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ABSTRACT
Sociological research on vocal dynamics in small groups demonstrates that as actors engage in
conversation, their vocal frequencies tend to converge over time. Evidence from a number of
studies supports the notion that vocal convergence often does not occur equally between
speakers, but rather that one actor typically “accommodates” the other. Previous scholars have
theorized that patterns of vocal frequency accommodation serves as a non-conscious indicator of
actors’ social status within a group. In this paper I briefly outline theoretical arguments and
empirical evidence linking vocal accommodation to small group status structurers. Next, I report
results from a laboratory experiment in which I test the proposed causal link between status and
vocal accommodation by randomly assigning members of dyadic task groups to occupy either a
higher or lower status position, and assessing patterns of vocal accommodation. Using two
different indicators of group status structure, results support the argument that vocal
accommodation is significantly related to status differences between actors. I argue that, as an
unobtrusive and non-conscious indicator of status, vocal accommodation is a valuable, yet
underused tool for assessing group status structures in a wide variety of situations and regarding

many substantive sociological questions.
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VOCAL ACCOMMODATION AND STATUS IN SMALL GROUPS

Recently, scholars across the social sciences have begun to take an increased interest in
the role of vocal dynamics in social interaction. A growing body of research points to the fact
that as people interact, their voices convey much more information than they intend or even
realize. Regarding overt vocal characteristics, Pitts and Gallois (2019) discuss the various ways
that dialect, social class differences in speech, and age and sex markers in the voice influence the
processes through which people categorize interaction partners. Regarding more subtle vocal
characteristics, evidence indicates that people non-consciously attend to a variety of acoustic
markers in the voice—such as pitch and fundamental frequency—that allow them to make rapid
inferences about personality and trustworthiness; such inferences arise even after a single spoken
word (Baus et al 2019). And in terms of more structural aspects of speech, research on linguistic
alignment shows that people line up their speech patterns with those of their interaction partners
as a means to signal social closeness (Ruch, Ziircher, and Burkart 2018).

Whereas psychologists, linguists, and communications scholars have focused largely on
how various vocal properties shape the perceptions and inferences we form about others,
sociologists have focused primarily on examining what vocal dynamics reveal about micro-level
structures of status and power in small groups (e.g., Gregory 1994; Kalkhoff, Thye, and Gregory
2017). Along these lines, one promising line of research suggests that between-actor
convergence in vocal frequencies—a process called vocal accommodation—serves as a channel
through which group members non-consciously communicate perceptions of each other’s
relative status. Given the proposed relationship between vocal dynamics and small group
hierarchies, recent theoretical and empirical developments point to the intriguing possibility that

researchers can unobtrusively assess and model status structures using established measures of
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vocal accommodation (Dippong and Kalkhoff 2018). As a methodological tool, vocal analysis
has broad potential for examining processes and outcomes of interest to sociologists who study
social psychology, organizations, inequality, communication, and biosocial processes.

Although the existing research connecting vocal accommodation to group status
structures is noteworthy, at least two substantial issues require further examination. First, based
on methodological considerations, the vast majority of sociological research in this area has
relied on quasi-experimental and survey-based approaches that infer group structures backward
from observed patterns of vocal accommodation. This is done most often using post hoc
measures collected from panels of external observers outside the group (c.f. Gregory and
Webster 1996; Gallagher et al 2005). The reliance on observers’ ratings has created a research
model in which more often than not, researchers begin with observed accommodation
differences in groups where the status structure is unknown, and then predict the status or
dominance perceptions of actors who are exterior to the group. Second, the practice of inferring
structure from posterior rankings has made it difficult to separate the effects of status from the
effects of dominance displays, which represent two distinct foundations of group hierarchy
(Cheng et al 2013; Cheng and Tracy 2014). Even studies that have attempted to disentangle the
unique effects of status and dominance on vocal accommodation (e.g., Kalkhoff et al 2017) have
done so essentially blind to the underlying basis of the group hierarchy.

While prior work has produced impressive results, a strong test of the causal link between
status and vocal accommodation requires measuring patterns of vocal accommodation in
interactions that meet the following three criteria: 1) the group is organized according to a
hierarchy of status rather than dominance; 2) the status structure of the group is known, allowing

us to predict behavior from structure, and not vice versa; and 3) accommodation differences can
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be mapped onto the status perceptions of group members themselves, rather than the perceptions
of external observers (Dippong and Kalkhoff 2018). The present study examines vocal
accommodation under such conditions.

In what follows, I present the results of a laboratory experiment examining the
relationship between vocal accommodation and small group status structures. The purpose of this
study is to demonstrate a causal relationship between actors’ position within a small group status
hierarchy and vocal accommodation, and to establish vocal accommodation as a viable
unobtrusive measure of group status structure that researchers can use either alongside existing
measures of status or as an alternative to traditional approaches. I begin with a brief overview of
the theoretical and empirical background linking vocal accommodation and status. Next, |
describe a laboratory experiment that tests three central aspects of vocal accommodation: 1) the
causal impact of status on vocal accommodation in a setting in which status differences are
established prior to group interaction; 2) the relationship between vocal accommodation and
group members’ subjective perceptions of the group status structure; and 3) the extent to which
measures of vocal accommodation are sensitive to magnitudes of status differentiation,
comparing groups with varying degrees of status differences between interactants. After
presenting my results, I conclude with a discussion of the implications of the findings,
highlighting the potential value of vocal accommodation as an unobtrusive measure of status,

and outline some future directions and unanswered questions.

THEORETICAL AND EMPIRICAL BACKGROUND

Current sociological models of vocal accommodation draw heavily on theory and
research not just from sociology, but also from research on communication and linguistics.

