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Abstract. In recent years physiological indexes of emotion have made their comeback as indicators of
prejudice, but vocal measures have lagged behind. Based on a field experiment performed in the Paris metro,
the study examines intergroup anxiety as it manifests in the voice and in verbal behavior. Two
competing predictions are put to test, drawing on the “intergroup anxiety model” in combination
with recent unexpected research findings closely connected to the study’s subject-matter. According
to the first prediction, the headscarf should have a positive main effect on anxiety (indexed
primarily by vocal cues of arousal) and verbal avoidance (as the reverse of verbal intimacy).
According to the second prediction, a cross-over interaction between the headscarf and the sex of
the participant should lead to an increase in arousal and a decrease in intimacy among males, but to
the opposite response among females. The study confirms the prediction of a positive main effect of
the hijab on primary acoustic indexes of arousal and on avoidance as manifested in the pragmatics
of language, belying the rival prediction of a cross-over interaction. The results suggest that, in the
quest for ecological validity, the voice can be used in a field setting as a direct indicator of bodily

activation, unobstrusively and economically.
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After a relative withdrawal in the 1980s and 1990s (Guglielmi, 1999), in the first two decades of the
21st century physiological indexes of emotion have made their comeback as indicators of prejudice.
In part, this renewed interest reflects the development of new psychophysiological variables (e.g.
neuroimaging, Amodio, 2014; Chekroud et al., 2014), or the novel application of existing ones to
the phenomenon of prejudice ( e.g. the startle eyeblink response, Amodio et al., 2003; Brown et al.,
2006; Mahaffey et al., 2005; March & Graham, 2015; Paulus et al., 2019; Phelps et al., 2000;
Vanman et al., 2013). But to a significant extent, it also represents the revival of old measures,
rejuvenated by a theoretical return of the pendulum to emotion (vs. cognition) as the key component
of prejudice, supplemented by gains both in methodological lucidity and technical sophistication.
This resurgence, however, has not concerned all pre-existing psychophysiological measures of
prejudice to the same extent. Of these, the center stage has been accorded to responses thought to be
controlled by the autonomous nervous system such as facial and electrodermal activity, heart rate,
or blood pressure (Amodio, 2009; Dambrun et al., 2003; Graves et al., 2005; Greenland et al., 2012;
Kiebel et al., 2017; Littleford et al., 2005).

One remarkable absent in the list of resurrected psychophysiological measures of prejudice
is the voice. This is particularly surprising when one considers that an impressive amount of
evidence has cumulated in the field of emotion indicating that well-defined vocalizations such as
laughs or cries and the acoustic characteristics of human speech vehicle information about
underlying emotional states (reviewed in Koolagudi & Rao, 2012; Russell et al., 2003). On the
plane of theory, this empirical development finds a parallel in the formulation of the “Motivation
Structural Rule Theory” (Morton, 1977) and the “Vocal Affect Expression Model” (Scherer, 1986)
as plausible conceptualizations of vocal affect signaling. Additionally, compared to placing sensors
on participants’ head or trunk, or asking them to provide samples of saliva, the apparatus needed to
record vocal signals stands out as remarkably unobtrusive, minimizing the potential awkwardness
of the data collection procedure.

One possible reason why vocalizations and speech acoustics, as relatively unobtrusive
indicators of emotion, have not spilled over from the field of emotion to that of prejudice is that
beyond general arousal these cues do not systematically differentiate between positively and
negatively valenced affective states (Russell et al., 2003). One way to infer the valence associated
with vocally expressed arousal is to supplement measures of emotional vocalizations and voice
acoustics with verbal indexes of positive or negative evaluation. This is the strategy that we adopt in
the present paper, by treating linguistic and conversational behaviors indicative of intimacy as
indexes of positive valence. Intimacy makes reference to the degree of interest in, or openness
toward, or liking of, the interaction partner that an actor’s behavior communicates (Patterson,

1982). For simplicity, we reduce interest, openness and liking to dimensions of the underlying



variable of positive evaluation, so that intimacy boils down to the degree of positivity towards the
interaction partner that an actor’s behavior functions to signal (a definition that comes close to the
one given to the cognate idea of “immediacy”, Mehrabian, 1972; the reduction of various
dimensions of evaluation to the sole positivity-negativity continuum follows the lead of
Expectancy Violantions Theory, Burgoon, 1978). Simply put, behaviors characterized as intimate
signal or express a positive evaluation of and to the interaction partner. It must be kept in mind,
however, that even though they function to communicate a valence appraisal situated somewhere in
the positivity-negativy continuum, intimacy signals are not the evaluation itself. Human beings are
capable of steering their outer expressive behaviors, and so they may deliberately put in the public
domain an evaluation that does not have a correlate in their inner feelings. So in using intimacy
cues to approximate judgments of valence we do not simply assume a priori that the former
necessarily reflect the latter in a one-to-one fashion, as will be further elaborated below.

In this sense, a more compelling reason why prejudice research has not resuscitated the
voice as an indicator of stress, arousal, or emotion, lies in the uncertainties that surround the degree
to which the acoustic features of vocalizations are subject to voluntary control. Measuring prejudice
on the basis of psychophysiological indexes is notoriously costly. The main motivation to accept
that cost is the hope that by circumventing or supplementing other indicators of prejudice that are
under voluntary control (chiefly: self-reports), the researcher can gain access to attitudes that
respondents would be otherwise unwilling or unable to express (Guglielmi, 1999). The extent to
which the voice is able to fulfill this goal is unknown, and to the best of our knowledge the question
has not been directly addressed in the available literature.

