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Abstract
We investigate the impact of medium of communication (in-person versus video) on
intraspeaker variation in conversation—a process we refer to as medium-shifting. To quan-
tify the effects of medium-shifting and understand its possible motivations, we analyze
three variables that show intraspeaker effects of “clear” or “careful” speech: articulation
rate, density-controlled vowel space area, and (ING). The data come from matched in-per-
son and video-mediated interviews with thirty-three repeat guests from The Late Show
with Stephen Colbert, recorded before and during the COVID-19 pandemic. Mixed-effects
regression models show that compared to in-person interviews, video-mediated interviews
involve a significantly lower articulation rate and larger vowel space, but no significant dif-
ference in (ING). The results suggest that speakers may engage in medium-shifting in
order to enhance their intelligibility over video, for example, through more precise artic-
ulatory movements and greater contrast between phonemic vowel categories. The null
effect of medium on (ING) further suggests that medium-shifting is a motivator of intra-
speaker differences even within a single contextual style. An emergent extralinguistic fac-
tor affecting speaking behavior and choices, medium-shifting should be carefully
considered especially when designing variationist research involving mixed media
interviews.

Keywords: intraspeaker variation; medium-shifting; sociophonetics; speech rate; vowel space area; (ING);
COVID-19 pandemic

As a result of the restrictions on travel and social gatherings during the COVID-19
pandemic, many have turned to video conferencing as a necessary and effective sub-
stitute for in-person communication. Scholars from a variety of disciplines have pre-
dicted that the increased reliance on video conferencing platforms including Zoom
will be one of the lasting legacies of the pandemic, establishing a “new normal” for
remote work (Hermann & Paris, 2020), distance learning (Deflem, 2021), telehealth
(Keesara, Jonas, & Schulman, 2020), and other domains. Of course, the pandemic has
also had an impact on the practice of linguistics, including how researchers elicit and
record spoken language data. Recent projects in dialectology and variationist sociolin-
guistics have already demonstrated the efficacy of remote data collection using
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participants’ personal devices, including smartphones (Hall-Lew, Cowie, Lai, Markl,
McNulty, Liu, Llewellyn, Alex, Elliott, & Klingler, 2022; Leemann, Jeszenszky, Steiner,
Studerus, & Messerli, 2020; Nesbitt & Watts, 2022; Sneller, Wagner, & Ye, 2022). Just
as online language experiments have become a convenient and cost-effective alterna-
tive to those conducted in the laboratory, the practice of eliciting speech over the
internet—including in video-mediated sociolinguistic interviews—is likely to remain
popular in the future.

While the turn to video conferencing creates new opportunities for linguistic
research, it also raises important theoretical and methodological questions. What
do speakers do when faced with the need to communicate over video? If their speech
behavior over video differs from their behavior during in-person conversation, how
might we understand what motivates those changes? Thus far, research on the impact
of video-mediated communication has focused on questions related to the reliability
of acoustic phonetic measurements. Zhang, Jepson, Lohfink, and Arvaniti (2021)
found that audio recordings from Zoom showed lower values for F1, F2, and F3 in
vowels, and unexpected fluctuations in intensity, compared to analogous recordings
made on a solid-state digital recording device with no file compression. Sanker,
Babinski, Burns, Evans, Johns, Kim, Smith, Weber, and Bowern (2021) did not
find any consistent overall differences in vowel formant frequency attributable to
Zoom, though they note that there may still be meaningful effects that are vowel-
specific; at the same time, the authors identify effects related to duration (shorter con-
sonants and longer vowels, as determined by a forced aligner) and a higher
signal-to-noise ratio, possibly stemming from Zoom’s proprietary background noise
reduction algorithm.1 These findings should inspire caution when analyzing and
interpreting raw acoustic measurements from recorded video calls, especially when
relying on recordings from multiple mixed media in a single study.

As linguists continue to assess the methodological consequences of video confer-
encing for phonetic analysis, we must also recognize that video-mediated conversa-
tion is a qualitatively different experience than in-person conversation. The
potential for delays, disruptions, and conversational misfires due to poor internet
connectivity and hardware glitches all contribute to the perceived difficulty of com-
municating over video—problems that may also heighten speakers’ awareness of the
physical distance that separates them. These problems are exacerbated by the fact that,
on most devices, interlocutors cannot make eye contact with one another (the camera
is typically situated above or beside the screen) and, in most programs, including
Zoom, speakers may be distracted by seeing themselves speaking. Even when internet
connectivity is strong and devices are functioning correctly, the short electronic trans-
mission lags that inevitably occur during video-mediated conversation have been
shown to contribute to significantly longer transition times between conversational
turns (Boland, Fonseca, Mermelstein, & Williamson, 2022). To compare in-person
and video-mediated conversation, we must be able to appropriately theorize the
impact of these different contexts on speaker behavior.

This article evaluates the impact of medium of communication (in-person versus
video) on patterns of intraspeaker variation. We hypothesize that even when the dis-
course context and interlocutors are held constant, the transition from in-person to
video-mediated conversation is likely to involve an increase in variants associated
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with clear speech—a process we refer to as medium-shifting. Given the challenges of
video-mediated communication outlined above, speakers may adopt compensation
strategies that are meant to increase their intelligibility. Similar compensatory strate-
gies have been posited to occur in other contexts, such as in the presence of ambient
noise—a communicative phenomenon known as the “Lombard effect,” which is
assumed to be an automatic reflex and has been shown to involve increases in inten-
sity, pitch, and duration (Castellanos, Benedí, & Casacuberta, 1996; Lau, 2008;
Wassink, Wright, & Franklin, 2007). Beyond a concern for intelligibility, there
may also be stylistic factors that promote clear or “careful” speech over video. For
example, one might expect video-mediated communication to reflect a relatively
higher degree of formality—perhaps a consequence of the distance between speak-
ers—which has also been postulated to occur in telephone calls (Labov, Ash, &
Boberg, 2006:36). Coupland’s (1980) study of sociolinguistic variation at a travel
agency in Cardiff, Wales, found that the rate of local variants was lower in telephone
calls than in face-to-face communication, although that factor (which he refers to as
“channel”) cannot be distinguished from addressee because the telephone was
only used with travel agents and tour operators. On the other hand,
participants in Zoom conversations are often located in their own homes and casually
dressed—factors that could contribute to more natural, intimate, and thus less formal
conversations.2