Communication scholars have long observed that as individuals interact, their behaviors tend to
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converge. For example, two people dining together in a restaurant will often seem instinctively to
take a drink at the same time; likewise, when one person in a group crosses their arms or legs,
others nearby tend to follow suit. This process of interactional synchrony (Condon and Sander
1974) can generate a behavioral rhythm that coordinates the actions of those involved and
enhances solidarity between actors (Hall 1981; Kalkhoff, Dippong, and Gregory 2011; Kalkhoff
et al forthcoming). Observable aspects of interactional synchrony include alignment in posture
and gestures (Condon and Ogsten 1967) and in speech patterns, speaking rate, and “tone” (Natale
1975). When actors converge in their speech and behavior, it promotes smooth interaction and
minimizes the impact of social differences between people (Giles and Coupland 1991).

The tendency to “sync up” with interaction partners appears to reflect processes that are
non-conscious (Condon and Sander 1974), and may be a fundamental component of social
interaction (Condon 1986). As evidence that synchrony occurs outside of conscious awareness
or control, Condon and Ogsten (1967) found that just as actors converge in their outward actions,
they also demonstrate a form of inward synchronization in internal biological processes. Condon
and Ogsten found evidence for inward synchrony in patterns of shared electrical activity in the
brains of interactors (as measured by EEG), and more recent research has verified the existence
of such interbrain synchronization (Kalkhoff et al 2015). As such, synchrony occurs in actions of
which individuals are consciously aware and in behaviors that are beyond conscious control.

Working within the context of interactional synchrony, Gregory (1983; Gregory and
Hoyt 1982) identified an additional form of inward synchrony reflected in convergence between
speakers’ vocal frequencies. Gregory (1983) observed that over the course of a dyadic
conversation, speakers’ vocal frequencies converge to produce a “vocal fingerprint” that is

unique to the interaction. Moreover, vocal convergence may constitute a fundamental component
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of human speech. Although researchers have focused primarily on documenting synchrony in the
vocal frequencies of English language speakers, evidence from one study involving Arabic-
speaking groups in Egypt revealed the same level of vocal synchrony as that which is typically
observed in American English-speaking groups (Gregory, Webster, and Huang 1993). Thus,
vocal synchrony is not merely a byproduct of a specific language, but is likely a process that is
agnostic to language and culture.

Vocal convergence occurs across a wide range of frequencies, though evidence suggests
that synchrony is strongest in frequencies below 500 Hz—a segment of the vocal spectrum
known as the paraverbal frequency band (Gregory, Dagan, and Webster 1997; Gregory et al
2001). The paraverbal frequencies are associated with vocal pitch, tone of voice, and emotion.
That the strongest convergence occurs within the paraverbal band underscores the notion that
synchrony reflects non-conscious processes; unlike frequencies within the verbal band, it is very

difficult to consciously manipulate the paraverbal frequencies (Bachorowski 1999).

Vocal Synchrony and Vocal Accommodation

Building on scholarship on behavioral convergence and synchrony, research within the
framework of accommodation theory has sought to explain how features of the interactional
setting affect the convergence process (Giles and Coupland 1991; Giles and Smith 1989).!
Accommodation theory observes that as individuals adapt to each other and adopt each other’s
mannerisms and behaviors, synchrony often arises unequally, with one interaction partner

“putting in more work” to adapt and converge (Gallois, Ogay, and Giles 2005). In essence, if

' The framework I discuss here has variously been referred to as accommodation theory (Giles
and Smith 1979), speech accommodation theory (Giles et al 1987), and communication
accommodation theory (Giles and Coupland 1991). I employ the term accommodation theory to
highlight a broad focus on behavioral convergence.
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interaction has a rhythm, accommodation theory suggests that there is often a “conductor” who
establishes the tempo and rhythm that others follow. Furthermore, structural aspects of the
interactional setting, such as status and power differences between actors, influence which group
member becomes the behavioral conductor of the interaction. Lower status actors converge
toward higher status actors much more than the other way around, and this difference in
convergence effort is called accommodation. Although all group members benefit from the
effects of synchrony—including greater solidarity (Kalkhoff et al 2011), communication quality
(Gregory et al 1997) and cohesion (Gregory et al 2009)—evidence suggests that these benefits
arise largely through the accommodative efforts of lower status actors.

Recognizing that lower status actors put in greater effort to adapt than do their higher
status counterparts, the central claims of accommodation theory map neatly onto research on
vocal synchrony.? That is, as group members converge in their paraverbal vocal frequencies,
accommodation theory suggests that lower status actors will move toward higher status actors
more so than the other way around. Across a number of studies, researchers have consistently
found that convergence in vocal signals in dyadic groups occurs unequally, with one actor
demonstrating greater paraverbal variability than the other (Gregory 1994; Gregory and
Gallagher 2002; Kalkhoff and Gregory 2008). Additional studies have shown that observers who

listen to such conversations tend to attribute lower status to speakers who demonstrate greater

2 Accommodation theory acknowledges two potential forms of behavioral adaptation:
convergence occurs when actors behave to minimize differences, and divergence occurs when
actors seek to emphasize individual distinctiveness (Gallois et al 2005). The vocal
accommodation model presented here applies solely to interactions in which convergence occurs.
That is, the logic of current measures of accommodation assume vocal convergence (Dippong
and Kalkhoff 2018).
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paraverbal variability. There is some suggestive evidence, then, that paraverbal frequency
accommodation reflects status differences between speakers.

In an early test of the vocal accommodation model, Gregory and Webster (1996)
analyzed a series of interviews between talk show host Larry King and guests on his televised
program, including politicians, athletes, and other celebrities. Results indicated that the
interviewer tended to vocally adapt to higher status partners, while demonstrating greater vocal
stability when interviewing relatively lower status guests. Gallagher and colleagues (2005)
further developed the vocal status model, examining interactions between medical students and
simulated patients, finding that asymmetry in vocal convergence emerged when the interaction
centered on tasks related to the interviewers’ area of expertise, suggesting that the process was
driven by status and prestige differences between speakers. More recently, Moore, Dippong, and
Rejtig (2019) provide evidence that in mixed-sex groups, female participants assigned to task
leadership positions demonstrate less paraverbal variability than those assigned to non-leadership
positions.