Still, one may wonder why we ask this from the voice in the first place. The overwhelming
majority of the above cited studies focus on a particular group as the target of prejudice: Blacks in
the United States. Following the Civil Rights movement in 1960s, the law protects African
Americans from various forms of discrimination. Similarly, ordinary morality condemns the overt
expression of anti-Black prejudice in the United States. In this particular context, social desirability
biases pose a serious problem to the validity of self-reported measures of prejudice against African
Americans. It is this particular context that has created the motivation to use indirect measures,
including psychophysiological ones, as a “bona fide pipeline” (Fazio et al., 1995) to prejudice.

Rather than assuming that the voice directly reveals a prejudiced attitude that people would
otherwise hide, in this study we start from the fact of prejudice and investigate the changes that it
induces in vocal behavior, broadly understood to cover the acoustic, lexical, pragmatic, and
conversational dimensions of speech, as well as emotional vocalizations. This shift in perspective is
justified by the specific group under investigation, namely women who wear the Islamic headscarf

or hijab in France. The practice of hijab-wearing is widely disapproved in France, the European



country were opposition to the headscarf is additionally strongest (CNCDH, 2019; Helbling, 2014;
Pew Research Center, 2005). Since people do not distinguish well between disapproving a Muslim
practice and disapproving the Muslim person who enacts that practice (van der Noll et al., 2018), it
follows that French residents generally disapprove, or hold negative views of, hijab-wearing
women. The aim of this study is to examine the vocal changes in arousal and intimacy that occur in
real-life interactions with a woman who wears the Islamic headscarf or hijab, compared to a control
condition in which the same woman appears with uncovered hair. We do not take for granted that
these vocal changes directly give expression to the underlying negative view of the Islamic
headscarf that is known to prevail in the population. Rather, for reasons that will be elaborated in
the next section, we subject this assumption to empirical scrutiny, allowing for the possibility of an
intelligible mismatch between inner evaluation and outer behavior.

One lingering concern in the psychophysiological study of prejudice is the artificiality of the
stimuli and therefore the ecological validity of the results (Guglielmi, 1999; Mendes et al., 2002). In
applications of the startle modification paradigm to prejudice research, for example, the typical
study uses photographs of Blacks and Whites as the stimulus. A more realistic setting is to provoke
intergroup dyadic interactions in the laboratory (e.g. Amodio, 2009; Greenland et al., Littleford et
al., 2005). While moving from photographs (or vignettes, Vanman et al., 2013) to live interactions
is undoubtedly a progress in ecological validity, it remains that the encounter takes place in a
laboratory and, perhaps more importantly, that the demographic profile of participants tends to limit
itself to university students. The same is true of bioacoustics studies which are typically based on
intense stress-provoking experiments (Laukka et al., 2008), on known strong correlations between
voice quality and self-scored anxiety (Almeida et al., 2014), or on the identification of emotions
purposefully enacted by actors (Banse & Scherer, 1996; Juslin & Laukka, 2001). Using live
interactions with a hijab-wearing confederate as the stimulus, here we make a further step towards
ecological validity both by provoking the interactions in the “natural” context of a public place, and

by sampling participants randomly from the wider population.

Predictions

We derive our predictions from the “intergroup anxiety model,” (Stephan & Stephan, 1985) which
posits that contact with individuals perceived to be members of other groups (or “outgroups”) elicits
anticipations of negative consequences that provoke anxiety. These undesired consequences may be
of various types, such as embarrassment or discomfort due to the awkwardness of the interaction,
fear of being exploited, harmed or ridiculed by outgroup members, or apprehension that members
of one’s own group will disapprove the contact with the other group. The model identifies a set of

antecedents and consequents of intergroup anxiety thus depicted. The antecedents include prior



contact with, and cognitions about, the other group, as well as those features of the situation that
provide the immediate context for the intergroup encounter. The consequents cover behavior,
cognition and evaluation.

In the present application of the model, we manipulate the antecedent that is concerned with
prior knowledge of the other group. As said, the Islamic headscarf is met with disapproval in
France; it also represents a highly salient and easily recognizable religious sign. Thus, by putting
participants to interact with a confederate who wears the garb in the treatment condition but not in
the control condition, we expect to observe a positive main effect of the hijab on anxiety, which we
operationalize as physiological arousal or activation as it manifests in vocal changes. In line with
this prediction, though measuring not vocal changes but blood pressure, salivary cortisol
concentration, skin conductance and zygomaticus activity, previous studies incorporating
physiological indexes of intergroup anxiety show on the whole that interacting with an outgroup
increases anxiety and decreases positive affect (Amodio, 2009; Greenland et al., 2012; Littleford et
al., 2005).

The model further acknowledges two types of analytically distinct consequents, namely
avoidance and amplification. It sees avoidance as the most common response to anxiety, on the
assumption that the normal function of avoidance is to reduce anxiety. In the present study,
avoidance and its antonym, approach, are treated as the meanings of the opposite poles of the
intimacy construct, understood as a universal dimension of relational communication in the context
of face-to-face encounters (Burgoon & Hale, 1984). In the present study, cues of intimate behavior
(or its opposite) are operationalized as tokens of verbal behavior. If the intergroup anxiety elicited
by the hijab motivates avoidance, and avoidance manifests itself in negative intimacy, we predict
that the level of verbally expressed intimacy will decrease when the confederate wears the
headscarf. Accordingly, a recent field experiment (Aranguren, Madrisotti, & Durmaz-Martins,
2021) documented a negative main effect of outgroup status on intimacy behaviors (e.g. an increase
in the probability of showing a disdainful nonverbal gesture).

