero Garcia (2015) reported the opposite effect. In
terms of social variables, women tend to produce more normative variants (e.g., Diaz-Campos,
2008; Henriksen, 2014), but not always (e.g., Diez Canseco, 1997; Lamy 2015). Task type also
affects trill production, with more controlled tasks resulting in more canonical realizations than
interviews or conversations (Diez Canseco, 1997).

This review shows that /r/ can be realized in various ways and influenced by numerous
factors. Additionally, not all non-canonical variants are stigmatized or limited to individuals
unlikely to become language instructors. For example, Willis (2007) found the canonical trill to
be the least common variant among college students, and Diaz-Campos (2008) observed that the
upper class in Caracas, Venezuela disfavored the canonical variant. Thus, while we may predict
that Spanish instructors use the more formal, prescriptive multiple-occlusion variant in the

classroom, other variants may also be represented.



Second Language Trill Production

Research on the acquisition of the Spanish trill by English-speaking learners shows that
the use of the canonical variant tends to rise as proficiency increases (e.g., Face, 2006; Olsen,
2012; Reeder, 1998; Rose, 2010). For instance, Reeder (1998) found that first-semester Spanish
students produced the normative trill in 7% of tokens, third-semester students in 13%, and upper-
level undergraduate and graduate students in 37%. Besides the canonical variant, learners may
produce an approximant with or without a lowered third formant, a tap, a tap followed by
assibilation or r-coloring, or a fricative, among other realizations (e.g., Daidone & Zahler, 2021;
Face, 2006; Rose, 2010; Zahler & Daidone, 2023). While this variation partly reflects
developmental steps towards producing the articulatorily difficult canonical trill (see Daidone &
Zahler, 2021), learners might also encounter some of these variants in their input from
instructors. Investigating teacher talk can help us understand the likelihood of different variants

serving as target realizations for L2 learners.

The Current Study

According to Face (2006), the canonical voiced alveolar trill with multiple occlusions is
“uniformly the sound taught to students studying Spanish as a L.2 in the United States” (p. 48).
Similarly, Olsen (2012) cited Face (2006) and stated that although variation exists, “rhotics that
L2 learners are taught in classroom settings in the United States can be described simply as
alveolar taps and alveolar trills” (p. 68). However, research suggests that students are unlikely to
encounter more than a brief, unplanned explanation of this sound outside of a Spanish phonetics
class. Given the centrality of input in the development of an L2 and the likelihood of little to no

explicit pronunciation instruction, we believe it is particularly important to investigate



phonological characteristics of teacher talk. While sociolinguistic studies have extensively
documented variation in native speech, we have yet to learn how patterns of sociophonetic
variation translate to the classroom in terms of both frequency of variants and factors affecting
their use. With the Spanish trill as a first step in this line of research, the present study aims to

answer the following research questions:
(1) What trill variants do instructors use in and outside the classroom and at what rate?

(2) What factors condition the use of the canonical multiple-occlusion variant in and outside the

classroom? Do the conditioning factors differ between contexts?

Method
Participants

The participants in this study were six female instructors of Spanish who identified as
native speakers and who were all also either advanced speakers of English (» = 4) or who had
English as their co-primary language (n = 2).! Marta, Carmen, and Maria were born in Spain and
Elena in Puerto Rico, all with Spanish-speaking caregivers, and all of whom moved to the
continental U.S. as adults. Sofia was born in Madrid, Spain to a Spanish-speaking father and
English-speaking mother from the U.S. She grew up bilingual in both languages and moved to
the U.S. at age 23, although she traveled there frequently as a child to visit extended family.
Juana was born in the U.S. to two Spanish-speaking parents, one from the Dominican Republic

and one from Argentina. She was exposed primarily to Spanish in the home until age 3 when she

! Participants are subsequently described using pseudonyms.



began to attend an English-language preschool. A summary of instructor demographic

information is found in Table 1.

Table 1

Participant demographic and educational profiles

Age of "
. years
Spamsh first Length of teachin Level of study and
dialect exposure . . g
Instructor Age time living Spanish at subfield of graduate
exposure to inUS ) stud
from birth English >+ time of study Y
Marta Valladolid, 24 7 5 months <1 MA student, Spanish
Spain literature and
linguistics
Carmen Canary 29 8 5 months 2.5 MA student, Spanish
Islands, literature and
Spain linguistics
Juana Dominican 23 3 22.5 years <1 MA student, Spanish
Republic, literature
Argentina
Elena Mayaguez, 26 5 6.5 years 3.5 PhD student, Spanish
Puerto Rico literature
Maria Malaga, 33 6 4.5 years 6.5 PhD student, Spanish
Spain linguistics
Sofia Madrid, 45 0 25 years 19 PhD student, Spanish
Spain linguistics
Recordings

For the classroom data, this study analyzed 18 recorded class sessions, with three
recordings from each of the six participants. Two of the participants (Marta and Carmen) were

recorded during Spring 2015 at a large public U.S. university, each providing three 50-minute in-



person recordings from their third-semester Spanish courses taught in person. The instructors
wore discreet clip-on Olympus digital audio recorders attached to their clothing while teaching.
The remaining four instructors (Juana, Elena, Maria and Sofia) taught hybrid or fully online
courses during Spring 2021 at a different large public U.S. university. Classes were recorded via

Zoom, using either the microphone on the instructors’ laptops or on AirPods.