In an effort to differentiate the effects of prestige and dominance on vocal
accommodation, Kalkhoff and colleagues (2017) analyzed vocal data from televised debates
between talk show host Piers Morgan and three different guests. Kalkhoff et al. (2017) measured
viewers’ perceptions of each actor’s dominance and prestige, finding that paraverbal variability
significantly predicted observers’ dominance perceptions of the speakers, but not their
perceptions of prestige. In the absence of specific knowledge of the underlying status structure of
the interview dyads, however, it is unclear whether the interactional hierarchies represent status
structures or dominance structures. Nonetheless, Kalkhoff and colleagues (2017) show that

accommodation differences reflect hierarchical differences between group members generally.
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None of the studies discussed here conclusively demonstrates a causal relationship
between vocal accommodation behaviors and relative position within a small group status
hierarchy, though each provides a piece of the puzzle. Building on accommodation theory, which
argues that lower status actors contribute greater effort toward behavioral convergence, coupled
with findings related to interviewers’ greater accommodation when interviewing higher status
guests and evidence that patterns of vocal accommodation reflect status perceptions, I offer the
following hypothesis:

H;i: Relative status position within a group is positively related to vocal
accommodation behaviors

Specifically, I aim to demonstrate the causal effect of status differences on vocal
accommodation. I test my hypothesis using two different indicators of status position:
participants’ assigned positions within an induced status hierarchy created through experimental
manipulation, and self-reported perceptions of status relative to their interaction partner.

Because I am also interested in demonstrating the viability of vocal accommodation as an
unobtrusive measure of status, I also test whether measures of vocal accommodation are
sensitive to magnitudes of status differentiation between actors. As an exploratory matter I
examine whether vocal accommodation distinguishes group members according to a rough
binary higher-vs-lower status dimension or whether larger status differences between group
members produce larger differences in accommodation. Because prior work has yet to address
the issue of sensitivity to magnitudes of status differentiation, I do not offer a hypothesis

regarding possible effects.

A Note on Analyzing Vocal Data
Over time, researchers who study vocal dynamics have developed and refined standard

methods for analyzing data and assessing accommodation, and these analytical procedures are



Vocal Accommodation and Status 10

available in a variety of published sources.? Assessing vocal accommodation involves first
converting the audio signal of speakers’ voices into quantitative values using fast Fourier
transform analysis (FFT). In short, FFT functions much like a prism that separates visible light
into distinct color wavelengths (Gregory 1986). FFT splits the complex waveform of the human
voice into hundreds of separate frequencies, summarizing the audio signal by plotting acoustic
frequencies for a given utterance against the average amplitude at that frequency (Gregory and
Kalkhoff 2007).

After converting speakers’ acoustic signals via FFT, researchers can isolate the
paraverbal frequencies of the voice and calculate a variety of measures. The earliest research on
vocal dynamics employed simple bivariate correlations between speakers’ FFT signals to model
synchrony, with positive correlations signifying convergence (Gregory and Hoyt 1982; Gregory
1983). Subsequent research has utilized principle components analysis of FFT values to produce
a measure of vocal stability known as acoustic analysis result (AAR). The logic behind the AAR
measure is that in interactions where actors’ vocal frequencies converge, speakers who
accommodate their partners will demonstrate less vocal stability. If status differences are driving
the accommodation process, we should expect lower status actors to produce lower AAR values.

When vocal accommodation has occurred, the data should reflect two properties: 1) a
positive correlation between speakers’ FFT values; and 2) a difference in variability/ stability
between speakers’ paraverbal frequencies across the duration of interaction, with higher AAR

values denoting greater stability and lower values indicating greater paraverbal variability.

® For readers interested in the technical details of vocal analysis, Dippong and Kalkhoff (2018)
offer a thorough overview of the most common processes for collecting audio data, for preparing
data for analysis, and for assessing vocal outcomes. Similarly, Kalkhoff and colleagues (2017,
online supplement) provide step-by-step instructions, as well as specific software settings used
for calculating the most common measures of vocal accommodation.
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Regarding AAR, Kalkhoff et al (2017:1) state, “The FFT measure of vocal adaptation is useful
insofar as it is relatively easily obtained, objectively measured, reliable, and taps into a
quantitative property of conversational speech that seems to occur outside of people’s conscious

control.” As such, vocal measures possess a number of desirable properties.

METHOD

To examine the relationship between status structure and patterns of vocal
accommodation, I conducted a laboratory experiment in which I randomly assigned members of
dyadic discussion groups to occupy either a higher or lower status position. Following the status
manipulation, group members completed an open interaction decision-making task, and I
collected audio recordings of the discussions. I predict that under conditions of vocal
convergence, lower status actors will demonstrate greater paraverbal variability. Unlike previous
work that employs panels of external raters to infer the status structure of a group they observe,
the present study models the status-accommodation link using only the manipulated structure of

the group and the overt behavior of interacting actors.

Participants

A total of 92 student volunteers participated in the study, which took place at a large
Southeastern university. Participants signed up for research sessions using an online appointment
scheduling platform, with arrival times staggered to reduce the possibility of interaction between
group members prior to the study. All participants completed the study in same-sex, two-actor
groups. Experimental groups were randomly assigned to one of two treatment conditions,
reflecting either moderate or large induced status differences (described below). Furthermore, 1
randomly assigned actors to occupy either a higher or lower status position within their group.