Aside from avoidance, drawing on drive theory (Hull, 1951), the model posits that the
generic effect of the anxiety provoked by intergroup contact is to amplify the individual’s habitual
response. As anxiety is assumed to rise the level of drive, anxiety is conconmitantly expected to
lead to the amplification or exaggeration of the individual’s response to the intergroup encounter,
which may or may not be primarly governed by social norms informed by a history of mutual
relations. The less social norms organize these encounters, either because they are not available or
because participants voluntarily choose not to follow them, the more the consequent of anxiety will
depend on individual differences in traits and values. In this regard, some studies suggest an

intringuing sex difference when the intergroup encounter is weakly constrained by such norms:



whereas men’s response is to decrease the level of intimacy or friendliness that they communicate
through their behavior, women'’s is to increase it (Aranguren, Madrisotti, Durmaz-Martins, et al.,
2021; Littleford et al., 2005). Although it examined not arousal and verbal intimacy but helping
behavior and nonverbal intimacy, the more recent of the cited studies partly shares its design and
raw audiovisual materials with the present one. They are reported separately because they differ in
scope, deal with distinct outcomes that were analyzed independently at different points in time and,
perhaps crucially, rely on substantially different measurement techniques that require specialized
expertise. These differences notwithstanding, we may expect the observed sex contrast to remain as
the analysis moves from helping and nonverbal intimacy, namely the outcomes examined in the
previous study, to arousal and verbal intimacy, that is the outcomes presently in focus.

In this regard, as said, we do not start with any strong a priori claims about the voluntary vs.
involontary nature of vocal and verbal cues of arousal. If these are assumed to be involuntary, they
are better treated as direct indexes of anxiety. But if they are regarded to be under voluntary control,
it may be advisable to give them the status of a consequent of anxiety, and so to handle them in the
same fashion as intimacy indexes on the amplification hypothesis.

Summing up the discussion, if the voice directly indexes anxiety and the consequent of
anxiety 1s avoidance (the opposite of intimacy), we expect a main effect of the headscarf consisting
in an increase in arousal and a decrease in intimacy. If the consequent of anxiety is defined as
amplification or exaggeration of habit, and the vocal response is regarded as a consequent under
such definition, we expect a cross-over interaction effect of the headscarf and the sex of the
participant, or at least simple effects that should hold within one sex group but not the other. On
these assumptions, the headscarf should have a simple effect among women consisting in a decrease
in arousal and an increase in intimacy, and the simple effect among men should be of opposite sign.

Put in schematic form, these are the predictions that we set out to test in relation to the vocal

and verbal response to the headscarf. In interaction with a hijab-wearing woman,

Main effect. overall participants will show P1a) more arousal and P1b) less intimacy;

Simple effect among women: regardless of male participants, female participants will show P2a) less
arousal and P2b) more intimacy;

Simple effect among men: regardless of female participants, male participants will show P3a) more
arousal and P3Db) less intimacy;

Cross-over interaction: P4a) arousal will decrease among females but increase among males, and

P4b) intimacy will increase among females but decrease among males.

Method



Design

The experiment follows a between-subjects randomized design with roughly balanced proportions
of male and female participants in each of the two experimental conditions and across the six metro
stations in which interactions were observed. The goal was to collect at least ten samples
representing each combination of sex, experimental condition, and station, that is a total of 240

experimental assays.

Stations selection

Stations were selected at random using a set of filters. The first filter consisted in eliminating all the
stations in the upper and lower quartiles by number of passengers, which was a convenient way of
taking into account the fact that packed and deserted stations would not offer a suitable environment
for the experiment. With the stations in the mid quartiles a random list was then created. The second
filter involved visiting the stations in the order stipulated by the random list and ascertaining that
the platform was assigned to a single direction (not two) and physically arranged in such a way that
there was a single entrance (not many) placed on one of the two longitudinal extremes (not in the

middle) of the platform.

Sampling

After a pilot study in March 2018, Martin Aranguren and Francesco Madrisotti performed the
experiment between May and June of the same year. The CNRS correspondent of the French
commission for the protection of privacy and confidentiality CNIL approved the study and the
transportation authority RATP gave us formal clearance to conduct the experiment in the metro.
The experimenters made five data collection visits within each of the six selected stations. All
visits, scheduled at different weekdays within the same station, had a duration of two hours. Of
these, the first hour was assigned to one experimental condition and the second hour to the other
condition, balancing for the entire experiment the number of times that each condition was placed
first or second in chronological order. During the hour devoted to each condition, in order to recruit
an equal number of randomly selected male and female passengers, a method for approximating
random selection and another one for stratifying the sampling of men and women was employed.
Random selection was approximated with a method of systematic selection: during the time period
comprised between the departure of the last train and the arrival of the following one, the
confederate approached the first passenger who arrived at the platform. The stratification technique
consisted in starting with the method of systematic selection regardless of the sex of the passenger,

recruiting one passenger (for example, a man), and then reapplying the method of systematic



selection but only to passengers of the opposite sex (women). The third passenger was again
selected regardless of sex, the fourth by stratifying by sex, and so on. This means that, in stratifying
our sample, the experimenters relied on their own commonsensical understandings of sexual
dimorphism to identify passengers as men or women, and not on passengers’ self-reported sexual
identity. Data collection visits took place on regular weekdays between 12pm and 2pm. In Paris,
this 1s the only period of the working day in which waiting times are in the range of 3-5 minutes
(instead of 1-2), maximizing the chances that the confederate will get to complete the script before

the incoming train arrives.