In order to determine whether medium-shifting motivates patterns of intraspeaker
variation, we analyze three different quantitative variables—articulation rate (a mea-
sure of speech tempo), density-controlled vowel space area, and (ING)—in a corpus
of interviews with repeat guests from The Late Show with Stephen Colbert. The var-
iables were selected because they are known to be modulated during clear speech,
where “clear” refers either to intelligibility-related characteristics of speech produc-
tion (slower articulation rate and larger vowel space area) or socially indexical notions
of carefulness (a higher rate of the velar variant of [ING]). For each celebrity guest
who was interviewed over Zoom in the early months of the COVID-19 pandemic
(April 7 to June 11, 2020) and at least once before in the studio, we downloaded
and transcribed both their Zoom interview and their most recent in-studio interview.
This allowed us to analyze patterns of intraspeaker variation across the two mediums,
while holding constant both the communicative context (a conversational interview)
and the interlocutors. In addition to the guests’ data, we also obtained a larger
amount of data for the interviewer, Stephen Colbert, which we analyzed separately
for two of the three variables.3

Our statistical analysis supports the hypothesis that speakers do engage in
medium-shifting during the transition from in-person to video-mediated conversa-
tion. After controlling for relevant linguistic predictors as well as individual speaker-
level differences, the use of video significantly favors a decrease in articulation rate
and an increase in vowel space area. However, medium of communication is not
selected as a significant predictor of variation in (ING). We interpret these findings
to suggest that medium-shifting is a new contextual factor that motivates robust pat-
terns of intraspeaker variation, particularly affecting features that are tied to speaker
intelligibility. The null result of medium on (ING) does not rule out the possibility
that medium-shifting is conceptually related to style-shifting, which has been argued
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to be motivated by linguistic self-monitoring (Labov, 1972), audience design (Bell,
1984), the performance of identity and persona (Eckert, 2008), or a combination of
social and cognitive factors (Sharma, 2018). However, it does suggest that the
intelligibility-related effects of medium-shifting are robust enough to be seen even
when there is no other evidence for stylistic differences, that is, within a single con-
textual style. Overall, the current study should inspire confidence that conversational
interviews, including sociolinguistic interviews, can be conducted effectively with
video conferencing software. However, because medium-shifting is a new source of
intraspeaker variability, we additionally recommend that extra care be taken to ensure
uniform methods of data collection across speakers and to avoid interpreting speaker
behavior in online interviews as an accurate representation of their behavior in offline
interviews.

The paper is organized as follows. First, we discuss our methodology for compiling
a corpus of in-person and video-mediated interviews, as well as the suitability of these
televised interviews for research on intraspeaker variation. More detailed methodo-
logical considerations, including the extraction of variable tokens and phonetic mea-
surements, are outlined in the subsequent sections, which discuss each of our three
variables. Finally, we summarize our main findings regarding medium-shifting and
speaker intelligibility and offer hypotheses for future research.

Methodology

The speech data for this study come from a corpus of matched interviews conducted
on the popular late-night talk show The Late Show with Stephen Colbert. We com-
piled a list of all the guests who appeared on the show in the early months of the
COVID-19 pandemic (episodes 900–935, airing April 7 to June 11, 2020) and at
least one time on an earlier episode that was filmed in the studio. Interviews from
the pandemic period were conducted using the popular Zoom video conferencing
software, as Stephen Colbert explained in a segment that compiled celebrities’
“slate” outtakes used to ensure synchronized audio and video during post-
production.4 Note that we only included as “repeat guests” those who were inter-
viewed by Colbert in solo interviews, excluding those who appeared previously
only as a musical performer or in group interviews with their creative collaborators.
This yielded a diverse sample of thirty-three guests, including actors, comedians,
filmmakers, authors, politicians, and journalists. These guests speak a number of dif-
ferent English varieties from the United States and abroad; however, because our
study is focused on intra- rather than interspeaker variation, these differences in lan-
guage background are not expected to have an impact on our analysis.

This corpus of interviews is appealing for a few reasons. First, it allows us to ana-
lyze a considerable amount of natural speech data from the early months of the pan-
demic, when the public was rapidly transitioning to the use of video as a replacement
for in-person communication. Second, the interviews comprise a naturalistic real-
time panel study in which the interlocutors, genre, and communicative goals are
held constant; our focus on repeat guests means that the pairs of interlocutors had
already interacted with each other offline at least once prior to their Zoom interview.
In this way, we are able to control for many of the contextual factors that are known
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to affect style variation within individuals. Third, the use of data from publicly acces-
sible sources online facilitates the reproducibility of our methods. Of course, relying
on data from celebrities, including professional performers, means that our findings
and interpretations may not necessarily extend to other groups of everyday language
users. However, the conversational nature of talk show interviews, in which partici-
pants are hypercooperative and readily engage in personal narratives (Loeb, 2015),
means that the results of this research can inform hypotheses for studies of other
communicative contexts in which video has recently become a popular alternative
to in-person interaction.

To ensure that our corpus included every portion (i.e., before and after commercial
breaks) of every relevant interview (i.e., during and before the pandemic), we con-
sulted The Late Show’s official YouTube channel for playlists corresponding to
each episode. In some cases, portions of a single interview were aired on two different
evenings, but we coded them as being part of a single interview. We then downloaded
every part of the guests’ Zoom and in-studio interviews as video files using the com-
mand line program youtube-dl (Amine & M., 2021). We also used the program
FFmpeg (FFmpeg Developers, 2021) to extract the audio track of each video as a
mono .wav file, with a uniform sampling frequency of 44.1 kHz.