All volunteers received a $25 cash incentive for completing the study.
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Procedures

Upon arrival for the study, each participant was greeted by a research assistant, who
escorted the participant to a private room. The participant rooms were all equipped with a
desktop PC, a pair of headphones with microphones for communication between task partners,
and a lavalier condenser microphone for collecting high quality vocal recordings.* After
providing informed consent, participants completed a two-phase study. In phase one, participants
worked separately to complete either one or three contrived ability tests, which served as the
basis for the status manipulation. In phase two, participants worked together to complete a
collective group task. During the group task, participants communicated with their partners over
a computer network using microphones and headphones. At no point did the participants meet
face-to-face.

Phase One: Status Manipulation. Following previous research on small group status
structures in open-interaction settings (e.g. Dippong, Kalkhoff, and Johnsen 2017), I manipulated
status differences between partners using artificially induced status characteristics. I employed
artificially created status characteristics rather than overt diffuse characteristics like age,
education, race, and gender in order to maximize experimental control over the status structure
within the group. By inducing status differences using novel characteristics, I was able to ensure
that the status structure in each group was as identical as possible, and unaffected by individual
differences, biases, or variation in pre-existing status beliefs. Furthermore, the use of artificial
status differences precludes the possibility of group members inadvertently revealing information

that contradicts the established basis of the status hierarchy. Substantial evidence supports the

* The present study utilized Sennheiser PC 151 Microphone Headsets and Audio-Technica
AT831B Cardioid Lavalier Condenser Microphones.
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contention that artificially created status characteristics function the same as “naturally
occurring” characteristics (see, for example, Webster 1977; Dippong et al 2017; Melamed et al
2017). Accordingly, the use of artificial characteristics allows for a strong experimental design
while remaining relevant to multiple social bases of status differentiation.

I created status structures within my experimental groups using contrived feedback
regarding performance on pre-tests of either a single characteristic (condition one) or three
characteristics (condition two). By manipulating the number of characteristics that differentiated
group members, my goal was to induce larger status differences on condition two than in
condition one. The first test purportedly measured a characteristic related to participants’ ability
to solve problems intuitively. Although novel in its application, the test involved a slightly
modified version of a well-established problem-solving task known as “Lost at Sea” (see
Kalkhoff et al forthcoming for a description of Lost at Sea). The remaining two tests—called
contrast sensitivity and meaning insight—have been used extensively in decades of research on
small group status structures (see Moore 1968 for an overview of contrast sensitivity, and
Webster 1977 for an overview of meaning insight). Instructions for all three pre-tests emphasized
that they are well established and valid measures of socially relevant characteristics.

All three tests had similar properties, in that participants were led to believe that there
was a correct solution to the problems in each test, but the problems were ambiguous enough that
participants could not accurately gauge their own performance. Using such tasks, it is possible to
convince participants of the validity and accuracy of practically any score, making them “an
efficient means of creating and randomly assigning states of specific status characteristics”
(Berger and Fisek 1970:293). Additionally, participants were informed that the three ability tests

were unrelated to such characteristics as race and gender. This was done to ensure that any status
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differentiation between participants could be attributed solely to experimentally manipulated
characteristics. The tests and all instructions were administered via computer to guarantee
standardization.

After completing the pre-test(s), the computer program provided participants with
contrived feedback regarding their performance, as well as their partner’s performance. To
ensure that participants paid attention to the scores, they were asked to manually record both
their scores and their partner’s scores on a form we provided. Again, participants in condition
one completed a single pre-test related to one characteristic. To create status differentiation,
group members were informed that the individual who was randomly assigned to the lower status
position scored in the “fair” range (on a scale consisting of poor, fair, average, good, and
excellent). Participants in condition two completed the problem-solving ability test, as well as
the contrast sensitivity and meaning insight tests. I assigned scores on these tests consistently
across all three ability tests such that group members received feedback that the actor assigned to
the higher status position scored substantially higher than the lower status actor. Higher status
group members received scores on both tests that they were informed fell within the “superior”
range, while lower status actors received scores in the “average” range. Overall, higher status
actors in condition two were consistently advantaged across three separate characteristics. Table
1 presents the manipulated status structures of dyads in conditions one and two.

[TABLE 1 ABOUT HERE]

Phase Two: Group Task. In the second phase, participants worked together in an open
interaction format to complete a collective decision-making task. Instructions for the group task
informed participants that the task was designed to assess how the characteristics measured in

phase one of the study affected the ways that they formed decisions together. Each group
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completed the “Lost on the Moon” task, an activity that is commonly used to examine interaction
and communication in small groups (c.f. Cheng et al 2013).

The Lost on the Moon activity involves asking group member to imagine being stranded
together on the surface of the moon with a list of fifteen items (e.g. oxygen tanks, nylon rope,
water), salvaged from a supply ship. To complete the task, participants rank ordered the fifteen
items in terms of importance for survival while awaiting rescue. To emphasize that the task has a
correct answer, instructions informed participants that their group score would be calculated by
comparing their group rankings to the optimal item ranking determined by NASA. Participants
first privately recorded their initial rankings of the items, and used these rankings as a basis for
discussion when they collaborated with their task partner.

The group task and all instructions were administered via computer, and group members
communicated through headphones over a network to complete the task. Using high quality
condenser microphones, I digitally recorded conversations on a central control PC using a
Roland Quad-Capture USB mixer and Audacity software, at a sampling rate of 48000 Hz. Prior
to connecting participants to the communication network, the research assistant advised them to
discuss only the assigned task, and to refrain from introductions and talk unrelated to the task. A
review of audio files revealed that all groups conformed to the request. During interaction, group
members communicated vocally, but never saw each other. Participants were asked to reach
consensus on the group ranking within fifteen minutes, and all groups successfully reached
consensus in the allotted time. Participants’ voices were recorded on separate channels, and
because they were isolated in separate rooms, this ensured that each track contained only a single

actor’s voice.
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Following the group task, participants completed a post-test questionnaire that contained
manipulation check items and assessed their subjective impressions of each other’s status. Next,
they completed a face-to-face interview, in which research assistants evaluated the extent to
which participants took the group task seriously and probed for any suspicion regarding
experimental procedures. Lastly, participants were debriefed regarding areas of deception and
received their payment. On average, experimental sessions lasted approximately one hour and

fifteen minutes.