Procedure

On a platform of the local metro, a non-immigrant confederate actress approaches the selected
passenger asking for help, on the basis of a standardized script. In one experimental condition, she
appears with a hijab; in the other, with uncovered hair. The rest of the clothing is identical, as is the
script she follows while interacting with the passengers. Being aware of the fact that she is either
using the headscarf or not, the confederate is not blind to the experimental condition. To register the
conversation with the passenger, the confederate carries a discreetly mounted portable microphone
(VT506 Voice Technologies) and an audio recorder (DR-22WL linear PCM recorder of Tascam).
Before approaching, she waits until the selected passenger stops walking and stays standing
somewhere on the platform. The passenger stands typically in a position that is perpendicular, on
the frontal or coronal plane, to the rails. The confederate, carrying a portable metro map,
approaches walking parallel to the rails and stops when the tip of her shoe is at a rough 10 cm
distance from the passenger’s. The result is a side-by-side arrangement in which confederate and
participant form an approximate right angle on the frontal plane. The script divides the interaction
in two stages involving different verbal contents and body postures. The first stage consists in
locating items on a portable map with confederate and passenger side-by-side. In the second stage,
the confederate shifts to a close face-to-face position, asking the passenger to estimate the duration
of the trip ahead of her. After the passenger’s reply, the confederate laments being late for an
important appointment, emphasizes that she needs to contact the person she has to meet, but regrets
that her cell phone has run out of battery. After the passenger’s reply to this indirect request, a
researcher intervenes to unmask the plot and inform the passenger that the interaction has been
recorded, requesting consent to process the collected image and audio files. The passenger is then

invited to answer to a short questionnaire on sociodemographics.

Measurements and outcome variables
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The demographic variables that were measured with the questionnaire are age, educational
achievement, income, and religion.

The outcomes reported in the present article rely exclusively on the audio recordings
collected in the experiment. The outcomes describing helping and involvement behaviors, measured
from the video files in 2018, have been reported elsewhere (Aranguren, Madrisotti, Durmaz-
Martins, et al., 2021). The sound files were produced in WAV 16-bit format at a sampling rate of
44.1 kHz per second. Since the hijab represents mainly a visual stimulus, the fact of using only
audio files to take the measurements guarantees complete blindness to the experimental condition,
as neither the content of the conversations nor the name of the sound files provide any clues to it.

Manon Toutain and Alban Lemasson performed the measurements in Spring 2019. The
observation period of acoustic measurements are single words that were found to be recurrent in the
audio files pertaining to passengers from different groups by condition and sex. Using the program
PRAAT (Boersma, 2001), acoustic measurements were performed on a corpus of the following
frequently occurring (and emotionally neutral) words: “la”, “ligne”, “minute”, “oui”, and “voila”.
The common observation period for all the non-acoustic outcomes is the entire dialog, from the
confederate’s opening to the last sentence interpretable as the closure of the exchange. Acoustic
measurements were only performed on audio signals in which low background noise permitted
measurements of satisfactory quality. Except for speaking time, which was directly measured, all
the other non-acoustic outcomes result from ratings. One fourth of the sample was recorded by a
second, independent coder, resulting in satisfactory reliability coefficients for all ratings (ordinal

and nominal Cohen’s kappas above 0.7).

Indexes of arousal

1) Speech acoustics. We operationalize vocally signaled arousal as “tense voice” (Frick, 1985;
Juslin & Laukka, 2001; K. R. Scherer, 2003; Sulter & Wit, 1996). The source—filter theory states
that vocal signals result from a two-stage production, with the glottal wave generated in the larynx
(the source), being subsequently filtered in the supralaryngeal vocal tract (the filter,(Briefer, 2012;
Taylor & Reby, 2010) Tense voice is characterized, among others, by shorter vocalizations, by
increased fundamental frequency and amplitude and their respective perturbations (“source”), as
well as by a rise in the frequency of all formants (“filter”).

Aside from “source” vs. “filter” effects, we further subdivide the analysis into primary outcomes
that have a firm basis in the literature as indexes of arousal, activation or stress (Bachorowski &
Owren, 1995; Banse & Scherer, 1996; Forsell et al., 2007; Frick, 1985; Giddens et al., 2013; Juslin
& Laukka, 2001; Laukka et al., 2008; Ozseven et al., 2018; K. Scherer, 1986; K. R. Scherer, 2003),

and exploratory outcomes that do not. The resulting categories are as follows: 1a) source, primary:
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fundamental frequency (Fy) in Hz (mean, maximum and minimum), amplitude in dB (mean,
maximum and minimum); 1b) filter, primary: formants in Hz (first, second and third) ; 1c) source,
exploratory: Fy coefficient of variation, amplitude coefficient of variation; Wiener entropy (a
measure of tonality/randomness going from 0 to minus infinity with 0 being a White noise), Fy
disturbance or “jitter” in %, Fo amplitude disturbance or “shimmer” in %; 1d) filter, exploratory:
Highest-pitched frequency in Hz, Temporal position of the maximum amplitude in % of the total
duration. As a further exploratory index of arousal that falls neither within the source nor the filter
family of outcomes, we also considered the duration of the signal.

2) Emotional vocalizations. In this category we consider laughter and conventionalized

onomatopoeia indicative of surprise (e.g. “ah!”, “oh!”) or disfluency (“euh” in French(Cook, 1969).

Indexes of intimacy

1) Lexical intimacy. The category covers polite words (e.g. “Hello”, “Goodbye”, “You’re
welcome”) and apology words (e.g. “I’'m sorry”, “Excuse me”, “I beg your pardon™).

2) Pragmatic intimacy. Included here are utterances that contextually function to encourage or
discourage the continuation of the exchange (ter Maat et al., 2010). We call these “dialog openings”
and “dialog closures”, respectively. Examples of openings are: “Do you want me to call for you?”,
“Do you want to text someone?”, “The batteries of my cell are dead either but a friend of mine is
coming and you can use her phone”, “We can go together in the train”. Here are some examples of
closures: “Ask someone else”, “I have to go”, “My phone doesn’t work”, “I can’t help you”, “It’s
too complicated”.

3) Conversational intimacy. As conversational outcomes, we consider speaking time (aggregate

length of turns at talk) and the attempt to interrupt the interlocutor, assuming that more time spent

speaking and less interruptions reflect higher intimacy (Goldberg, 1990).