Participants were instructed to find a spot with minimal background noise and in which
they were alone. Given that the participants’ microphone quality varied based on their selection,
and they were recorded in environments that differed in degree of background noise (i.e., fans,
pets, etc.), the recordings varied in their level of interference. Juana taught a fully online second-
semester course that took place for 75 minutes, three days a week. Maria taught a hybrid first-
semester course with one day online and two days in person for 75 minutes each week. Elena
taught a hybrid third-semester course that took place two days a week for 80 minutes, with one
day online and one day in person. Lastly, Sofia taught a fully online third-semester course that
held two 80-minute classes a week. Thus, the total number of minutes analyzed per instructor

varied, as indicated in Table 2.

Table 2

Number of minutes of classroom audio analyzed per instructor

Instructor Number of minutes Class type Level
analyzed
Marta 150 In-person 31 semester
Carmen 150 In-person 31 semester
Juana 225 Online 2" semester

Elena 240 Online 3™ semester



Maria 225 Online 1% semester
Sofia 240 Online 3" semester

TOTAL 1,230

The conversational data for this study originated from two informal oral tasks completed
by the instructors outside the classroom. The data were drawn from two distinct datasets
collected for separate projects but combined here to increase sample size for the current study.
Participants Juana, Elena, Maria and Sofia completed a sociolinguistic interview with the first
author after the course ended, conducted via Zoom and totaling three hours of audio data. The
interviewer (the first author) was a colleague of the participants, and a former instructor of three
of them. She had known each participant for at least two years at the time of data collection and
had spent time with them in work and more casual settings. The interviewer and three of the
participants who completed the sociolinguistic interview regularly interacted (two or more times
per week) at the time of data collection. The interviewer interacted approximately twice per
month with Elena. The interviewer ordered questions from more general, impersonal, or non-
specific topics to more specific, personal ones following norms in the field of sociolinguistics
(Labov, 1972). These questions were designed to elicit narratives about participants’ personal
experiences to encourage the use of more vernacular forms used in conversational speech styles.
The interviews were recorded via Zoom and participants used either their computer microphone
or AirPods. Participants Marta and Carmen completed a 45-minute in-person focus group
interview to elicit conversational speech. This activity involved an interaction between two
members of the same social group, in this case the two instructors, in which the participants were
asked to engage in regular conversation about any topic of interest. Participants had a list of

suggested discussion questions on a variety of topics, and a third individual (another native



speaker of Spanish not associated with the study) was present to facilitate the discussion.
Participants Marta and Carmen were friends and colleagues in the same academic program and
regularly interacted. This familiarity between the instructors increased the likelihood that they
would produce speech resembling a natural conversation even with the presence of individual
voice-recorders. Despite the different data elicitation methods used for the conversational speech
data, the datasets are combined in this study to serve the purpose of providing a baseline for

conversational speech style as it contrasts with didactic speech used in the classroom.
Coding of Dependent Variable

The dependent variable for this study was the phonetic realization of all tokens found in
the phonological trill context, specifically word-initial <r> (e.g., rana ‘frog’), intervocalic <rr>
(e.g., carro ‘car’), and syllable-initial <r> after a homorganic consonant (e.g., alrededor
‘around’; Hualde, 2005, p. 183). Each token of phonemic /r/ was identified (classroom, n =515,
conversation, n = 334) and classified as one of 13 variants, excepting any instances where
background noise or overlapping speech made a token unanalyzable. These categories came
from previous literature on the trill (e.g., Rose, 2010; E. Willis, 2007; Zahler & Daidone, 2023),
as well as variants observed in the current dataset. We used Praat (Boersma & Weenink, 2019) to

examine each token and classify it based on the acoustic properties outlined below.

1. A voiced alveolar trill with two to three and a half occlusions (canonical multiple-
occlusion variant <4; Figure 1)

2. A voiced alveolar trill with four or more occlusions (canonical multiple-occlusion variant

>4; Figure 2)

An alveolar tap (one occlusion; Figure 3)

A tap followed by a partial occlusion or a native-like approximant (Figure 4)

A tap followed by frication (Figure 5)

An approximant with a flat F3 and formant structure visible throughout (Figure 6)

An assibilated variant (Figure 7)

A pre-aspirated or pre-breathy voiced multiple-occlusion variant (Figure 8)

NNk W



9. An epenthetic vowel before a tap or tap plus partial occlusion (Figure 9)

10. An epenthetic vowel before a multiple-occlusion variant (Figure 10)

11. Deletion (elision; Figure 11)

12. An approximant with a lowered F3 and audible r-coloring (Figure 12)

13. A trill that was a combination of more than one of the previous categories or did not fit
into one of the categories (Figure 13)

