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Iconicity versus indexicality in language attitudes: The case of /x/
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Abstract

French sounds beautiful and romantic, German sounds harsh and aggressive—or so many peo-
ple think. But why? What are the cognitive mechanisms behind such language attitudes? Tra-
ditionally, attitudes have been explained by indexicality—evaluative meaning emerges because
linguistic features point to social groups. However, research on iconicity suggests that such
meaning can emerge due to properties of sounds themselves. Using newly constructed lan-
guage stimuli, this study investigated the role these two mechanisms play for the perception of
the voiceless velar fricative /x/. 501 listeners rated stimuli with and without /x/ on several se-
mantic scales. Results indicate that /x/ has little direct effect, but listeners with prior exposure
to /x/ rated it more negatively, which highlights the importance of sociocultural associations.
Overall, the findings indicate that language attitudes are strongly shaped by indexical factors

such as exposure and familiarity, and that iconicity is modulated by indexicality.

Keywords: language attitudes, iconicity, indexicality, sociolinguistics, phonaesthetics
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Indexicality versus iconicity: The case of /x/

1. Introduction

Speech sounds do not merely distinguish meaning, they have meaning. They carry social mean-
ing that makes listeners have attitudes towards the speech signal, and towards the person pro-
ducing it. These attitudes can manifest as ratings of perceived character traits like a speaker’s
friendliness, intelligence, or trustworthiness, as aesthetic judgments about beauty, shape, size,
texture, and as simple evaluations of general likeability or pleasantness (see, e.g., Coupland &
Bishop, 2007; Winter et al., 2022; Anikin et al., 2023). Consequently, one language (e.g., French)
may stereotypically be perceived as sounding more “pleasant” than another language (e.g., Ger-
man). Or, one particular variety of a language (e.g., Southern Irish English) may stereotypically
be perceived as more pleasant-sounding than another variety (e.g., Birmingham English). It has
long been known that holding attitudes towards language can have serious discriminatory con-
sequences (e.g., Purnell et al., 1999; Rickford & King, 2016; Fasoli & Maass, 2020; Lev-Ari &
Keysar, 2010). However, one of the big unsolved questions about language attitudes is of cog-
nitive nature: How do these attitudes emerge in the first place? It is possible to group potential
factors triggering language attitudes into two areas of research that both deal with how language
is being perceived and evaluated: indexicality research and iconicity research.

Indexicality research comprises approaches from social psychology and sociolinguistics
(e.g., Lambert et al., 1960; Preston, 2017). Common to these approaches is that they assume
language attitudes to be an indexical phenomenon. To the listener, linguistic features semioti-
cally index (Peirce, 1958; Silverstein, 2003), or, in other words, point to groups of speakers.
Listeners try to infer speakers’ perceived geographical regions and social groups, their race and

ethnicity, gender, sexual orientation, socioeconomic status, and character traits based on the
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linguistic features they use (see, e.g., Lambert et al., 1960; Stewart et al., 1985; Munson & Babel,
2007; Preston, 2017). Crucially, in this indexical view, languages, varieties, and their linguistic
features act as signifiers of attributes which are not related to the features themselves. Rather,
linguistic features (e.g., German language features) merely point to groups of speakers (e.g.,
Germans). Only the association with specific groups of speakers then activates the correspond-
ing evaluative meaning; for instance, a positive or negative aesthetic judgment (“German
sounds harsh”). This view is encapsulated in what is called the imposed norm hypothesis (Giles
et al,, 1979), i.e., the idea that language attitudes result primarily not from language itself, but
from differences in power and prestige among groups of speakers, and the social connotations
hypothesis (Trudgill & Giles, 1976), i.e., the idea that language attitudes result from sociocul-
tural stereotypes, cultural pressure, and social conditioning (also see Giles & Niedzielski, 1998).

Iconicity research (e.g., Kawahara et al., 2021; Winter et al., 2022) assumes at least some
evaluative perceptions of language to be an iconic phenomenon. That is, to the listener, phono-
logical markers possess qualities that cognitively connect them to the attributes with which they
are associated. For example, the well-documented maluma-takete (Kohler, 1929) and bouba-
kiki (Ramachandran & Hubbard, 2001) effects show that certain pseudowords are associated
with round versus spiky shapes. Other prominent examples include the findings that /p/ and
/b/ indicate fullness, /i/ indicates smallness (Blasi et al., 2016), that sibilants are associated with
the action of flying, voiced obstruents are perceived as negative or “dark”, and /p/ as “cute”
(Kawahara et al., 2021), that swear words tend to lack approximants (Lev-Ari & McKay, 2022),
and that there is a historically robust pattern of trilled /r/ being associated with rough textures