Statistical analyses

The data were analyzed with hierarchical, multilevel models of the “varying intercepts, varying
slopes” type (Gelman & Hill, 2007) estimated with Bayesian inference. This type of model offers
an elegant solution to the problem of multiple comparisons posed by the need to assess treatment
effects across numerous indexes of arousal and intimacy, given that with each additional test comes
an increase in the risk of falsely rejecting the null hypothesis of no treatment effect (Gelman et al.,
2012).

The classical solution to make inferences more conservative in this setting consists in

keeping the point estimates stationary (e.g. the mean treatment effect for a given outcome) while
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making the confidence intervals wider, or equivalently decreasing the critical p value to keep a 5%
false alarm rate, as in the well-known Bonferroni correction. Note that in adjustments such as the
Bonferroni correction each treatment effect is regarded in isolation from all the others, as though
nothing could be learnt about the effect of the hijab on one outcome by considering the effect of
hijab on the others.

One alternative well-attuned to the logic of Bayesian inference is to incorporate hierarchy,
that is to treat the multiple comparisons (e.g. the treatment effect on outcome 1, on outcome 2, ...
on outcome #) not as totally unconnected but as draws from a common distribution governed by a
(yet to be estimated) common mean and variance. In the present application, such assumption
makes full sense because every treatment effect has in common with all the others the fact of being
the effect of the same treatment, namely the hijab, and of manifesting itself approximately in the
same time frame (that is, many outcomes co-occur more or less simultaneously). The consequence
of subsuming a collection of parameters (here: approximately simultaneous by-outcome effects of
the headscarf) under a common distribution (a procedure termed “partial pooling” because every
parameter is modeled yet not independently from the others) is to shift estimates and intervals
toward each other by virtue of their common dependence on the parameters of the overarching
distribution (these higher-order parameters are known as “hyperparameters”). Hierarchy and partial
pooling lead to more conservative estimates because any idiosyncratic estimates (e.g. a large effect
of the hijab when all the others are of the same sign but smaller, or a nonzero effect when all the
others are nil) will get “shrunk™ towards the common higher-order mean, and more or less so
depending on how reliable this individual estimate turns out to be (which is regulated chiefly by
sample size). In this manner, partial pooling tends to reduce the number of nonzero treatment
effects.

At the same time, in contrast with Null Hypothesis Significance Testing in a traditional frequentist
paradigm, Bayesian inference is entirely unaffected by the intentions of the experimenter
(Kruschke, 2015). Specifically, a parameter’s ability to correctly estimate a treatment effect (e.g.
the hijab’s) on a given outcome (e.g. vocal fundamental frequency) is completely independent from
the experimenter’s intention to limit the analysis to that outcome or to go on to estimate treatment
effects on other outcomes (e.g vocal amplitude). The output of a model estimated with Bayesian
inference, consisting in a set of so-called “posterior distributions”, is one and the same whether the
analyst considers a single comparison, a set of individual comparisons, or averages over subgroups
(or the entirety) of those individual comparisons.

We performed three separate hierarchical models: a linear regression on intimacy outcomes (model
1), another linear regression on acoustic outcomes (model 2), and a Poisson regression on outcomes

that concern vocalizations indicative of arousal (model 3). As our goal was to assess not only main
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effects, but also simple effects within sex groups and also interactions between these, in order to
keep the estimates of the treatment effect conservative and reduce the false alarm rate, in models 1
and 3 hierarchy (and therefore “shrinkage’) was set to operate within sex groups. This means that
the estimates for males are unaffected by the estimates for females, although within each sex group
the estimate for every outcome is affected by the estimates for all the others. Still, all estimates,
whether they are brought under a common distribution or not, are jointly credible — hence the
advantage of estimating them together within the same model. Thus, all main, simple and
interaction effects of interest can be derived as averages of those by-outcome estimates within sex
groups. The slightly more complex model 2 incorporates an additional distinction, namely that
between primary and exploratory outcomes. In these models hierarchy was set to operate within sex
groups and within type of outcome (primary vs. exploratory), in such a manner that the estimates for
primary outcomes within a sex group (e.g. fundamental frequency, amplitude and formants for
males) are affected by one another, but not by the estimates of exploratory outcomes within the
same sex group, and vice-versa. Mutatis mutandis, the same considerations as with the simpler
models 1 and 3 apply to the calculation of main, simple and interaction effects.

The models to be presented can be described as multi-level, and more precisely as two-level. At one
level, the model produces estimates for the data (e.g. the average hijab effect among males for
outcome 1). At a higher-order level, the model produces estimates for the estimates that describe the
data (e.g. the average hijab effect among males across all outcomes). The raw data and the R scripts
for recoding and rearranging the data, computing the models, summarizing the output in tables and

plotting the results are available as Supplementary Materials.

Linear regression on intimacy outcomes : model 1

The intimacy indexes were handled within a single linear probability model by first dichotomizing
the outcomes. These outcomes had been originally measured as counts (i.e. positive integers from 0
to infinity), but as the regression’s goal was to model all intimacy indexes together, the chosen
likelihood function could not be the Poisson. More polite words or pragmatic openings, for
example, indicate greater intimacy; but more attempted interruptions or pragmatic closures, in
contrast, evidence the opposite. It is straightforward to reverse-code indexes of negative intimacy if
they are first dichotomized as present vs. absent. The absence of a conversational closure (reverse-
coded as 1), for example, indicates more intimacy than its presence (reverse-coded as 0). In
contrast, reverse-coding counts (for example, by subtracting every individual count from the
maximum count) violates the assumptions of the Poisson model by imposing an arbitrary upper

bound (the reverse of the original 0). For ease of calculation, a linear regression (instead of a
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nonlinear logit or probit one) was used to model the dichotomous intimacy values, considering that
when the goal is to test a causal effect (in this case, the difference between the hijab and the control)
linear regression on a binary outcome always provides unbiased effect estimates that cannot
possibly be out of bounds (Gomila, 2020).