Figure 1

Multiple-occlusion variant with 3.5 occlusions. Terror. Elena — Conversation
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Figure 2

Multiple-occlusion variant with 6 occlusions. (Equi)po rosa. Carmen — Class 1
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Figure 3

Alveolar tap with one occlusion. Es repi(te). Sofia — Class 2
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Figure 4

Tap followed by a partial occlusion. Carrera. Maria — Conversation
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Figure 5
Tap followed by frication. (M)uy ra(ro). Elena — Conversation
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Figure 6
Approximant with flat F3. Irregu(lar). Elena — Class 2



5000

Frequency (Hz)

=}

irrcgular ‘

appr’oximant with ﬂ%t K3

|
55
|

W] 0.453
Time (s)

Figure 7

Assibilated variant. (Comi)da rap(ida). Juana — Class 2
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Figure 8

Pre-breathy voice plus multiple-occlusion variant. Agarré. Juana — Class 1
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Figure 9

Epenthetic vowel followed by tap. Sus res(puestas). Juana — Class 3
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Deletion. Recibi. Maria — Conversation
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Approximant with lowered F3. Romp(i6). Elena — Class 3
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Other: Pre-voicing + 2.5 occlusions + approximant with lowered F3. Roja. Elena — Class 1
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Coding of Independent Variables



The data were coded for several linguistic features. The first variable considered was the
manner of articulation of the preceding segment, categorized as /a/, /e/, /i/, /o/, /u/, sonorant,
obstruent or pause. High vowels were grouped together in both analyses due to patterning
similarly and low token count for /u/; however, /e/ and /o/ were only combined into a mid vowel
category in the classroom analysis because their behavior patterned differently in the
conversational data. The second constraint was following vowel, in which each of the five
Spanish monophthong vowels were coded into separate categories. High vowels were again
combined in both analyses due to patterning similarly. We also included a measure of broad
lexical frequency by using the EsPal log-frequency score from the Castilian Spanish subtitle
subcorpus (Duchon et al., 2013) for the word containing the trill token. This variable was
included since more frequent words in a language user’s repertoire are expected to be
phonetically reduced more often (e.g., Bybee, 2002) and since lexical frequency has been shown
to impact trill variation in prior studies (Lamy, 2015; Zahler & Daidone, 2014). The coding for
the aforementioned variables was based on Zahler and Daidone (2023).

We included several factors specific to our dataset. First, we coded for the frequency of
the lexical item within the recording. We expected that classroom lexical frequency may differ
from overall lexical frequency in Spanish, although the same could be the case with the
conversational data. We wanted to capture these potential differences to determine if and how the
two measures of frequency affected variation. EsPal frequency measures were not correlated with
word frequency in the classroom data or conversational data (both » < 0.50), and thus the two
types of frequency measures could be included together in the models.

Lastly, for the classroom data, we coded for two discursive variables in order to account

for the potentially differentiated use of trill variants related to focus and discourse function.



Because reduced speech rate has been associated with marking communicative salience (Gerard
& Dahan, 1995), it is possible that instructors also strengthen segmental variants when
introducing target words for the first time, especially during grammar or vocabulary instruction.
Consequently, we coded the data to account for whether it was the first use of the word or not
within each class session. We also coded all tokens to account for the pluralistic communicative,
pragmatic, and didactic functions at play during instructional speech due to their documented
correlation with acoustic prominence (Christie, 2002; Rao, 2006, 2011; J. Willis, 1992). This
variable included three categories modeled after those used in Kuder (2019), each containing
several related discursive and pragmatic functions that occurred in the classroom. The first
category was administrative acts, which included dictation of written instructions, prompts for
oral or written production, and leading questions for discussion or comprehension. The second
set contained descriptive acts, which included oral instructions for activities, grammar
explanations, discussion of vocabulary or neutral functions, such as greeting students, salutations,
jokes, and asides. Lastly, we included a category for interpersonal, response-seeking acts that
contained behaviors such as correcting a student using repair or recast, modeling the language to
elicit a response, and tags and praises. We posited that instructors would use more emphatic trill
variants such as the multiple-occlusion variant during administrative acts when presenting new,

important information and holding students’ attention.

Analysis

Before data analysis, we completed a reliability check of the coding for the dependent
and independent variables of preceding segment, following vowel, and discourse type because

each author individually coded approximately one third of the tokens. The coding of these



variables for 174 of the conversational speech tokens and 209 of the classroom speech tokens
were verified by another author. We then met to discuss any discrepancies between coding or
items for which we were unsure (n = 70) and came to a consensus. Each author subsequently
recoded their remaining tokens accordingly. Most discrepancies were due to three recurrent
issues. First, one author coded all trills with 3.5 occlusions as the >4 occlusion variant. This was
changed so that all tokens with 3.5 occlusions were coded as the <4 occlusion variant. Second,
some trills that were coded as a tap were recoded to include a partial occlusion that was
originally missed. Third, one author coded the preceding segment as an obstruent if it was a
deleted syllable-final /s/, while the other two authors coded it for the vowel preceding the /s/.
After consultation, we agreed to code it for the vowel since the /s/ was not phonetically realized.
In cases where the /s/ was phonetically realized as [s] or [h], we coded the preceding context as
an obstruent. These changes were implemented, and any difficult cases were subsequently
discussed between the authors.