The interviews were originally transcribed as part of a project for a graduate semi-
nar in sociolinguistics at UC Berkeley (Linguistics 250A, fall 2020). Each episode was
transcribed in ELAN (Max Planck Institute for Psycholinguistics, 2021) using a uni-
form transcription protocol, with separate tiers for the interviewer and guest, and seg-
mented into intonation groups. To the extent possible, transcribers were advised to
exclude nonspeech noise (e.g., applause from the studio audience or music) from
speech segments, as these can cause problems “downstream” for forced alignment.
The three authors then completed any transcriptions that were missing and manually
verified and hand-corrected all transcription files for typographical and segmentation
errors. Except for tokens of the (ING) variable, which were auditorily transcribed as
either <-ing> (the velar variant [ɪŋ]) or <-in’> (the alveolar variant [ɪn]), all transcrip-
tions were written in standard English orthography.

To minimize alignment errors that could affect our measurements of articulation
rate and vowel space area, we removed all conversational turns from the transcrip-
tions that showed any amount of overlap across tiers (i.e., whenever a speech segment
produced by Stephen Colbert or the guest overlapped with a speech segment on the
other person’s tier, we removed both). This is a conservative approach to data inclu-
sion in that it likely eliminated genuinely overlapping speech segments as well as
those that only seemed to overlap due to inaccuracies in our manual segmentation.
Additionally, we removed all turns that contained partial words and those transcribed
as either unknown or unclear. Finally, these pruned-down transcription files and the
sound files for each interview were processed with the Montreal Forced Aligner
(McAuliffe, Socolof, Mihuc, Wagner, & Sonderegger, 2017), using its pretrained
acoustic model for English and the LibriSpeech lexicon. Note that our analyses of
speech tempo and vowel space area make use of the pruned-down and forced-aligned
transcriptions, while the analysis of (ING) uses the original orthographic transcrip-
tions before the removal of overlapping segments.
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Articulation rate

Background

One of the features we hypothesize to be a locus of intraspeaker variation under
medium-shifting is speech tempo. Since the earliest studies in variationist sociolin-
guistics, speech tempo has been known to vary within individuals in accordance
with contextual factors. Labov (1972:95) referred to increased speech tempo as one
of the “channel cues’’ that could be used to diagnose whether a speaker has shifted
from a more careful to a more casual style, suggesting that it is impacted by topic
and by the level of rapport between speaker and interviewer. A number of studies
have confirmed that speech tempo differs significantly across casual and careful (or
reading) styles (e.g., Eskénazi, 1992; Laan, 1997), and it is also significantly affected
by accommodation to one’s interlocutor (e.g., Cohen Priva, Edelist, & Gleason,
2017). Furthermore, speech tempo has been shown to correlate with perceived intel-
ligibility, where a slower speech rate is more characteristic of clearer speech (Picheny,
Durlach, & Braida, 1989; Uchanski, Choi, Braida, Reed, & Durlach, 1996). In addition
to these intraspeaker differences, a faster baseline speech tempo is also characteristic
of younger speakers, men, and those from particular dialect regions (Jacewicz, Fox,
O’Neill, & Salmons, 2009; Verhoeven, De Pauw, & Kloots, 2004), although the size
of this effect varies across studies.

Adapting the methodology of Jacewicz et al. (2009), we operationalize speech
tempo in this study as articulation rate, calculated by dividing the number of syllables
in each speech segment by its duration in seconds. Because we ran the Montreal
Forced Aligner using an English pronunciation lexicon written in ARPAbet format,
we defined the number of syllables in a segment to be the number of phonemes end-
ing in a digit (i.e., stressed or unstressed syllable nuclei). As explained above, all over-
lapping turns, partial words, unknown or unclear words, and nonspeech sounds were
removed prior to running the MFA, which reduces the possibility of misaligned seg-
ments and phonemic transcription errors (e.g., the false start “s-” would be tran-
scribed as if it were the name of the letter, [EH1 S], and thus inflate the syllable
count). Additionally, after running the MFA, we excluded any speech segment that
contained an out-of-dictionary word, a filled pause (such as um and eh), or a silent
segment. This should make our results more comparable to previous analyses of artic-
ulation rate using read data.

If video-mediated communication favors patterns associated with clear speech, we
hypothesize that both Stephen Colbert and his guests will show a lower articulation
rate (indicative of slower speech) during their Zoom interviews compared to their
in-studio interviews. We expect this effect to be independent of any inherent differ-
ences in speakers’ baseline articulation rates, which we control for through a model
with by-speaker random effects.

Analysis

We analyzed the variation in articulation rate (in syllables per second) across all
speech segments in all interviews through a linear mixed-effects regression model
using the lme4 package (Bates, Mächler, Bolker, & Walker, 2015) in R (R Core

310 Isaac L. Bleaman et al.

https://doi.org/10.1017/S0954394522000151 Published online by Cambridge University Press

https://doi.org/10.1017/S0954394522000151


Team, 2020). Because Stephen Colbert accounted for much more data (n = 3,202
speech segments) than any of his guests, we modeled his articulation rate separately
from that of the guests (n = 10,710 segments). Our model for the guests’ data included
a fixed effect for medium (in-studio versus Zoom) as well as by-speaker random
slopes for medium, in order to control for any inherent by-speaker variability in
medium-shifting.

The model summary, presented in Table 1, shows that articulation rate is signifi-
cantly lower during Zoom interviews (a predicted value of 5.18 sylls/sec; 95% confi-
dence interval [5.04, 5.31]) compared to in-studio interviews (5.58 sylls/sec; 95% CI
[5.32, 5.83]); in other words, interview speech over Zoom is approximately 7% slower
than in the studio. The predicted by-speaker effect of medium is visualized in
Figure 1, showing that medium-shifting affects most guests (twenty-six of thirty-
three) in the same direction, that is, toward a lower articulation rate over Zoom.
This suggests a relatively uniform effect of medium-shifting regardless of individuals’
dialect backgrounds, but one that is not categorical and thus cannot be attributed
solely to differences, for example, in recording type across Zoom and in-studio inter-
views. The model for Colbert also shows a significant drop in articulation rate over
Zoom (5.05 sylls/sec; 95% CI [4.94, 5.16]) when compared to in-studio interviews
(5.52 sylls/sec; 95% CI [5.38, 5.67]), corresponding to speech that is approximately
9% slower.5

The lower articulation rate over Zoom is noteworthy in light of the fact that inter-
views involve the very same pairs of speakers, are similar in conversational style, and
assume the same target audience of television viewers. Furthermore, because we
obtained this result after excluding data from overlaps and interruptions (which
are more characteristic of in-studio speech and presumably involve a faster local
speech tempo) and from silences (which are more characteristic of video-mediated
communication and involve a slower local speech tempo), the real effect of medium-
shifting may be even more dramatic than our analysis suggests.