(Winter et al., 2022). The list of effect types includes diverse dimensions such as size, shape,
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action, brightness, speed, color, taste, and even (bordering on the territory of indexicality re-
search) social dominance (see Barker & Bozic, 2024 for an overview). Crucially, in this iconic
view, languages, varieties, and their linguistic features act as signifiers that are non-arbitrarily
related to the attributes they are associated with. Evaluative semantics, for instance aesthetic
judgments like “German sounds harsh”, can be activated by how German sounds. For example,
alanguage or variety that includes many voiced obstruents may be perceived negatively because
it is articulatorily challenging to produce them (Kawahara et al., 2021). Or, the reason trilled
/r/ is associated with roughness could be that its discontinuous phonetics resembles rough tex-
tures (Winter et al., 2022). This view echoes the inherent value hypothesis, which suggests that
properties of linguistic features themselves play a role in aesthetic judgments. Figure 1 visual-
izes the difference between the indexical view and the iconic view on language attitudes.
Whereas the indexical route assumes an indirect link between sound and meaning, with speak-

ers in between, the iconic route assumes a direct link, for example, by way of shared resem-

blance.
sounds groups of speakers  evaluative meaning
INDEXICALITY ‘”HI' # :.; » a
D o
[ J
sounds evaluative meaning

m—a
o

Figure 1: Simplifying overview of the indexical and the iconic link between sound and meaning.
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Both hypotheses may contain truth, but how do we pit the two routes against each other em-
pirically? One approach is to have participants rate varieties of languages unknown to them.
Since the early days of language attitude research, some studies have reported that participants’
ratings of these unknown varieties correspond to their social meaning (e.g., Ladegaard, 1998;
Hilton et al., 2022), while others have reported the opposite (e.g., Giles et al., 1974; Giles et al.,
1979). More recently, the renewed interest in the question has spawned studies that systemati-
cally analyzed ratings of many different languages according to sets of both phonetic-phono-
logical and social variables: Reiterer et al. (2020) show that Central Europeans rate European
languages differently on several semantic dimensions depending on social variables like famil-
iarity with the language and L2 experience, and phonetic variables like sonority, vocalic share,
and syllable structure. Anikin et al. (2023) find that a large number of languages are rated as
more or less beautiful, across speakers of different languages, but not depending on sounds.
Instead, some of the most important factors were perceived familiarity, voice quality, and dif-
ferent cultural biases. Finally, Mooshammer et al. (2023), instead of natural languages, used
constructed languages (conlangs, languages created through conscious human engineering and
invention, e.g., for use in fiction). They find that Germans rate several existing conlangs more
positively (e.g., Sindarin and Quenya) or negatively (e.g., Klingon and Dothraki) depending on
both their phonetic-phonological properties (e.g., voicing) and phonological familiarity.
There are three open issues that should be addressed following these studies. First, across
studies, there is contradictory evidence, with some studies finding support for only phonetic-
phonological predictors, some only for social predictors, and some for both. These results are
also hard to compare, as they examined different semantic dimensions. For instance, Anikin et

al. (2023) only looked at the beauty scale (ugly—beautiful). Second, these studies had listeners
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rate entire languages, which vary in thousands of properties, and they do not attempt to isolate
specific sounds or features. And third, the studies reviewed above tested existing languages (in-
cluding existing conlangs), which makes it difficult to control for previous exposure. Anikin et
al. (2023, p. 6) suggest that as an alternative to artistic conlangs like Elvish, it is also possible to
use “meaningless synthetic speech” (also see a similar call by Hilton et al., 2022, p. 45). This
would enable us to test whether we find similar patterns for language that is dissociated from
social context.

The present study addresses these points by testing a variety of semantic differential
scales with languages created from scratch that have never been heard by any listener. As a
result, the experiment probes the iconic route by removing as much real-life noise as possible.
In addition, this approach can isolate specific, potentially iconic phonetic-phonological fea-
tures. To launch this endeavor, the study takes a close look at one of the most notorious candi-
dates for supposedly making language sound unpleasant—the voiceless velar fricative /x/.