After calculating descriptive statistics for the data, we conducted two generalized linear
mixed-effects regression analyses in SPSS, one for the classroom speech data and one for the
conversational speech data. For each analysis, the dependent variable was binary: the production
was categorized as either the canonical multiple-occlusion variant (with two or more occlusions;
categories 1 and 2) or as another variant (categories 3 through 13). We chose to use a binary
dependent variable since our research objective is to determine the factors that condition the use
of the canonical multiple-occlusion variant in each context, given that this variant is the
prescriptive norm and highly salient. Thus, we expect the canonical multiple-occlusion trill to
occur more in didactic or emphatic speech, which we expect to occur more often in the

classroom. However, we must acknowledge that in collapsing the dependent variable categories



into a binary distinction between the canonical variant and all other variants, we are unable to
analyze whether the other variants occur in distinct contexts from each other. We do not assert
that all non-canonical variants are used in the same way by participants or occur in the same
linguistic and social contexts.

The independent variables for the classroom data were the following: (1) manner of
articulation of the preceding segment; (2) following vowel; (3) whether it was the first use of the
word in the recording or not; (4) discourse type; (5) EsPal log frequency; (6) lexical frequency in
the class recording. The independent variables for the conversational data were the following: (1)
manner of articulation of the preceding segment; (2) following vowel; (3) EsPal log frequency;
(4) lexical frequency in the conversational data. For both analyses, participant was included as a
random effect. We did not include individual lexical item as a random effect because that would
require us to only use those tokens for which the lexical item occurred more than once in our
dataset. This would exclude 88 tokens from the classroom data (n = 515) and 117 tokens from

the conversational data (n = 334). This degree of data reduction was not, ultimately, feasible.

Results

Table 3 displays the overall token counts and percentages for each variant by context. As
can be seen in this table, canonical trills with two or more occlusions (the first two variants) were
the most frequent type of realization in both contexts, and these variants constituted a greater

percentage of the classroom speech (69%) compared to the conversational speech (49.7%).

Table 3

Summary of variants produced in classroom speech and conversational speech



Classroom Conversational

speech speech
Variant n % n %
Trill (2-3 occ.) 295 57.3 161 48.2
Trill (4+ occ.) 60 11.7 5 1.5
Pre-aspirated/Pre-breathy 2 0.4 1 0.3
Tap + frication 10 1.9 12 3.6
Tap + approx. 48 9.3 51 15.3
Tap 16 3.1 23 6.9
Approx. (flat F3) 36 7.0 44 13.2
Approx. (lowered F3) 13 2.5 1 0.3
Assibilated 20 3.9 29 8.7
Epenthetic vowel + tap 5 1.0 5 1.5
Epenthetic vowel + trill 5 1.0 1 0.3
Other 5 1.0 1 0.3
TOTAL 515 100% 334 100%

Figures 14 and 15 visually present the number of tokens of each variant produced by the
individual speakers for each of the classroom and conversation contexts, respectively. Note that
the y-axis differs between these figures due to the smaller number of tokens in the conversational
data. Figure 16 displays a comparison between the two contexts in percentages. Detailed tables
for each context that contain the token counts and percentages for each variant by participant can
be found in the Appendix. Findings demonstrate that each speaker produced between three and
ten variants in each speech context. The speaker that showed the least amount of variability in
any context is Maria, who produced three different types of variants in her classroom data. The
remaining instructors demonstrated more variation in their classroom speech, and all instructors
produced four or more distinct variants when speaking conversationally. Furthermore, all
participants used more trills with four or more occlusions in classroom speech compared to
conversational speech, while five of the six participants also used a greater percentage of trills
with two to three occlusions in the classroom. However, Sofia used the variant with two to three

occlusions more than 75% of the time during conversational speech but only about 40% during



classroom speech. Instead, this speaker uttered several variants not observed in her

conversational speech data such as approximants and taps.

Figure 14

Number of tokens of each variant by participant in classroom speech
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Figure 16

Comparison of trill production in classroom and conversational speech
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Table 4 presents the number of all canonical variants with two or more occlusions

produced by each speaker in each context, as well as their average number of occlusions.