Figure 1. Predicted by-speaker random effect of medium of communication on variation in articulation
rate among guests; darker points indicate speakers who conform to the direction of the overall predicted
effect of medium.
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Table 1. Summary of fixed effect of medium of communication from mixed-effects linear model predicting articulation rate in guests’ data (n = 10,710 speech segments);
rightmost column represents the mean articulation rate in the raw data for the factor level listed

Estimate Std. error df t-value p-value N Mean

(Intercept) 5.575 0.131 32.308 42.653 <0.001 *** 10,710 5.305

Medium (vs. in-studio) 3,162 5.525

Zoom -0.396 0.125 32.326 -3.179 0.003 ** 7,548 5.214

312
Isaac

L.B
leam

an
et

al.

https://doi.org/10.1017/S0954394522000151 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0954394522000151


The predicted effect of medium-shifting obtained in this study, though significant,
is considerably smaller than the effect reported in previous studies of speech rate dif-
ferences across task types (e.g., 5.12 sylls/sec for casual spontaneous speech versus
3.40 sylls/sec for reading; Jacewicz et al., 2009:242). Furthermore, the reported artic-
ulation rate for casual speech falls within the range we obtained for Zoom and
in-studio interviews (5.05-5.58 sylls/sec). These observations suggest that medium-
shifting is a motivator of intraspeaker differences within a single speech style, a
point to which we return below in connection with our analysis of (ING). What can-
not be determined is whether the known effects of accommodation to an addressee
might confound the observed effect of medium-shifting. For example, if one of the
interview participants engages in medium-shifting (either the guest or Colbert), it
cannot be determined whether a parallel effect for the interlocutor is due to accom-
modation or to medium-shifting in tandem. Because we do not yet have evidence
from other speech variables about whether, and to what extent, these speakers engage
in accommodation, we posit that accommodation in speech tempo might reinforce
the overall effect of medium-shifting.

Vowel space area

Background

Variability in intelligibility within speakers and across different task types is a com-
mon phenomenon that has been termed “adaptive intelligibility” (McCloy, Wright, &
Souza, 2012). Acoustic correlates of intelligibility include the distance between vowel
categories (Neel, 2008), F1 range (Bradlow, Torretta, & Pisoni, 1996), F2 range
(Hazan & Markham, 2004), vowel dispersion (Bradlow et al., 1996), the vowel
space area of the polygon formed by vowel means (Neel, 2008), and the convex
hull of all tokens (Luan, Wright, Ostendorf, & Levow, 2014; McCloy et al., 2012).
For example, a relatively more dispersed vowel space contributes to fewer ambiguous
vowel tokens, leading to higher intelligibility scores (Bradlow et al., 1996).

In line with this literature, vowel space area will be used in the present study as a
proxy for intelligibility (and as another indication of clear speech), following the
methodology described by Story and Bunton (2017). Vowel space area is measured
with a convex hull, or the shape enclosing a given set of measurements, obtained
at a specified density threshold. Here, density refers to the number of local F1/F2
pairs relative to the total number of F1/F2 measurements obtained from a speaker.
In other words, density can be thought of as the relative time a speaker spends in
a given part of the vowel space. As this method collects multiple formant measure-
ments (entire formant trajectories) from individual vowel tokens to determine
vowel space density, we can obtain a more accurate picture of a speaker’s vowel
space, and therefore intelligibility, produced over a longer duration of time.

As mentioned in the introduction, the findings of recent work on the acoustic
impact of Zoom recordings are mixed. Zhang et al. (2021) compare acoustic phonetic
measurements from simultaneous recordings using a recording device with external
microphone, the Zoom video conferencing program, and a lossless mobile phone
recording app. The researchers conclude that Zoom recordings yield lower values
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for F1, F2, and F3, as well as fluctuations in intensity. Because vowel normalization
procedures commonly make use of the third formant in vocal tract length calculations
(Johnson, 2020), these distortions pose an issue for traditional methods of speaker
normalization. Sanker et al. (2021), however, did not find any overall differences in
formant measurements between Zoom and handheld recorders, though the authors
note that the lack of significance is not indicative of reliability, but rather that differ-
ent vowels are impacted in different ways.

Freeman and De Decker (2021) examine acoustic measurements taken from three
different video conferencing programs (Zoom, Microsoft Skype, and Microsoft
Teams) and compare these measurements to values obtained from an H4n field
recorder. Whereas both Skype and Teams are found to vary in formant accuracy
across participant gender, Zoom was fairly accurate overall for both participant gen-
ders when compared to the recordings obtained from the field recorder. Overall, F1
and F2 values are found to be transmitted and recorded relatively faithfully in each of
the three video conferencing programs, and the researchers recommend them as via-
ble tools for phonetic analysis, especially when the focus of analysis is fairly broad
(e.g., spatial arrangement of vowel categories, broad categorical determinations of
mergers). Based on the results, the present study will make the assumption that com-
parisons between acoustic measurements taken from in-person recordings and Zoom
recordings, where both are subsequently subjected to YouTube audio compression,
are viable. Speaker normalization using F3 will not be undertaken, as distortions
due to audio compression algorithms have been observed across this formant.

If medium-shifting affects vowel space area, we hypothesize that the perceived dif-
ficulty of communication over Zoom will result in an intelligibility-based compensa-
tion strategy, in this case realized via a larger, less centralized vowel space area
compared to in-studio speech. We further expect this effect to be independent of
any differences in speakers’ baseline vowel space area, which we control for through
a model with by-speaker random intercepts.