Measures

Dependent variable. To assess vocal accommodation, I employ acoustic analysis result
(AAR) scores derived from recordings of group interactions. Following established procedures
laid out by Dippong and Kalkhoff (2018), calculating AAR involves four relatively simple steps.
First, I divided the audio recordings for each speaker into equal temporal segments,
corresponding roughly to the beginning, middle, and end of conversation. This process produced
six speech segments (three for each speaker). Second, using SpectraPlus software, I performed
FFT analysis on each of the six temporal segments. Third, I included values for all six FFT
segments in a single principle component factor analysis model. This model reliably produces a
two-factor solution. Fourth, I calculated the mean of each group member’s rotated factor
loadings on the first factor, which captures relative stability (Kalkhoff et al 2017; Dippong and
Kalkhoff 2018). AAR, then captures the average stability of each actor’s paraverbal frequencies,
relative to their task partner, across the duration of the discussion. To reiterate, higher AAR
values represent greater relative paraverbal stability, which I hypothesize is associated with

occupying a higher status position.
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Independent variables. 1 test the relationship between status and accommodation in two
ways, first with a variable denoting each group member’s position within the manipulated status
structure, and second with a variable capturing participants’ subjective impression of each
other’s status. For models examining the effects of manipulated position, I employ a
dichotomous categorical variable (0 = lower status, 1 = higher status). A significant positive
relationship between status position and AAR would provide support for my hypothesis.

For subjective impressions of status, I use a measure derived from two items embedded
in the post-study questionnaire. Participants responded to two items, presented toward the
beginning and the end of the questionnaire, respectively: 1) My partner had high status in the
discussion; and 2) I had high status in the discussion. Responses to the two items were recorded
using a likert-type scale ranging from (1 = strongly disagree) to (9 = strongly agree). To calculate
subjective status perceptions, I created a variable in which I subtracted perceptions of task
partner from perceptions of self. Positive values denote a perceived status advantage for self, and
negative values represent a perceived advantage for task partner.

Control variables. My analyses also include two different sets of control variables to
account for additional theoretically relevant characteristics of participants’ speech, as well as
demographic characteristics of the participants. For speech characteristics, I include controls for
vocal pitch (produced during FFT analyses) and participants’ total speaking time in seconds. In
terms of demographic characteristics, I employ dichotomous variables for participant sex (1 =
female), race (1 = white), and academic standing (1 = greater than freshman).’ I also include a

continuous measure of participant age.

3 I estimated additional models in which I include more fine-grained racial and academic
categories, and the analyses produced the same substantive results as those reported here.
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Variables for exploratory analyses. To examine the extent to which greater magnitudes
of status differentiation produce larger differences in vocal accommodation, I estimate models
that include two additional variables. First, I include a dichotomous indicator for experimental
condition (0 = condition 1, one status characteristic; 1 = condition two, three status
characteristics). And second, for both the manipulated position and the subjective status models,
I include a term for the interaction between status and condition. A positive and significant
interaction effect would provide evidence of sensitivity to status differences of varying

magnitudes.

Analytic Strategy

I utilize generalized estimating equations (GEE) to test my theoretical and exploratory
models. GEE produces parameter estimates based on population averaged models, and is
preferable to standard linear mixed models when comparing the effects of a manipulation or
intervention between two or more groups (Hubbard et al 2010). Importantly, GEE accounts for
the nesting of participants within groups, is not constrained by the same distributional parameters
as linear mixed modeling, and produces estimates that are generally robust against

misspecification of the underlying error covariance structure (Overall and Tonidandel 2004).

RESULTS

The primary goal of the present study is to test the proposed causal relationship between
status and vocal accommodation within the paraverbal band of the voice. In addressing these
goals, I analyze data from 41 out of the original 46 dyadic groups (82 participants). My analyses

exclude data from two dyads in which a group member expressed well-articulated suspicions
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regarding the status manipulation.® I excluded an additional three dyads based on group
members’ failure to converge in their paraverbal vocal frequencies. Because my measure of
vocal accommodation assumes convergence between actors, groups were excluded when they
met both of the following criteria: 1) FFT values demonstrated a significant inverse bivariate
relationship within at least two temporal speech segments, and 2) the average Pearson correlation
coefficient across all three temporal segments was negative. My total exclusion rate is 10.87
percent, which is consistent with other experimental research on status in groups (see Dippong
2012). My analytical sample includes 18 groups in condition one (n = 36) and 23 groups in
condition two (n = 46).

In terms of sample characteristics, participants reported an average age of 20.5 years.
Approximately 43 percent of the sample identified as white, non-Hispanic. Regarding other
characteristics, 41.5 percent of participants were freshmen and, 61 percent identified as female.
A series of planned comparisons reveal no significant differences in age, self-reported race/
ethnicity, and academic level between actors assigned to higher and lower status positions.
Stated differently, random assignment distributed these characteristics evenly between
comparison groups. While the overall sample consists of a significantly greater proportion of
female participants (chi-square = 4.878; df = 1; p = .027), the use of same-sex dyads precludes
the possibility that sex differences between group members affected vocal accommodation
patterns within groups.

Table 2 presents descriptive statistics for vocal characteristics and subjective status

perceptions. Actors assigned to the higher status position produced larger AAR values (paired-

® Because AAR is an inherently relative measure that combines data from all group members, I
exclude data from an entire group even when only one expressed suspicion.
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sample t = 4.116; df = 40; p < .001) and spent more time speaking than their partners did (paired-
sample t = 11.683; df = 40; p <.001). Contrary to what prior researchers have found, participants
in my study demonstrated no significant differences in their vocal pitch. Lastly, group members’
subjective perceptions reflect the intended status ordering.