In this model, the units of analysis, i, are unique participant-outcome combinations, where the
outcome indexes the presence or absence of an intimacy-relevant event in the course of the
interaction (presence of polite words, of apology words and of pragmatic openings; absence of
pragmatic closures and of attempts to interrupt the confederate). If y; is the i™ dichotomous
outcome value, the model states that y; ~ normal(§;, 6°), for i = 1..., n=1205, where §; = X;p™*"".
The inputs are the dichotomous outcome y (coded 0 or 1), the participant j (237 levels), the
outcome £ (five levels: polite word-yes, apology-yes, opening-yes, closure-no and interruption-
no); the participant’s age group / (two levels), the participant’s educational level m (two levels),
the station where the interaction took place ¢ (six levels), whether the participant is a Muslim
(1=yes, 0=no), whether the participant is in the hijab condition (1=yes, 0=no), and whether the

participant is a male (1=yes, 0=no). Thus (as index controls and Bs treatment effects),

1) XiBmOde“ - Qo + Q;participantj;; + Q0utcomeyiy + AzageGroupyg; +
aseduGroupy i + Asstationgp; + dgmuslim » muslimg;; +
Bhijab.maley;; + hijaby; » maley;) +
B:hijab.femaley;; « hijaby;; « (1 — malep),

fori=1..., n.

The predictors concerned with the treatment effects within sex groups, 1hijab.male and
Bohijab.female, are allowed to vary by outcome k, and the resulting by-outcome estimates are given
a common distribution with mean and variance to be estimated from the data. More formally,
Bihijab.maley ~ normal(p;.hat, 6312) for 1..., k=5 and similarly B,hijab.femaley ~ normal(f3;.hat, 0522)
for 1..., k=5. The hyperparameters B3;.hat, 0512, B2.hat and 0522 that describe the common
distribution of the by-outcome treatment effects within sex groups are all given noninformative
prior distributions (to let the data determine their magnitudes).

The main effect of the hijab is simply the average of ;hijab.maley and B,hijab.femaley. Simple
effects within sex groups are estimated directly by each of these parameters. Simple effects for
lexical vs. pragmatic outcomes, within or across sex groups, are similarly the average of the

corresponding subgroups of B hijab.maley and/or B;hijab.femaley parameters.

Linear regression on acoustic outcomes indicative of arousal : model 2
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The outcomes concerned with arousal, in turn, had to be separated in two groups, a partition that in
practice overlaps the contrast between acoustic and nonacoustic indexes. In principle both types of
index could have been analyzed together, but an important difference in the level of measurement
advised against this possibility, as acoustic indexes were all continuous but nonacoustic ones
discrete counts — with mode equal to zero in two out of three outcomes. Thus the acoustic,
continous measurements were analyzed with a linear regression (i.e. a model that assumes that the
measurements follow a normal distribution with mean equal to the vector of predictors) whereas the
nonacoustic discrete counts were modeled with a Poisson regression (i.e. a model that assumes that
the counts follow a Poisson distribution with mean equal to the exponential of the vector of
predictors).

The outcomes that were fed into the linear regression on the acoustic outcomes were first put on a
common scale by standardizing them as z-scores. Since males and females differ markedly in
average fundamental frequency and vocal amplitude, the z-scores were computed separately for
each sex group. The raw measurements did approximate normality for all primary outcomes but not
so for all exploratory outcomes, with strong positive skews characterizing the distributions of the
frequency coefficient of variation, the duration of vocalization, the dominant frequency, jitter and
shimmer. Hence, these acoustic exploratory outcomes were log-transformed before being
standardized.

In the linear regression on the acoustic indexes of arousal the units of analysis, i, are unique
participant-word-outcome combinations (e.g. participant #35, word “la”, outcome fundamental
frequency; participant #64, word “ligne”, outcome shimmer). If y;jis the i™ z-score, the model
states that y; ~ normal(¥;, 6°), for i = 1..., n=6341, where ¥;= X;p™*". The inputs are the z-score
y, the participant j (186 levels), the word £ (five levels: 13, ligne, minute, oui, voild), the name of
the outcome / (eleven levels: amplitude, duration, fundamental frequency, fundamental frequency
coefficient of variation, highest-pitched frequency, intensity coefficient of variation, jitter,
temporal position of the maximum amplitude, shimmer, Wiener entropy); the participant’s age
group m (two levels), the participant’s educational level g (two levels), the station where the
interaction took place r (six levels), whether the participant is a Muslim (1=yes, 0=no), whether
the participant is in the hijab condition (1=yes, 0=no), whether the participant is a male (1=yes,
0=no) whether the outcome is primary (1=yes, 0=no), the word-outcome combination when the
outcome is primary s (fifteen levels), and the word-outcome combination when the outcome is

nonprimary or exploratory ¢ (forty levels). Thus,

del2 . . .
(2) XiB™%" _ag .+ a,participant;g;; - Quwordyg + Qz0utcomey) - AzageGroupyy; + dseduGroup,) + Asstation,g) -

agmuslim = muslimg; ¢
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B hijab.male.primaryy;;  hijaby;) » maley; « primaryyi; +
B,hijab.male.exploratoryy;) « hijaby; « maleyj; « (1 - primaryy) +
Bshijab.female.primaryy;; « hijabyi) « (1 - maley)) « primaryp; +
Bshijab.female.exploratoryy; « hijabp; « (1 - maleg;) « (1 - primaryy),

[i] [i] [i] [i]

fori=1..., n.

Bs and hyperparameters as well as main, simple and interaction effects are handled in the same
manner as in the previous model. Simple effects regard not only sex groups and
primary/exploratory outcomes, but also the distinction between vocal outcomes concerned with

“source” vs. “filter” effects.