Methodology

We calculate vowel space area by a convex hull obtained at specified density thresh-
olds (following Story & Bunton, 2017) for each speaker in the dataset, including
Stephen Colbert, within each medium of communication.6 F1 and F2 values were col-
lected at 5-millisecond intervals during the course of vowel production using an auto-
mated script in Python, utilizing the Burg method with a ceiling of 5500 Hz. Data
were grouped by speaker, vowel category, and medium. Following a convention in
numerous computational studies (e.g., Perez & Tah, 2020; Sainis, Srivastava, &
Singh, 2018), outliers were defined based on the interquartile range (IQR), or the
range between the first quartile (Q1) and the third quartile (Q3); formant measure-
ments greater than Q3 + (1.5 x IQR) or less than Q1 – (1.5 x IQR) were removed. The
remaining formant values were normalized with median scaling (following Story &
Bunton, 2017), whereby each formant measurement is lowered by subtracting the
median formant value of that speaker and then subsequently divided by the median.
After normalization, the origin of the vowel space is at the median value of the for-
mants and the F1 and F2 ranges are roughly constrained to [-1,1] (note that this
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normalization method does not make use of F3).7 Excluding Stephen Colbert, who
produced far more data than the other speakers, an average of 11,585 F1/F2 measure-
ments from an average of 705 vowel tokens were analyzed from the in-studio inter-
views for each speaker, and an average of 25,540 F1/F2 measurements from an
average of 1,477 vowels were analyzed from the Zoom interviews for each speaker.
The average distribution of vowel classes across guests is shown in Figure 2. From
Colbert’s speech, we extracted 146,199 measurements from 7,911 vowels from the
in-studio interviews and 282,719 measurements from 15,708 vowels from the
Zoom interviews. Although peripheral vowels tend to be longer (Ladefoged &
Johnson, 2015:105-7), the duration of individual vowel productions is not predicted
to affect the vowel space area obtained by this methodology but will be accounted for
in the regression model as detailed below.

Empty grids were generated for each speaker for each medium with discretized
dimensions from -1 to 1, with an increment of 0.01. A field of view of radius 0.05
was centered on each point in the grid and the number of normalized formant values
falling within that field of view was calculated as the density of that grid point. The
resulting local density measurements were scaled relative to the largest local density
and ranged from 0 to 1. The more frequently F1/F2 pairs occurred near a grid point
in a given interview, the higher the scaled density value of that grid point. Using five
different density cutoffs (0.10, 0.15, 0.20, 0.25, 0.30), five different area measurements
were then obtained via a convex hull using the SciPy library (SciPy Developers, 2021)
where the size of the convex hull was determined based on the density of F1/F2 mea-
surements found within the shape. For example, a density cutoff of 0.25 means that
the convex hull encircles F1/F2 coordinates that have a scaled density of 0.25 or
higher. The higher the density cutoff the smaller the resulting convex hull and, con-
sequently, vowel space area. In recognition that speech tempo and vowel space area
may be correlated (e.g., Tsao, Weismer, & Iqbal, 2006), where faster articulation
rate may favor a smaller vowel space area, the average vowel duration for each speaker
from each medium was calculated and included as a factor in the regression model.
For each density cutoff, vowel space area measurements for all speakers including
Colbert were submitted to linear mixed-effect regression models, with medium of
communication (Zoom versus in-studio) and average vowel duration as fixed effects
and speaker as a random intercept.

Figure 2. Means and standard deviations in guests’ data for vowel class counts across medium (in-studio
and Zoom interviews).
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Results and discussion

The outputs of the mixed-effects linear regression models that predict vowel space
area across medium and average vowel duration at different density cutoffs are
shown in Table 2. According to Story and Bunton (2017), a scaled density cutoff
of 0.25 is suggested for obtaining convex hull measurements. However, vowel space
areas obtained from a range of density cutoffs were submitted to regression models
in order to demonstrate that the effect of medium on vowel space area is preserved
at cutoffs that are both higher and lower than 0.25 ( p < 0.05 for all). Note that the
effect of medium is significant even when the influence of speech tempo (via average
vowel duration) is factored into the model. At the 0.25 cutoff, the main effect of
medium corresponds to a more than 14% predicted increase in vowel space area
for Zoom interviews compared to in-studio interviews.

To visualize our analysis, Figure 3 shows the vowel space areas for three speakers
by medium, as heatmaps at a density cutoff of 0.25. As described above, the convex
hull (the overlaid outline) is the perimeter of the vowel space area, where interior F1/
F2 coordinates have a scaled local density of at least 0.25. Visual analysis suggests that
the increase of vowel space area seen in the Zoom interviews is caused by relatively
more peripheral vowel productions, allowing for greater acoustic distance between
phonemic vowel categories. During the in-studio interviews, however, vowel produc-
tions are more centralized and there appears to be less acoustic distance between
vowel categories. Distributions in the raw data for medium for each speaker are visu-
alized in Figure 4, showing that medium-shifting affects most speakers (twenty-seven
of thirty-four) in the same direction, that is, toward a larger vowel space area over
Zoom. That not all the speakers are affected in the same direction or to the same
magnitude indicates that vowel dispersion is not purely driven by Zoom’s auditory
compression algorithm but is rather influenced by individual, and potentially agen-
tive, speaker variability.

As changes in vowel space area, and consequently vowel dispersion, have been cor-
related with variable intelligibility across task types (Bradlow et al., 1996; Luan et al.,
2014; McCloy et al., 2012; Neel, 2008), these results suggest speakers are compensat-
ing for a perceived communicative difficulty over Zoom. If so, we would expect to
find the “clear speech” effects of medium-shifting—including a lower articulation
rate and an increased vowel space area—even in the absence of other evidence that
there is a salient stylistic difference between in-studio and Zoom interviews. The anal-
ysis of the third and final variable, (ING), supports this view.