Table 4
Average number of occlusions for multiple-occlusion variants by participant and context

Classroom Speech Conversational Speech

Participants M # of occlusions n M # of occlusions n
Marta 2.53 (SD =0.56) 50 2.23 (SD =0.39) 24
Carmen 2.90 (SD=0.91) 104 2.58 (SD=0.77) 37

Juana 2.68 (SD=0.77) 28 2.67 (SD=0.58) 3

Elena 3.04 (SD=0.77) 97 2.55(SD=0.57) 41

Maria 2.71 (SD=0.72) 35 2.20 (SD =0.39) 45

Sofia 3.45(SD=1.02) 41 2.39 (SD = 0.40) 16
AVERAGE/TOTAL 2.92 (SD =0.85) 355 2.40 (SD =0.56) 166

The average number of occlusions for the canonical variant was higher in the classroom

than in the conversations for all participants except Juana, for whom it was approximately equal

across contexts (average of 2.68 versus 2.67 occlusions, respectively). Comparing the classroom



and conversational data overall, this difference was statistically significant with a medium effect
size according to an unpaired t-test and Cohen’s d effect size measure, #(519) = 7.14, p <.001, d
=0.68, 95% CI [0.49, 0.86]. By individual participant, this difference was significant for Maria
with a large effect size, #(78) =4.09, p <.001, d = 0.91 [0.44, 1.37]; for Elena with a medium
effect size, #(136) =3.68, p <.001, d = 0.68 [0.31, 1.05]; for Sofia with a large effect size, #(55) =
4.21,p<.001,d=1.18 [0.55, 1.78]; and for Marta with a medium effect size, #(72) =2.38,p =
.020, d =0.59 [0.08, 1.08]. This difference was not significant for Juana, #29) = 0.03, p =0.98, d
=0.01 [-1.18, 1.20], or for Carmen, #139) = 1.924, p = .056, d = 0.38 [-0.01, .074].

Table 5 presents the results of the mixed-effects binomial regression analysis for the
classroom context. The analysis determined the independent variables that significantly predicted
the use of the canonical multiple-occlusion variant with two or more closures versus all other
variants. For each nominal variable (preceding segment, following segment, first use, and type of
discourse), one of the categories of that variable was set as the reference category. For example,
for preceding segment, the category of pause/obstruent was set as the reference. The rate of the
canonical multiple-occlusion variant in each other category within that nominal variable was
compared to the reference category. A positive estimate indicates that more canonical trill occurs
in the non-reference category compared to the reference category. For continuous variables (the
frequency measures), a positive estimate indicates that for a one step increase in the variable of
interest, there is a higher rate of multiple-occlusion trill, while a negative estimate indicates the
opposite effect. The exponentiation of the B coefficient (“Exp(B)”) is an odds ratio that
compares the relative odds of the occurrence of the canonical trill, given the variable of interest

(e.g., EsPal frequency) and can be used as a proxy for effect size.



Only preceding segment and following vowel significantly constrained instructors’
production of the trill in the classroom. Compared to a preceding obstruent/pause, the canonical
multiple-occlusion variant occurred significantly more when preceded by all remaining
categories of this variable (i.e., low vowels, sonorants, mid vowels and high vowels). For
following vowel, compared to when followed by a high vowel, the canonical multiple-occlusion
variant was used significantly less with a following /e/. No other comparisons were significant
for following high vowel. Whether the token was the first use of the word and discourse type did

not constrain variation, nor did either frequency measure.

Table 5

Factors affecting production of the multiple-occlusion variant in the classroom

Factor groups Estimate 95% CI 95% CI SE t Exp D n %
Lower Upper B) MOV*
Intercept 1.076 -.366 2.517 734 1466 2932 143 515 68.9%

Preceding segment manner (p <.001)

Low vowel 2.182 1.452 2911 371 5874 8860 <001 132 84.1%

Sonorant 1.397 .502 2.292 456 3.066 4.042  .002 40  67.5%
Mid vowel 1.186 559 1.814 320 3.712 32276 <.001 156 72.4%
High vowel .805 .021 1.590 399 2,017  2.238  .044 88  63.6%

Pause/ 0 - - - - - - 99  48.5%
obstruent’
Following vowel (p =.005)
/o/ -.565 -1.488 359 470 -1.202 568 230 139 74.1%
/al -.958 -1.960 .043 510 -1.880  .384 .061 64  71.9%
le/ -1.314 -2.114 -.515 407 -3.229 269 001 234 59.8%
High vowel' 0 78 84.6%
First use of word (p = .398)
No -211 -.700 279 249 -846 810 398 250 65.2%
Yes' 0 — 265 72.5%
Type of discourse (p = .629)
Administrative 298 -.371 .966 340 875 1.347 382 94  78.7%
acts
Descriptive acts .006 -.500 Sl 257 .023 1.006 982 249 63.5%
Interpersonal 0 - - - - - - 172 71.5%
acts’

EsPal log frequency (p =.767)




-.058 -.444 327 196 -.297 943 767 - -
Class frequency (p =.975)
-.002 -.096 .093 048  -.032 998 975 - -
Random effect Estimate 95% CI 95% CI SE z D
Lower Upper
Var(Intercept) 1.281 290 5.654 970 1.320 187

* MOV = multiple-occlusion variant; ' indicates reference level

Table 6 presents the results of the mixed-effects binomial regression analysis for the

conversational context. Only following vowel was a significant predictor in this analysis. The

canonical multiple-occlusion variant was used significantly more when the /r/ token was

followed by an /o/ compared to the reference level of high vowels. There was no significant

difference between following /a/ or /e/ and high vowels. None of the remaining factors were

significant.