[TABLE 2 ABOUT HERE]
Manipulation Check

To assess the effectiveness of the status manipulation, I employed three questionnaire
items drawn from Zeller and Warnecke’s (1973) general performance expectations index. The
Zeller and Warnecke index does not directly assess status, but performance expectations
represent a closely related phenomenon (Berger et al 1977), making the measure suitable for
inferring status differences. Further, Driskell and Mullen (1988) provide evidence from meta-
analysis that the Zeller and Warnecke index reliably differentiates between actors of differing
status. Participants rated themselves and their task partner using nine-point likert-type scales
that assessed perceptions of each actor’s ability in situations in general, intelligence, and ability
to do “other things that count in the world.” I calculated expectation scores by taking the mean
of the three items.

Table 3 presents the means, standard deviations, and paired-samples t-tests comparing
group members’ expectations for both group members. In both treatment conditions,
participants reported significantly higher expectations for actors in the higher status position
versus the lower status position. Additionally, the mean difference between higher and lower
status actors is 56.6 percent higher in condition 2 compared to condition 1. This suggests that
the manipulation successfully produced the intended status ordering both within groups and

across conditions.
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[TABLE 3 ABOUT HERE]
Analysis 1: Manipulated Status Position

I employ generalized estimating equations (GEE) using STATA’s xtgee command with
robust standard errors.” To select the appropriate error covariance structure for my models, I
employ Cui’s (2007) quasi information criteria for GEE (QIC). Although both the independent
and the exchangeable covariance structures produced nearly identical parameter estimates, QIC
results favored the exchangeable structure (independent qic = 21.789; exchangeable qic =
18.700).

Table 4 presents GEE models predicting vocal accommodation from manipulated status
position (1 = higher status). Looking first at model 1, we see that status significantly predicts
vocal accommodation, and that the relationship is in the expected direction. Model 2 introduces
additional vocal factors that may influence the relationship between status and accommodation.
Importantly, status maintains a significant effect when controlling for vocal pitch and speaking
time. Vocal pitch is significantly and positively related to accommodation, and speaking time has
no significant effect. The introduction of demographic controls in model 3 has minimal effect on
the model; status and vocal pitch remain significant predictors of vocal accommodation. Overall,
GEE results provide strong support for hypothesis 1.3

[TABLE 4 ABOUT HERE]
Regarding the exploratory question of whether the measure of vocal accommodation |

employ is sensitive to magnitudes of status differentiation, it is possible either that: 1) AAR

"I replicated these analyses employing a mixed model approach; using the xtmixed command in
STATA with random effects for group membership, mixed-effects models produced
substantively identical results to the GEE models reported here. Analyses available from author.

8 NB to editors and reviewers: I intend to archive the data and codebook for this study at the
Harvard Dataverse Project and will provide data access information here.
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differentiates between higher and lower status actors as a rough binary distinction; or 2) that as
status differences increase, so do differences in accommodative behavior. The last two models in
table 4 examine the effects of study condition and the binary interaction term between status
position and condition. As expected, status position maintains a significant effect on vocal
accommodation when controlling for experimental condition. More importantly, model 5 shows
a significant interaction between status and condition. Looking at the status by condition
interaction term, the coefficient is positive and significant. In other words, the relationship
between status and accommodation is conditioned by the magnitude of the status difference.
Larger status differences produce larger differences in AAR.

To further illustrate the effects of status and condition on vocal accommodation, figure 1
presents the simple slopes plot of the interaction. In looking at the slopes plot, it appears that
larger status differences lead to greater differences in vocal accommodation primarily by
producing lower AAR scores in lower status group members, while having virtually no effect on
the AAR scores of higher status actors. Indeed, lower status actors in condition 2 produced
significantly lower AAR scores than those in condition 1 (independent samples t =2.478; p =
.017, two-tailed). For actors in high status positions, average AAR did not vary by condition
(independent samples t = -.761; p = .451, two-tailed). This result is consistent with what we
might expect, given that that higher status actors demonstrate relatively little variability in the
paraverbal band in the first place. In other words, higher status actors demonstrated comparable
levels of stability, regardless of the status distance between them and their task partners.
Conversely, lower status actors revealed substantially greater variability (and hence lower AAR)
as their relative status decreased.

[FIG 1 ABOUT HERE]
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Analysis 2: Subjective Status Perceptions

Having demonstrated that vocal accommodation reflects differences within the objective
status structure of an interaction, I turn next to the relationship between vocal accommodation
and group members’ subjective perceptions of each other’s relative status. As can be seen in
table 5, the pattern of results is nearly identical to those obtained using group members’
manipulated status position. The relationship between status perceptions and vocal
accommodation is positive and significant in model 1, and the relationship holds up after
accounting for additional vocal characteristics and demographic factors in models 2 and 3. These
results lend further support to my hypothesis; whether modeled in terms of an objective indicator
of group status structure or in terms of group members’ self-reported status perceptions, higher
status actors produce significantly higher AAR values.