(ING)

Background

Our analysis of articulation rate and vowel space area have supported the notion that
medium-shifting affects intraspeaker variation by promoting the use of clear speech
features over video. While there was a significant reduction in articulation rate from
in-studio to Zoom interviews, both contexts yielded a predicted value consistent with
the articulation rate reported in the literature for casual speech. We interpret this as
support for the hypothesis that medium-shifting is a predictor of intraspeaker
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Table 2. Regression coefficients for five different mixed-effects linear models predicting vowel space area in all speakers’ (n = 34) data, with main effects for medium and
average vowel duration and a random intercept for speaker; rightmost column represents the mean vowel space area in the raw data for the factor level listed

Estimate Std. error df t-value p-value N Mean

Density-cutoff = 0.10

(Intercept) 4.010 0.425 47.415 9.444 <0.001 *** 68 3.627

Medium (vs. in-studio) 34 3.506

Zoom 0.269 0.102 36.064 2.646 0.012 * 34 3.747

Vowel duration −6.010 4.989 46.625 −1.204 0.234 68 0.086

Density-cutoff = 0.15

(Intercept) 3.587 0.421 68.000 8.516 <0.001 *** 68 3.325

Medium (vs. in-studio) 34 3.174

Zoom 0.325 0.103 68.000 3.160 0.002 ** 34 3.476

Vowel duration −4.919 4.948 68.000 −0.994 0.324 68 0.086

Density-cutoff = 0.20

(Intercept) 2.990 0.396 68.000 7.544 <0.001 *** 68 3.066

Medium (vs. in-studio) 34 2.886

Zoom 0.366 0.097 68.000 3.788 <0.001 *** 34 3.246

Vowel duration −1.246 4.656 68.000 −0.268 0.790 68 0.086

Density-cutoff = 0.25

(Intercept) 2.682 0.413 48.587 6.499 <0.001 *** 68 2.861

Medium (vs. in-studio) 34 2.668

Zoom 0.386 0.096 36.698 4.007 <0.001 *** 34 3.054

(Continued )
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Table 2. (Continued.)

Estimate Std. error df t-value p-value N Mean

Vowel duration −0.165 4.850 47.878 −0.034 0.973 68 0.086

Density-cutoff = 0.30

(Intercept) 2.669 0.418 51.709 6.392 <0.001 *** 68 2.695

Medium (vs. in-studio) 34 2.491

Zoom 0.418 0.089 37.261 4.680 <0.001 *** 34 2.899

Vowel duration −2.122 4.911 51.252 −0.432 0.667 68 0.086
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Figure 3. Heatmaps of vowel space areas at a 0.25 density cutoff with convex hull overlays, for three speakers in-studio (top row) and on Zoom (bottom row), with each
speaker’s areas represented as a ratio (in-studio:Zoom).
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variation even within a single speech style. The scope of this article does not permit a
detailed description of how in-studio and Zoom contexts might elicit different con-
versational styles. However, we analyze a third quantitative variable, (ING), in order
to determine whether the “clear speech” effects described thus far might have a social
motivation, rather than (or in addition to) an explanation rooted in intelligibility. A
“staple” of variationist sociolinguistics (Hazen, 2008:117), pronunciation of word-
final -ing (as in the progressive verb running or quantifier nothing) has been generally
acknowledged to index style differences across varieties of English, including those in
which the alveolar variant is especially frequent (Campbell-Kibler, 2007; Eckert, 2008;
Fischer, 1958; Labov, 1966; see Hazen, 2008 for an in-depth overview). While a
decrease in articulation rate and increase in vowel space area could be automatic
reflexes of “clear speech,” studies show that (ING) indexes more agentive and stylis-
tically salient speaker choices. Because the velar variant [ɪŋ] is supported by standard
orthography and associated with speakers of higher socioeconomic status (Hazen,
2008) and education/intelligence (Campbell-Kibler, 2009), it tends to dominate in
“careful” or formal contexts, while the alveolar variant [ɪn] tends to index a “casual”
or informal speaking style. A significant effect of medium of communication on
(ING) variation could be taken as evidence that in-studio and Zoom interviews rep-
resent different styles. If so, the previous “clear speech” effects could similarly be
viewed as diagnostics of style-shifting across seemingly similar interview contexts.
There is a precedent for the view that these variables might pattern together.
Kendall (2013:204) found that in a corpus of interviews with young
African-American women from Washington, DC, the alveolar variant was signifi-
cantly more probable during stretches of talk that exceeded the speaker’s mean artic-
ulation rate by over 0.5 standard deviations. However, if medium of communication
does not significantly constrain (ING), this could be interpreted as additional evi-
dence that medium-shifting affects intraspeaker variation within speech styles. Our

Figure 4. Distribution of vowel space area by medium of communication, based on speakers’ raw data;
darker points indicate speakers whose distribution conforms to the direction of the overall predicted
effect of medium.
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analysis supports the latter view, although we offer other interpretations for the null
effect of medium on (ING).

Methodology

We extracted all tokens of word final -ing from the corpus of Late Show interviews,
prior to the removal of overlapping speech segments required by our other phonetic
analyses. We checked the list of all possible tokens to remove categorical items, such
as transcribed descriptions like “{gesturing}” and proper names like “Keating.”
Following Hazen (2008), we then coded the part of speech, morphological status (suf-
fix versus nonsuffix), and immediate environment (the following segment and word)
for each token in the dataset. All tokens with a following velar (/k/ or /g/) were
removed as a possible neutralization context. We also coded each token’s dictionary
word (i.e., the underlying lexical item, abstracting away from the particular variant
produced) as well as that word’s log-transformed frequency within the dataset.

Exploratory analysis revealed that part of speech and morphological status largely
overlapped, and so in our analysis we rely on part of speech, which is a more infor-
mative factor. The part of speech labels we used were verb, gerund, quantifier, and
other, where the latter category includes nouns and adjectives, which are known to
favor the velar variant (Hazen, 2008), as well as the preposition during. Lexical fre-
quency has previously been shown to correlate with (ING) variation, where lower fre-
quency words are more often produced with the velar variant. This correlation has
been posited to be socially motivated, as “the avoidance of [the alveolar variant]
may result from speakers’ desire for clarity due to the use of an uncommon word,
therefore treating [the velar variant] as the more articulate form” (Forrest,
2017:152). Under this theory, using less frequent words could yield a relative increase
in attention paid to speech, favoring use of the velar variant which is associated with a
more monitored (careful) style. In addition to a main effect of frequency, our models
also include an interaction term for frequency and medium in order to test if the
effect of frequency (whether or not it actually encodes speech style) differs across
in-studio and Zoom interviews.