Poisson regression on verbal indexes of arousal : model 3

In this model the units of analysis, i, are unique participant-outcome combinations, where the
outcome measures the number of times that the participant showed a type of vocalization
indicative of arousal (laughter, “ah/oh”, “euh”). If y;iis the i™ count, the model states that yi ~
Poisson(A)), for i = 1..., n=1205, where A;= exp(Xip™*""). The inputs, vector of predictors,

hyperparameter specification and output calculation are the same as in model 1.

Model checks. To approximate the posterior distribution of the parameters of interest we used
Markov chain Monte Carlo (MCMC) sampling as implemented by the software Jags (Plummer,
2003) via the programming language R (R Core Team, 2017). We checked that the samples were
representative of the posterior distribution through visual examination of trace plots and density
plots, on the one hand, and consideration of the Gelman-Rubin statistic of convergence, on the
other. None of these checks gave any signs of unrepresentativeness. On the other hand, we
checked that the generated samples were large enough (and therefore accurate and stable) by
considering a measure called the “effective sample size”. The estimates of all the parameters
reported below rest on effective sample sizes of over 10,000 (these samples concern the posterior

distributions of estimated parameter values, not the data).

Note on reporting style. It is inherent to Bayesian inference to describe the output from each
model, namely parameter values, as intervals (more precisely, as posterior probability
distributions) instead of point estimates. The type of interval considered here is known as the
“central posterior interval” (Gelman et al., 2013), and provides the equivalent of a two-tailed test.
Unless otherwise indicated, the default alpha level of all the reported central posterior intervals is

the standard 5%. Sample sizes are not provided in separate tables but incorporated to the Figures
p p p rp g



17

that present the parameter estimations in graphical form, facilitating access to the sample size

behind every single reported parameter.

Results

Main effects

P1a) Overall participants will show more arousal

Model 2 (linear regression on continuous acoustic indexes of arousal). As indexed by primary
acoustic indexes, averaging over males and females the hijab increases arousal by [3%, 34%] of one
standard deviation, and the most likely gap equals 19% (Fig 1, parameter “primary”’). Exploratory
outcomes, in contrast, do not confirm this overall increase (Fig 1, “exploratory”; in fact, there is an
interaction effect between these outcomes, such that the effect of the hijab on primary outcomes is
credibly larger than the corresponding effect on exploratory outcomes). As a result, the estimate
that averages over all acoustic outcomes, although most of its probability distribution is positive,
does not yield a credible effect of the hijab at alpha=0.05 (Fig 1, “overall”).

When outcomes are separated according not only to their status (primary vs. exploratory) but also to
their familiy (source vs. filter), further relevant contrasts arise. The overall effect of the hijab on
acoustic arousal is particularly pronounced when the outcome is primary and source-wise, and
consists in an increase of [12%, 32%] of one sd, with 22% being the most likely value (Fig 1,
“primary & source”). That effect remains credible, although of a smaller size, when it comes to
primary outcomes that concern not source but filter characteristics (Fig 1, “primary & filter”). In
contrast, when attention is drawn to the parameters concerned with the effect of the hijab on
exploratory outcomes, the estimates are credible for neither source nor filter indexes of arousal (Fig
1, “secondary & source” and ““secondary & filter”).

Model 3 (Poisson regression on counts of arousal-related verbal behaviors). Verbal indexes of
arousal, in turn, do not indicate any overall differences between experimental conditions (the

corresponding parameter estimates are available as a Supplemental Material).

P1b) Overall participants will show less intimacy

Model 1 (linear regression on dichotomous intimacy outcomes). The hijab credibly decreases by |[-
19%, -5%] the probability of showing a pragmatic sign of intimacy (Fig 2, “pragmatic”). However,
this effect is indistinguishable from zero when lexical indexes of intimacy are considered instead
(Fig 2, “lexical”), which explains why the grand mean of all intimacy indexes (i.e. the average of
pragmatic and lexical outcomes) does not yield a credible difference between conditions (Fig 2,

“overall”).
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Simple effects among women

P2a) Regardless of male participants, female participants will show less arousal

Model 2. This prediction is not supported, and the opposite seems to be the case when primary
indexes of arousal pertaining to the source family are take into account. For this particular subgroup
of acoustic indexes, female participants’ response to the hijab is an increase in arousal in the order
of [2%, 24%] (Fig 1, “females, primary & source™).

Model 3. The prediction is not supported.

P2b) Regardless of male participants, female participants will show more intimacy

Model 2. Again, this expectation finds no support in the data whereas the opposite receives partial
confirmation. Thus for female participants, the negative effect of the hijab appears to be particularly
powerful when pragmatic signs of intimacy are considered, as the garb sinks by [-27%, -10%] the

probability of showing them in the course of the interaction (Fig 2, “females, pragmatic™).

Simple effects among men

P3a) Regardless of female participants, male participants will show more arousal

Model 2. This prediction is supported overall (Fig 1, “males, overall”) and for most subgroups of
acoustic arousal indexes, including exploratory outcomes from the filter family (Fig 1, “males,
exploratory & filter”). Averaging over primary and exploratory outcomes, source as well as filter
indexes yield credible effects of the hijab among males (Fig 1, “males, source” and “males, filter”).
When consideration is restricted to primary outcomes that describe source characteristics (and that
is: fundamental frequency, amplitude and formants), the hijab appears to provoke a remarkably
potent effect among male participants, estimated to represent [18%, 44%] of one sd with 31% as the
most likely value.

Model 3. In contrast, the prediction is not supported when verbal counts of arousal indexes are

considered.

P3b) Regardless of female participants, male participants will show less intimacy

Model 1. The prediction is not supported by the data.