Table 6

Factors affecting production of the multiple-occlusion variant in the conversations

Factor groups Estimate 95% CI 95% CI SE t Exp P n %
Lower Upper (B) MOV*

Intercept -.406 -1.914 1.102 767 =529 666 597 334 49.7%
Following vowel (p =.033)
/o/ 1.099 127 2.072 494 2224 3.002 .027 48 56.2%
/a/ 748 -.158 1.655 461 1.624 2114 105 52 59.6%
/el .062 -.631 755 352 177 1.064 860 53 47.2%
High vowel’ 0 - - - - - - 181  45.9%
Preceding segment manner (p = .475)
High vowel 1.001 -.335 2.337 679 1474 2721 141 22 68.2%
/o/ 489 -.569 1.547 538 910 1.631 364 73 50.7%
/a/ 406 -.610 1.423 S17 786 1.501 432 82 56.1%
Sonorant .081 -1.071 1.232 585 138 1.084 .890 35 45.7%
/el .017 -1.002 1.036 518 .033 1.017 974 98 41.8%
Pause/ 0 - - - - - - 24 45.8%
obstruent’
EsPal log frequency (p =.334)

-.180 -.546 .186 186 -968  .835 334 - -
Conversation frequency (p = .968)

.002 -.116 120 .060  .040 1.002 968 --- -



Random effect Estimate 95% CI 95% CI SE z D
Lower Upper
Var(Intercept) 1.600 370 6.920 1.195 1.338 181

* MOV = multiple-occlusion variant; "indicates reference level

Discussion

Addressing our first research question, the data show distinct patterning of trill /r/
realizations across the two speech contexts with more formal or standard pronunciation of trill /r/
in the classroom overall. While all coded variants of the trill appeared throughout the classroom
speech data except for elision, which was used only once in the conversations, canonical trill
variants with two or more occlusions constituted 69% of tokens produced during classroom
speech but only 50% of the conversational speech data. Similarly, five of the six instructors
produced canonical trill variants with a higher number of occlusions on average in the classroom
compared to the conversations. All participants in this study produced cases of the trill /r/ with
four or more occlusions in the classroom whereas this type of production was rare in the
conversations for two speakers and entirely absent for the remaining four. These findings are
consistent with previous research characterizing classroom speech as a formal, emphatic speech
style (e.g., Kuder, 2019; Li, 2010; Mougeon & Rehner, 2019; Rao, 2011).

An explanation for the discrepancy in trill usage between contexts could be related to the
communicative and pragmatic functions of classroom speech. Research shows that student-
directed speech is used to engage students, direct attention, communicate value of target items,
guide classroom activities, and facilitate comprehension (Christie, 2002; J. Willis, 1992; Kuder,
2020). Thus, it is plausible that the instructors in our study favored canonical variants and
avoided non-standard variants while teaching to accommodate their speech to the learners and
use more recognizable sounds that match the prescriptive norm (Kuder, 2019; Rao, 2011; Stanley

& Stevenson, 2017). Juana produced less assibilated /r/ while speaking to her students in the



classroom compared to her conversation. This same trend is seen in Elena and Carmen’s lesser
use of the approximant realization and Marta’s lower frequency of the tap plus approximant
realization in the classroom context compared to their conversations. Our data show that Maria
used non-canonical variants such as the approximant, the tap, and tap plus approximant over 25%
of the time in conversation but produced almost exclusively canonical trills in the classroom.
These trends support the finding that teachers tend to opt for more canonical realizations of a
sound that is highly variable in more conversational contexts. However, they are not completely
removing variation while addressing students in the classroom, since participants’ use of non-
canonical variants ranged from 3% to 52%.

Additionally, it merits mention that one of the six instructors (Sofia) did, in fact, produce
more non-canonical variants in the classroom compared to conversation. However, the canonical
trills that she produced in the classroom had a higher average number of occlusions, suggesting
that she was also opting for more emphatic variants in instructor input than in conversation, but
how she enacted a teacher talk style was realized differently compared to her peers. Thus, the
data reveal stylistic variation in the form of individual differences in the ways teachers instantiate
teacher talk style. Nevertheless, broadly speaking, in the classroom, instructors opted for either
more canonical multiple-occlusion trills, longer canonical trills (more occlusions), or both
strategies when adopting a teacher talk style, but did not exclusively use the prescriptive or
canonical variant. This finding is unsurprising considering the perspective of third wave
sociolinguistics (Eckert, 2018; Schilling, 2013). In third wave sociolinguistics, language is
viewed as a dynamic practice, variation is performative, and identity is seen as being constructed
through sociolinguistic variants selected either consciously or unconsciously by speakers to

achieve specific effects or goals. Language instructors, in addition to accommodating learners’