We expected to find a significantly higher probability of the alveolar variant for
verbs compared to the other grammatical categories. We also expected to find that
lower frequency lexical items would favor the velar variant, potentially as a byproduct
of speakers’ adopting a more “clear” or careful style when producing lower frequency
items. With regard to medium of communication, we envisioned three different pos-
sibilities: Zoom-mediated interviews might favor the use of the velar variant in light
of the physical distance between interlocutors, the lack of a supportive studio audi-
ence, and the fact that speakers might feel more self-conscious when seeing them-
selves speak on the screen. Alternatively, the intimate nature of the conversations,
the familiarity between Colbert and his guests, and the fact that the guests were usu-
ally located in their homes and dressed much more casually than during their prior
interviews might contribute to a less formal context overall and thus an increase in
the alveolar variant. In either scenario, the effect of medium on (ING) could be inter-
preted as a consequence of style-shifting. A third possibility is that Zoom and
in-studio interviews do not differ significantly for (ING), either as a main effect or
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in interaction with lexical frequency. If so, there would be no clear evidence that
medium-shifting necessarily co-occurs with style-shifting.

Results and discussion

There were 3,655 tokens of (ING) in our dataset, after excluding pre-velar tokens.
Usage of the alveolar variant [ɪn] was low for most speakers (12.1% among guests;
15.2% among Colbert), and even categorically absent for some—reflecting an adher-
ence by the speakers in this corpus to a standard prescribing the velar variant.

As with articulation rate, we modeled the variation in (ING) separately for guests
and for Colbert, who alone produced 33.3% of the total token count. Our model for
guests included fixed effects for part of speech (verb, gerund, quantifier, and other),
log word frequency (within the corpus), medium of communication (in-studio versus
Zoom), the interaction of log word frequency and medium, as well as random inter-
cepts for speaker and word.8 Our model for Colbert had all of the same fixed effects
and a by-word random intercept.

Summaries of the fixed effects from the two models are shown in Table 3. Note
that the relevant predictors are shared across the two models, and all pattern in
the same direction. Verbs are predicted to have the highest probability of the alveolar
variant (for guests: 0.05; for Colbert: 0.16; probabilities back-transformed from log
odds), followed by gerunds, quantifiers, and then other items. Log frequency is pos-
itively correlated with the use of the alveolar variant in both datasets (and conversely,
less frequent tokens favor the velar variant). Medium does not emerge as a significant
predictor in either model ( p = 0.10 for guests; p = 0.60 for Colbert), which is reflected
in the similar predicted probability of the alveolar variant across the two mediums as
well as the large amount of overlap in the error bars (Figure 5). Finally, the interaction
between log frequency and medium is also not a significant predictor of variation
( p = 0.32 for guests; p = 0.93 for Colbert).9

The null effect of medium on (ING) could be interpreted in a number of different
ways. One possibility is that most of our speakers are already performing near or at
ceiling for use of the velar variant in their in-studio interviews, and thus they could
not show any sizable increase when shifting to Zoom. For this reason, we also pro-
duced two alternative models using subsets of the guests’ data: one excluding the
fully categorical users of the velar variant, and another excluding the guests who pro-
duced five or fewer tokens of the alveolar variant. Although medium still did not
emerge as a significant predictor of the variation in these other models, there simply
may not be enough variability in (ING) to rule out the possibility of a true effect of
medium. Additional data from other speakers, especially from those who vary more
in their productions of (ING), could shed light on the role of medium as a predictor
of variation.

A second possibility is that there is, in fact, no real effect of medium on (ING)
variation. Because (ING) is so strongly correlated with speech style, this result
would be expected if in-studio and Zoom interviews are not stylistically differentiated
contexts. Under this scenario, the “clear speech” effects of medium-shifting identified
for articulation rate and vowel space area would not be due to style-shifting toward
more “careful” speech over Zoom. If these arise in order to improve one’s
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Table 3. Regression coefficients for mixed-effects logistic models predicting the alveolar variant [ɪn] in (a) the data from guests and (b) the data from Stephen Colbert alone;
rightmost column represents the mean rate of [ɪn] in the raw data for the factor level listed, if categorical

(a) Guests (n = 2,438)

Estimate Std. error z-value p-value N Mean

(Intercept) −3.706 0.507 −7.31 <0.001 *** 2,438 0.121

Part of speech (vs. verb) 1,206 0.176

gerund −0.752 0.209 −3.60 <0.001 *** 665 0.102

quantifier −2.611 0.653 −4.00 <0.001 *** 267 0.045

other −2.931 0.610 −4.81 <0.001 *** 300 0.013

Medium (vs. in-studio) 967 0.119

Zoom −0.738 0.448 −1.65 0.100 1,471 0.123

Log word frequency 0.330 0.109 3.02 0.003 ** 2,438

Medium:Log word frequency 0.111 0.111 1.00 0.317 2,438

(b) Stephen Colbert (n = 1,217)

Estimate Std. error z value p value N Mean

(Intercept) −3.138 0.544 −5.77 <0.001 *** 1,217 0.152

Part of speech (vs. verb) 562 0.224

gerund −0.438 0.227 −1.93 0.054 . 349 0.146

quantifier −2.809 0.908 −3.09 0.002 ** 161 0.043

other −3.336 1.060 −3.15 0.002 ** 145 0.007

Medium (vs. in-studio) 587 0.157

Zoom −0.275 0.527 −0.52 0.602 630 0.148

Log word frequency 0.493 0.143 3.44 <0.001 *** 1,217

Medium:Log word frequency 0.012 0.124 0.09 0.925 1,217
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intelligibility when communicating over video, then medium-shifting is expected to
affect intraspeaker variation regardless of style. Further research could be conducted
to determine whether the effects of medium-shifting found here in a corpus of con-
versational (though not sociolinguistic) interviews are replicated for other speech
styles, or whether they might be amplified or tempered depending on the style.

At the very least, the null result of medium for (ING) suggests that this variable is
relatively uninformative for understanding the impact of medium-shifting on intra-
speaker variation in conversation. The role of medium-shifting is more strongly dem-
onstrated by our studies of articulation rate and vowel space area, where it appears to
be operative even within a single speech style.