Cross-over interactions

P4a) Arousal will decrease among females but increase among males.
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Model 2. The prediction of a cross-over interaction is not supported, but condition*sex interactions
do arise as credible effects from the model on acoustic indexes. The effect of the hijab on acoustic
arousal is larger for males than for females when the outcomes are of the source family and
primary, or of the filter family and exploratory (Fig 1, “interaction, primary & source” and
“Interaction, exploratory & filter”).

Model 3. The model on the counts of indexes of verbal arousal does not yield any credible

interactions.

P4b) Intimacy will increase among females but decrease among males.

Model 1. Again, the data does not support the predicted cross-over interaction but indicates a
credible difference in effect between the sexes. Thus the decrease in pragmatic intimacy
precipitated by the hijab is credibly [3%, 23%] larger for female than for male participants (Fig 2,

“Interaction, pragmatic”).

Discussion

Drawing on measures extracted from the recordings of live interactions between participants and a
confederate in a public place, the present investigation set out to examine the effect of the Islamic
headscarf on a range of vocal indexes of intimacy and arousal, allowing the effect of the garb to
vary according to the sex of the participant. Two sets of competing predictions were put to test. On
the one hand, assuming that indexes of arousal directly measure anxiety, and that the consequent of
anxiety is avoidance, it was predicted that the headscarf would increase arousal and decrease
intimacy (main effect hypothesis). On the other hand, positing that indexes of arousal represent
consequents of anxiety in the same capacity as intimacy cues, and that the consequent of anxiety is
an amplification of the habitual mode of response, in response to the hijab arousal was expected to
rise and intimacy to fall among men, and the opposite was expected of women (cross-over
interaction hypothesis).

Overall, the data supports the expectation of a main effect and belies the cross-over
interaction hypothesis. The most unequivocal evidence of a main effect concerns acoustic indexes
of arousal labeled as primary and describing “source” characteristics, that is fundamental frequency,
vocal amplitude and frequency of formants. When these outcomes are considered, the hijab turns
out to increase arousal by [3%, 34%] of one standard deviation, with the most likely value being
19%. The increase in arousal precipitated by the headscarf holds even when participants are

separated into sex groups, with independently estimated simple effects arising as credible among
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male as well as female participants. These within-sex simple effects of same sign, in turn, credibly
differ in size between them. The increase in arousal provoked by the hijab is notably strong for
men, among whom it represents [18%, 44%] of one standard deviation with the most likely value
located at 31%. For women, that increase is in the more modest range [2%, 24%]. Thus, when
primary source-wise indexes are under examination, the hijab does not only provoke an overall
increase in vocally expressed arousal, but it also interacts with sex to precipitate a credibly larger
effect among men than among women. This interaction cannot be explained away by the well-
known morphological sex differences that account for males’ lower fundamental frequency and
higher amplitude, because the data were rescaled into z-scores within sex groups before being fed
into the model.

Another important finding is a converse interaction effect showing that women, more than
men, respond to the hijab by decreasing the probability of showing a pragmatic behavior expressive
of positive intimacy (conversational openings), or equivalently of not showing a behavior
expressive of negative intimacy (conversational closures and attempted interruptions). Importantly
also, when males’ and females’ responses to the hijab on these outcomes are averaged over, a main
effect emerges as credible. That is, overall the hijab decreases the probability of showing a sign of
pragmatic intimacy, but more so among women than among men.

While limited to the mentioned subgroups of outcomes, the study confirms the main effect
hypothesis and does not yield support to the competing prediction that women, contrary to men,
should exhibit lower arousal and higher intimacy in the headscarf condition. What seems to arise
instead is a sex difference in the way in which the predicted response is manifested, with a larger
positive effect on vocally expressed arousal among men but a converse larger negative effect on
pragmatic intimacy among women.

Acoustic outcomes indicative of arousal, it may be recalled, were subdivided into “primary”
and “exploratory.” Despite the sex difference in intensity, the behavior of primary acoustic
outcomes (fundamental frequency, amplitude, frequency of formants) is all in all consistent.
Exploratory outcomes, in contrast, deviate more from the baseline acoustic effect, especially within
the group of female participants where they are more likely to take on negative (not positive)
values. Last, averaging over primary and secondary outcomes, in the main variables from the
“source” family behave similarly to those from the “filter”” family, both among women and men.

To sum up, the study confirms the prediction of a main effect of the hijab on (intergroup)
anxiety as indexed by primary acoustic outcomes and on avoidance as evidenced in the pragmatics

of language.

Conclusion
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We close this article with an optimistic message for researchers interested in intergroup anxiety,
stress or related phenomena who consider to venture into the field and/or to use unobtrusive
recordings of human voices to extract indexes of physiological activation. Based on the same raw
audiovisual materials as the present research, but relying on different and independently analyzed
outcomes, a separate study (Aranguren, Madrisotti, Durmaz-Martins, et al., 2021) had shown that
nonverbal cues of intimacy do not spontaneously express the negative views of the hijab that are
known to prevail in the population under examination, suggesting that these subtle behaviors may
be under greater voluntary control than usually thought. Made wary by this unexpected finding, we
did not start the present research with the assumption that vocal indexes of arousal directly measure
anxiety, allowing for the possibility that, as with nonverbal intimacy cues in the aforementioned
study, participants may deliberately manage those vocal indexes with a view to influencing the
other’s impression of themselves. If that were the case, vocal indexes of arousal would be
measuring a consequent of anxiety rather than the physiological correlate of anxiety itself (that is,
bodily activation).

By supporting the prediction of a main effect of the headscarf on anxiety and avoidance and
discarding the competing prediction of a cross-over interaction depending on participant sex, the
analyses reported above discredit the voluntary-control view and uphold the original assumption
that vocal indexes of arousal directly index physiological activation. If this observation could be
generalized, the voice would be offering an effective window into physiology that, at least in certain
circumstances, could help to make the measurement of bodily activation in psychological studies

less logistically taxing and more ecologically valid.
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