needs by producing more recognizable and prescriptive sounds, may also be employing this
variant to construct their identity as an instructor, to convey linguistic authority in the classroom,
or to highlight particular forms or content by making them more salient, among other goals.
Nevertheless, they do not exclusively produce the canonical multiple-occlusion variant, and this
may be because the instructors often embody various roles or convey different meanings or
emotions in the classroom (e.g., educator, authority, empathy, encouragement, humor, etc.).
Future research should consider employing discursive analysis techniques to understand how the
canonical multiple-occlusion variant is used in the classroom context to establish student and
teacher roles and relationships, shape identity, create meaning and make content more salient.
Regarding our second research question, in addition to differing distributions of variants
across speech contexts, results suggest that there may be differences in the constraints that
influence trill variation within and outside the classroom. However, because two separate
analyses were performed, this is not a statistical certainty. Preceding segment manner and
following vowel significantly constrained instructors’ production of the trill /t/ in the classroom
data, while in the conversational data the only factor that predicted trill variation was following
vowel. Moreover, following vowel conditioned variation differently in the two speech contexts.
Whereas the multiple-occlusion trill was produced more frequently when followed by high
vowels in the classroom, it was more likely with following /o/ during conversational speech.
Upon further exploration, this difference in the patterning for following vowel between the two
contexts may be due to the specific words produced in the classroom environment and their
distribution across speakers. Outside of the classroom, 51.8% of words uttered were distinct to
the dataset, while only 38% of tokens occurring during classroom speech were unique. Thus,

many words in classroom speech were repeated, often as target vocabulary items or verbs



conjugated during instruction, or they were related to class management and administration. We
observed that some specific words were found in a sequence of repetitions that we perceived as
displaying a large amount of emphasis on the speaker’s part and often produced with the
multiple-occlusion variant. It is possible that a handful of words with following high vowels were
produced in emphatic contexts by one or two speakers who were also high producers of the
multiple-occlusion variant, while a handful of words with following non-high vowels were
produced in low emphasis contexts or by speakers who less frequently produced the canonical
variant. Thus, this distribution of words by speaker could lead to a skewed result for phonetic
context. One such example is below in (1), in which Maria produced the word rubio/rubia four
times during a vocabulary explanation using the canonical multiple-occlusion trill for all four
productions (translations in brackets []).

(1) Yeah, you can say yo soy rubia [I am blonde]. Usually when you say yo soy rubia [1
am blonde] or yo soy morena [1 am dark-haired], it’s usually related to the hair. You
can say yo tengo pelo rubio [I have blonde hair], but if you say yo soy rubia [I am
blonde], it’s easier and faster.

Maria was a high producer of the canonical variant overall. Given the level of her class, first-
semester Spanish, and the topic of discussion during two of the recordings (self-descriptions), the
word rubio/rubia ‘blonde’ appeared 10 times in her 36 tokens in the classroom, mostly in
explanations of how to use the word. Other frequently repeated words in her dataset were rizado
‘curly’ and rico/rica ‘rich’. These words all have following high vowels after the trill token.
While this is only one example, it may be contexts such as these that are driving the patterns that
we see for the classroom data, namely that following high vowels favored the canonical variant.

While we could not include lexical item as a random effect in our analyses due to the number of



unique words, a detailed item-by-speaker analysis in a larger sample would help clarify how
individual patterns of variation influence group trends. A more individualized analysis could also
shed light on whether frequency plays any role in enhancing or diminishing the effects of other
factors, since frequency measures alone were not significant predictors of canonical trill use in
either speech context in our study.

Our coding for first use and discourse type attempted to capture the difference between
contexts where the instructor may have adopted a more emphatic or didactic speaking style and
those that were more conversational or less didactic. Words uttered for the first time during a
class period were generally produced with more occlusions than those uttered for a second or
subsequent time. Additionally, multiple-occlusion variants were relatively more common during
administrative acts involving dictation of written instructions, prompts for oral or written
production, and leading questions for discussion or comprehension when compared to discourse
related to descriptive and interpersonal acts. However, these discursive factors were not
statistically significant in our results. It may be that the instructors are indeed using the multiple-
occlusion variant in more emphatic or didactic speech styles, but that our coding did not
adequately capture these nuances. Future research should consider whether trill production
correlates with other features of emphatic speech, such as slower speech rate, early FO peak

alignment, less FO suppression, and increased intensity.

It also merits mention that four of our instructors’ recordings were from online classes
while two provided in-person recordings. It is possible that modality influenced our participants’
productions. We could not include this variable in the analysis given its overlap with our
participant variable. However, a glance at our findings do not suggest a clear trend or difference

between in-person instructors (Marta, Carmen) and online instructors (Juana, Elena, Maria, and



Sofia). All six participants produced a range of variants, and the in-person instructors produced

rates of multiple-occlusion variant production that fell within the range of the online instructors.