[TABLE 5 ABOUT HERE]

There is one very noteworthy difference between the effects of manipulated and
subjective status differences, namely that the interaction between subjective status perceptions
study condition is not significant. This finding does not, however, necessarily undermine the
results obtained based on manipulated status position. Unlike the dichotomous indicator of status
that I used to model objective manipulated status position, the subjective indicator already
accounts for different magnitudes of status differentiation between conditions. In condition 1
(one status characteristic), the mean difference between higher and lower status actors’
subjective perceptions was 1.56 (¢ = -2.881; p < .01). Conversely, for condition 2 (three status
characteristics) the mean difference in status perceptions was 2.52 (t = -4.964; p < .001). Thus,
the measure of status itself is already sensitive to magnitudes of differentiation, and the

interaction term is essentially redundant.
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Summary

Taken as a whole, analysis of objective indicators of status position (as shown in table 4)
and subjective self-reports of status perceptions (as shown in table 5) both provide clear evidence
that differences in vocal accommodation between interactants are driven by differences in status.
Most importantly, however, my analyses show that as a measure of vocal accommodation, AAR
captures the internal status dynamics of a group. Whereas previous studies have relied on the
perceptions of external observers, my study shows that AAR reflects the definition of the
situation as determined by the interactants themselves. My results also show that vocal
accommodation is a useful measure of status in groups where the status structure is known and
when the status structure is modeled using post hoc subjective measures of status. Further, I have
provided initial evidence that AAR can be useful for assessing the magnitude of status
differences between actors, with smaller status differences reflected in smaller AAR values. In
the next section, I summarize the primary contributions of the present study, discuss the potential
for vocal accommodation as an unobtrusive measure of status, and outline useful future

directions for research on vocal accommodation and status.

DISCUSSION

In the present study, I have provided an experimental test of the causal relationship
between status and vocal accommodation. The research design I employed represents a
substantial step forward in our understanding of vocal accommodation processes in two ways.
First, whereas prior research on vocal accommodation has utilized post hoc self-report data to
infer status differences at the end of an interaction, the present study allows for strong causal
inference by manipulating status differences prior to interaction and assessing how such

differences shape vocal dynamics. Second, existing research on vocal accommodation employs
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panels of external raters to infer the status structure of a group they observe. The present study
uses vocal accommodation to model status differences using only the manipulated structure of
the group, the perceptions of interacting actors, and audio recordings of group interactions. In
this way, the results provide new insight on how vocal accommodation reflects the internal
structure and dynamics of status-differentiated small groups.

Aside from providing experimental evidence to support decades of theoretical and
empirical work on vocal accommodation, my results also help address some open questions
regarding the social bases of vocal accommodation. Specifically, whereas some studies have
found evidence connecting vocal accommodation to hierarchies of status (e.g., Gregory and
Webster 1996; Gallagher et al 2005), Kalkhoff et al (2017) found that in a set of televised
interviews, vocal accommodation predicted observers’ perceptions of dominance, but not
prestige. Regarding these results, Kalkhoff and colleagues (2017:351) note that “the interviews
were to some degree conflictual and in one case involved an especially heated exchange...It is
important to know whether our findings would replicate when panelists watch or listen to
interactions that are more cooperative in nature.” By examining vocal accommodation in groups
that were both cooperative and explicitly organized according to status differences, we can be
confident that vocal accommodation does indeed reflect status differences.

This argument is bolstered by the fact that I found no significant differences between
group members in terms of their dominance perceptions of each other (paired-sample t = -1.134,
df = 81, p =.26). Given that participants in the present study demonstrate significant differences
in status perceptions but no significant differences in dominance perceptions, it seems quite
unlikely that the patterns of vocal accommodation I observed can be attributed to structures of

dominance and not status. It is important to note that while I analyze how status affects group
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members’ status perceptions, Kalkhoff and colleagues focus on the perceptions of observers.
Accordingly, the analyses are not necessarily contradictory.

Although my results are based on interaction in a controlled laboratory setting, the
phenomenon is not restricted to such conditions. The decision to employ a laboratory experiment
was based solely on obtaining the high degree of internal validity necessary to test causal
relationships. In terms of broader generalizability, the results of any social experiment are
applicable to naturalistic settings to the extent that both the experiment and the social situation
meet the same theoretical conditions (Zelditch 1969; Webster and Kervin 1971). In other words,
the use of a laboratory setting for this study does not limit the applicability of its findings and
methods of analysis to only laboratory settings. Existing studies examining vocal
accommodation using secondary data from debates (Gregory and Gallagher 2002; Kalkhoff and
Gregory 2008) and interviews (Gallagher et al 2005; Kalkhoff et al 2017) attest to the usefulness
of the approach for examining everyday interactions. The internal validity of laboratory
experimentation only serves to increase confidence that the relationship between vocal
accommodation and status really operates as the theoretical model has proposed.

Vocal Accommodation as an Unobtrusive Measure of Status

Sociologists interested in studying inequalities related to group-level status structures
have at their disposal a variety of experimental, observational, and survey-based tools for
assessing behavioral outcomes related to interaction in stratified social settings. Given its
demonstrated relationship to status, researchers can employ vocal accommodation as a stand-
alone measure of status (e.g., the present study) or as a supplementary measure that can be used

alongside other existing measures (e.g., to analyze recordings collected for other purposes).
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Furthermore, vocal accommodation is useful both as a dependent variable produced by status
processes, and an independent variable predicting other behaviors.

As a measure of vocal accommodation, AAR possess two broad properties that make it a
particularly valuable research tool for status researchers. First, AAR captures processes that
occur outside of conscious awareness. Despite the fact that behavioral accommodation is a
fundamental aspect of interaction, people are rarely aware that it is occurring (Condon and
Sander 1974). This is even more so the case with vocal accommodation, in that it occurs within a
range of vocal frequencies that interactants do not consciously attend to and that speakers do not
consciously manipulate (Gregory et al 2009). As such, measures of vocal accommodation bypass
individual self-presentation motives. Research participants can manipulate responses on a
questionnaire, for example, to ensure presenting a socially desirable self; conversely existing
evidence suggests that such manipulation is not possible (or at least extremely difficult) with
vocal accommodation.

Second, researchers can collect vocal data relatively easily and unobtrusively. Given the
ubiquity of audio and video recording in research settings, many researchers already collect the
necessary data to conduct the kind of analysis I presented. Simply providing members of
discussion groups with microphones opens an impressive array of analytical options.
Technological and methodological advancements make it increasingly easy to collect vocal data,
including methodological tools developed specifically for sociological research (e.g., Parker et al
2018). And despite the fact that recording people can activate self-presentation motives,
participants are unlikely to guess the purpose of the recording, and even then, it is unlikely that

they would be able to significantly alter their paraverbal vocal behaviors. Further, the approach is
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useful for analyzing any secondary data with sufficient audio quality, including vocal data from
television, radio, podcasts, and websites.