Discussion and conclusions

We investigated the effect of medium of communication (in-person versus video) on
intraspeaker variation in a corpus of interviews recorded before and during the
COVID-19 pandemic. We hypothesized that speakers may be motivated to produce
clearer speech over Zoom due to the perceived difficulty of video-mediated compared
to in-person communication. In order to test this hypothesis, we examined three var-
iables: articulation rate (an operationalization of speech tempo), density-controlled
vowel space area, and (ING). While all three variables are affected by “clear speech,”
only the third variable relates primarily to socially significant stylistic choices rather
than intelligibility. Our analysis showed that articulation rate was significantly lower

Figure 5. Predicted probability of the alveolar variant [ɪn] by medium from two statistical models (for all
guests and for Stephen Colbert); the effect of medium is not significant in either model.
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in the Zoom interviews, and density-controlled vowel space area was significantly
larger. However, the analysis of (ING) production across in-studio and Zoom inter-
views did not find medium to be a significant predictor of variation. The analyses of
articulation rate and vowel space area support the hypothesis that medium-shifting
plays a role in intraspeaker variation, where speakers may be motivated to enhance
their intelligibility over Zoom through more precise articulatory movements and
greater contrast between phonemic vowels (see McCloy et al., 2012). The null effect
of medium on (ING) suggests that these significant differences can be operational
even within a single conversational style.

Although an analysis of other variables is beyond the scope of the present article, we
hypothesize other features correlated with intelligibility to likewise be affected by
medium-shifting, such as loudness and intonational contours. Our results complement
the findings of other very recent studies that have examined the effects of video-
mediated communication on common speech variables. Notably, Kang and Nycz
(2021) studied the effects of medium (in-person versus video) among speakers of
Korean in a spot-the-difference task. They compared peripheral vowel production and
stop production and found that peripheral vowels become more peripheral, voice
onset time (VOT) increases, and the pitch space of stop production is expanded in
Zoom conversation. The differences in methodological approach between Kang and
Nycz (2021) and the present study—including language of interaction,
entertainment-oriented conversation versus speech task, presence versus absence of
audience, and celebrity versus noncelebrity status of speakers—demonstrate how perva-
sive medium-shifting is as a general motivator of intraspeaker behavior. We expect
future work to reveal additional variables that are similarly affected by medium-shifting.
We also hypothesize the effects of medium-shifting to be seen across other speech events
that take place either in-person or over video, such as classroom instruction or social
gatherings among friends.

The data in the present study come from thirty-four people who are diverse in
terms of occupation, place of origin, variety of English spoken, race, and gender.
Despite the diversity seen in the speaker pool, the effects on articulation rate and
density-controlled vowel space area are rather consistent, suggesting that medium-
shifting is a general linguistic strategy and not one confined to US varieties of
English. Although all of the interview participants from The Late Show are in the pub-
lic eye, our results are suggestive of communicative strategies that should be further
investigated with panel data from noncelebrity speakers (see Kang & Nycz, 2021).

As all the interviews analyzed were recorded within the first four months of the
COVID-19 pandemic, it is important to ask whether the effect of medium-shifting on
linguistic variables is a lasting consequence. It is plausible that with increased exposure
to video conferencing programs like Zoom, medium-shifting will no longer influence
production to the same extent, if at all. Additionally, speakers may be affected differently
according to age, where younger speakers more familiar with the technology will not evi-
dence effects of medium-shifting to the same degree as older speakers. Although the dif-
ferences in articulation rate and vowel space area are statistically significant across
medium of communication, they may not be perceptually salient. Accordingly, we pro-
pose the effects of medium-shifting to be local, possibly without any long-term impact
on how people speak when removed from a video conferencing setting.
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As linguists increasingly rely on video-mediated communication to collect speech
data, including after the pandemic, they should be aware that medium-shifting, like
other sources of intraspeaker variability, can affect common speech features, includ-
ing vowel acoustics. Therefore, the potential effects of medium-shifting should be
considered carefully before using video conferencing platforms to collect phonetic
measurements, perform certain normalization methods, or study variables that may
be affected by speech tempo. Our findings about the effects of medium-shifting
should inspire caution before incorporating mixed media interviews into a single var-
iationist study, even if those interviews are otherwise similar in genre and style. This
research contributes theoretically to our understanding of the range of factors that
can affect intraspeaker variation. The sudden increase in the use of video conferenc-
ing technology during the COVID-19 pandemic has created new ways for language
users to engage with one another in conversation; the choice of medium thus consti-
tutes a new extralinguistic factor that affects speaker behavior and speaker choices.
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Notes
1. The solid-state recording device used as a baseline in these studies is the Zoom Handy Recorder (model H6
in Zhang et al., 2021; H4n in Sanker et al., 2021), which is popular among sociolinguists and phoneticians
working in the field. This is not to be confused with the unrelated Zoom video conferencing program.
2. This view is reflected in metadiscourse from a recent interview from The Late Show with Stephen
Colbert, the show from which we obtained the raw data for this study. Fellow talk show hosts Stephen
Colbert and Trevor Noah agreed that the absence of a live studio audience during Zoom interviews
meant that the conversations were less “performative” (SC), “more natural” (SC), and characterized by a
heightened sense of “smallness” or intimacy (TN). The interview aired on October 29, 2021 and was posted
to YouTube: https://www.youtube.com/watch?v=Zf8ykuUU_Ds.
3. For the analysis of vowel space area, each speaker contributes one data point (a measure of area) for each
medium of communication. Therefore, there is no statistical motivation to separate Colbert’s data from
those of the guests.
4. The compilation video of guests’ “slates” aired in March 2021 and was posted to YouTube: https://www.
youtube.com/watch?v=FOvc7mjDQkU. For another clip that attests to the show’s use of the Zoom software,
see footnote 2.
5. This model is functionally equivalent to a t-test, as it contains just one fixed effect for medium.
6. An implementation of our methodology is provided at https://github.com/anniehelms/vsd.
7. Note also that meaningful differences in vowel space size are not erased with median normalization
since the only true constraint on the normalized values is -1, which corresponds to the asymptotic limit
of 0 Hz.
8. We also built a more complex model with by-speaker random slopes for medium, but it resulted in a
slightly worse fit to the data.
9. We tested more parsimonious versions of the two models with the interaction term removed; this had
no impact either on the direction or on the (non-)significance of the remaining factors.
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