Regarding the connection between input and L2 development, although the canonical trill
is the prescriptive norm taught in the classroom (Face, 2006; Olsen, 2012), our results show that
learners are also exposed to numerous other variants. Along with developmental factors, this
exposure may explain why learners produce a range of native-like and non-native variants
(Daidone & Zahler, 2021; Rose, 2010). For example, in Rose (2010), classroom learners
produced taps and taps plus frication, similar to those produced by our instructors in the
classroom. Daidone and Zahler (2021) found that advanced learners of Spanish (895 hours of
classroom instruction plus a year in Spain) produced eight distinct trill variants, all also found in
the current study. Zahler and Daidone (2023) found that U.S. graduate learners of Spanish
produced ten distinct trill variants. Additionally, Daidone and Zahler (2021) found that neither
preceding nor following segment conditioned learners’ production of the multiple occlusion
variant. This lack of effect of phonetic context for learners, a significant constraint for the native
speakers in our study and theirs, may result from conflicting patterns for the effect of preceding
and/or following context in native speaker classroom and conversational speech. It is possible
that exposure to distinct patterns of trill variation according to phonetic context within and
outside the classroom poses additional challenges for learners in terms of acquiring these patterns

of variation.

Conclusion

Overall, our study indicates that classroom speech compared to conversational speech

exhibits more standard pronunciation of the trill, in both a higher rate of the canonical variant and



a higher average number of occlusions for this variant. Our findings also indicate that distinct
linguistic constraints impacted instructors’ trill variation in the classroom versus in the
conversations. Although the canonical multiple-occlusion trill was dominant in the classroom
data, all instructors produced an array of non-canonical trill variants in this context, suggesting
that L2 teachers are not completely removing phonetic variation during instruction. Additionally,
the individual instructors in this study varied substantially from one another in their production of
the trill phoneme while teaching, revealing that learners are exposed to different variants of /r/ at
different rates during classroom input depending on their instructor. Given this individual
variation among speakers, an expansion of the current study to include a wider range of
participants could potentially reveal how instructors adapt their speech in the classroom
according to additional instructor characteristics such as linguistic background, amount of teacher
training, and years teaching.

The differences we found in trill production among speakers and between speech contexts
also suggest the importance of having a diversity of auditory class materials that represent
distinct dialects, social contexts, speech styles, and registers to provide a more representative
picture of everyday speech in Spanish. Curricula can incorporate these diverse sources of input
by building courses that include multimedia assignments using movies and music, YouTube
videos, field trips and excursions, presentations and visits from different speakers, and local or
global conversation partners. These curricular choices are especially important as explicit
pronunciation instruction is relatively rare in Spanish courses, and the sounds heard in the
classroom may be the main source of L2 learners’ phonological input, particularly for lower-level

learners.
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Appendix

Table A. Trill variants produced in the classroom context by participant

Participant Marta Carmen Juana Maria Elena Sofia TOTAL
Variant n % n % n % n % n % n % n %
Trill (2-3

occ.) 48 80 8 069 24 41 32 89 80 47 25 38 295 57
Trill (4+

occ.) 2 3 18 15 4 7 3 8 17 10 16 25 60 12
Pre-aspirated

trill 0 0 0 0 2 3 0 0 0 0 0 0 2 <l
Tap +

frication 0 0 0 0 6 10 0 0 2 1 2 3 10 2

Tap +

approx. 4 7 9 7 9 15 1 3 20 125 8 48 9

Tap 3 5 6 5 1 2 0 0 1 1 5 8 16 3

Approx. (flat

F3) 2 3 1 1 6 10 0 0 22 13 5 8 36 7

Approx.

(lowered F3) 0 0 0 0 0 0 0 0 13 8 0 0 13 3

Assibilated 0 0 0 0 3 5 0 0 10 o 7 11 20 4
Epenthetic
vowel + tap 0 0 3 2 1 2 0 0 1 1 0 0 5 1
Epenthetic
vowel + trill 1 2 1 1 3 5 0 0 0 0 0 0 5 1

Other 0 0 0 0 0 0 0 0 5 3 0 0 5 1

TOTAL 60 /2 124 24 59 11 36 7 171 33 65 13 515 100

Note. Percentages in last row show the percentage of the total data represented by each participant.

Table B. Trill variants produced in the conversational context by participant

Participant Marta Carmen Juana Maria Elene Sofia TOTAL
Variant n % n % n % n % n % n % n %
Trill (2-3

occ.) 24 44 34 58 3 8 45 65 39 42 16 80 161 48

Trill (4+occ.) O 0 3 5 0 0 0 0 2 2 0 0 5 1
Pre-aspirated
trill 0 0 0 0 1 3 0 0 0 0 0 0 1 <l



Tap +
frication

Tap + approx.

Tap

Approx. (flat
F3)

Approx.
(lowered F3)

Assibilated
Epenthetic
vowel + tap
Elision

Other

TOTAL

18

0

0

55

33

13

0

0

16

0

0

59

12

12

0

0

18

39

15

12

69

10

12

21

14

27

92

15

29

28

20

10

0

6

12

51

23

44

29

5

1

1

334

15

13

<]

<]

<]

100

Note. Percentages in last row show the percentage of the total data represented by each participant.
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