It is also worth noting that generating quantitative measures of vocal accommodation
requires relatively simple methods and analytical procedures. As stated above, step-by-step
procedures for collecting and analyzing original and secondary data are available in multiple
places (see especially Dippong and Kalkhoff 2018; Kalkhoff et al 2017). Likewise, the hardware
and software necessary to conduct vocal spectral analysis is relatively inexpensive, and open
source software has made many of the basic necessities easily and freely accessible.

Future Directions

The present study represents a potentially substantial step forward in the sociological
understanding of how vocal processes reflect social structure, though two noteworthy questions
remain. To this end, the vast majority of research on vocal accommodation has focused on
interacting dyads. More work is needed to assess how the process operates in larger interaction
groups, as well as the extent to which quantitative indicators require modification for larger and
more complex settings. Additionally, if vocal accommodation is to be widely useful, it would be
beneficial to examine how vocal accommodation relates to other status-related behaviors, such as
influence patterns in experimental task groups. Future research on vocal accommodation should
involve collecting multiple behavioral indicators to allow for comparisons of the general

properties of the measures.

CONCLUSION
In this paper, using experimental methods, I have demonstrated the causal relationship
between vocal accommodation and small group status structures. Further, I have argued that

vocal accommodation is useful as an unobtrusive measure of status. While on the surface, it may
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seem that vocal accommodation is a phenomenon best suited for use in social psychological
research, its applicability is in fact, much broader. For scholars who study organizations, vocal
accommodation is useful for understanding how work groups embedded in larger organizations
make decisions together. For those interested in biosocial processes, vocal accommodation offers
a mechanism to examine the interplay between social structure and bodily processes. And for
scholars who study social dynamics related to race or gender, vocal accommodation provides a
way to assess inequalities using measures that bypass conscious motivations to act in socially
desirable ways. As a means to measure and model status-based behaviors, vocal accommodation
serves as a potentially valuable tool for advancing the scientific understanding how social

structure impinges on interaction.
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Table 1. Dyadic Status Structures by Condition

Condition 1 Condition 2
Manipulated Status Lower Higher Lower Higher
Position: Status Status Status Status
Status Characteristics: i + L M

Note: Status differences manipulated using either one or three artificial
characteristics. Signs denote advantage or disadvantage for each status
characteristic.
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Table 2. Descriptive Statistics (N = 82)

Total Lower Higher

Variable Sample status status
Vocal Stability (AAR) 590 447 733%
(.284) (.279) (.208)
Vocal Pitch 244952  247.075 242.829
(231.391) (218.751) (231.391)
Speaking Time (in seconds) 203.122 174.073  232.171%
(117.742)  (95.403) (131.306)
Subjective Status Perceptions -.098 -1.146 951¢%

(1.985) (1.740) (1.642)

“Denotes significant differences between higher and lower status
participants (paired samples t-test, p < .001)
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Table 3. Manipulation check: Paired-samples t-tests
Comparing Self-reported General Performance

Expectations
Lower Higher Comparison
Status Status
Condition 1 6.815 7.389 t=3.091
(1.139) (.826) df =35
p <.01
Condition 2 6.659 7.558 t=4.232
(1.177) (.869) df =45
p <.001
Full Sample 6.728 7.484 t=15.228
(1.156) (.850) df = 81

p <.001
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Table 4. GEE Predicting Vocal Accommodation from Manipulated Status
Position (N = 82)

Model 1 Model 2 Model 3 Model 4 Model 5
Constant  .447+** A4 %% A7 5w 540 6] 1 Hw*

(.044) (.043) (.060) (.056) (.063)
Status  286*** 283 %** 20971%%% 297%%* 151
(.069) (.068) (.069) (.069) (.100)
Vocal Pitch 029%%* .028#* 030%** 030%**
(.009) (.009) (.009) (.009)
Speaking Time .007 .000 -.008 -.006
(.017) (.017) (.015) (.015)
Sex -.032 -.046 -.044
(.030) (.029) (.029)
Age .005 .005 .004
(.008) (.008) (.008)
Race (1 = White) -011 -.021 -.018
(.040) (.033) (.033)
Academic Standing -.010 -.016 -.018
(.055) (.047) (.046)
Condition -.091** - 219%*
(.030) (.078)
Status*Condition 255%
(.130)

*p <.05; **¥p <.01; ***p < .001
Note: Numbers in parentheses are robust standard errors
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Table 5. GEE Predicting Vocal Accommodation from Subjective Status
Perceptions (N = 82)

Model 1 Model 2 Model 3 Model 4 Model 5
Constant  .593%%* 593 %%* L615%%* 67 3H** 672w

(.017) (.015) (.044) (.038) (.039)
Status Perceptions  .031%* 037%%* 038%** 032%* 031%*
(.011) (.011) (.011) (.011) (.015)
Vocal Pitch 033 %%* 029%** 0307%** 0307%**
(.008) (.008) (.008) (.008)
Speaking Time .004 -.004 -.010 -.010
(.017) (.017) (.014) (.014)
Sex -.038 -.050 -.049
(.028) (.028) (.028)
Age -.000 .001 .001
(.009) (.009) (.009)
Race (1 = White) -.028 -.033 -.033
(.040) (.033) (.033)
Academic Standing .024 -.014 .015
(.050) (.043) (.046)
Condition -077%* -077%*
(.028) (.027)
Interaction .002
(.021)

*p <.05; **¥p <.01; ***p < .001
Note: Numbers in parentheses are robust standard errors
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AAR

Fig 1. Simple Slopes Plot with Binary Interaction between Eelative Status
Position and Magnitude of Manipulated Status Differences
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