Why /x/? It turns out that this sound is one of the sounds that seem to have, plainly
speaking, a bad reputation. /x/, and more generally a class of sounds that by laypeople is some-
times referred to as “gutturals,” are often claimed to be perceived as negative, for instance, as
sounding harsh. Mooshammer et al. (2023, p. 6), discussing Stanley (2003), highlight that so-
called gutturals “are associated with growling, choking, hostility, and even illness.” The class of
gutturals is phonologically not always clearly defined but appears to be popular as a non-tech-
nical term among non-linguists. Generally, this latter, non-phonologically grounded use of the
term encompasses sounds produced in or towards the back of the oral cavity, including velar,
uvular, pharyngeal, or laryngeal consonants. The popular conception of guttural among Eng-
lish speakers, though, seems to exclude sounds English speakers are familiar with, like /k, g, 1,

6



126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

Indexicality versus iconicity: The case of /x/

h, ?/, but would include /x, y, w], L, , G, N, R, X, K, R, §, fi/. This makes the denotation of the term
in non-academic registers somewhat different from its phonological definitions. For /x/ in par-
ticular, it is easy to find associations with harshness in online discussions, popular media, and
memes, presumably because it prominently features in languages like German (the “ach-Laut”)
and Arabic, which are stereotypically framed as harsh. Where might these perceptions arise
from?

Associations of growling, illness, and choking are intuitive due to the sound’s shared re-
semblance to threatening animal sounds or coughing, respectively. The idea of hostility may be
connected to the fact that velars or fricatives, i.e., sounds that are perceived as harsh or hissing,
can indicate increased arousal and hostility among animals (Rendall & Owren, 2010; and dis-
cussed in the phonaesthetic context in Reiterer et al., 2020). In addition, there is evidence show-
ing that compared to consonants articulated in the front of the mouth, those articulated in the
back of the mouth are generally dispreferred among human listeners (e.g., Maschmann et al,,
2020). As discussed by Hilton et al. (2022), this may be because, crosslinguistically, front con-
sonants are ontogenetically acquired earlier than back consonants (Menn & Vihman, 2011). In
iconicity research, general mappings of affective scales onto articulatory space are not unheard
of. For instance, multiple studies have shown that the entire vowel space is categorized into
positive and negative, or more pleasurable and less pleasurable (e.g., Korner & Rummer, 2022;
also see the discussion in Winter et al., 2019). In short, /x/ is expected to contribute to more

negative ratings of language.
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1.2 Hypotheses

Taken together, we can expect the following. From the iconic perspective, form and meaning
directly relate to each other, and iconic meaning is often taken to be “universal” or “inherent,”
for instance due to evolutionary hardwiring or physical resemblance in the sign. We can thus
expect ratings to differ based on whether /x/ is present or not, regardless of sociocultural factors
(such as language background, recognition of the language, or demographic information). Spe-

cifically, /x/ supposedly evokes negative associations. Hence,

Hlicomenry  The stimulus recordings with /x/ should be rated worse than the control re-
cordings without /x/, regardless of sociocultural variables.

From the indexical perspective, however, associations are dependent on sociocultural factors.
Meaning is unrelated to form itself, but created through social relations and groups. Such soci-
ocultural factors capture our relations to and attitudes towards groups of people; they are
shaped both by who these people are and by who we are—indexical meaning is constructed
through social experience. We can thus expect ratings to differ based on sociocultural factors
(such as language background, recognition of the language, or demographic information), re-

gardless of the form itself (whether /x/ is present or not).

Hlnoeacaury  Ratings of the recordings should be affected by sociocultural variables (rather
than by the speech signal itself).

Some of the variables that are commonly included are previous exposure, familiarity with a
language, age, gender, and whether or how a language was recognized by the listeners (see, e.g.,
Reiterer et al., 2020, Anikin et al., 2023, Mooshammer et al., 2023, Hilton et al., 2022). How

these and other predictors were implemented, and which specific directional hypotheses were
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associated with them, is described in Section 2.5. But for all of these, while in the iconic view
what matters is not them but mostly the signal itself, in the indexical view what matters is not
the signal but these sociocultural predictors—how the listeners were brought up and socialized,
what they have experienced with their and other social groups, and what they associate with
specific groups of people, their region, identity, and supposed character traits. This direct con-
trast of iconic and indexical effects also suggests that we should examine how these variables

perform compared to each other. That is, in random forests (see Section 2.6), we expect that

H2comery  Effects of the speech signal itself should be able to compete in predictive
strength against sociocultural variables.

H2upeaeaury - Sociocultural variables should outperform effects of the speech signal itself.

The following section explains in detail how these hypotheses were tested, including stimuli,
participants, questionnaire, but also the directional hypotheses and operationalizations for

each predictor and their statistical implementation.

2. Method

The experimental materials, data, and code are available in the OSF Repository.
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2.1 Stimuli

For the creation of stimulus texts I wrote a Python program, the sonority-sensitive pseudotext
generator, or SSPG. Unlike other generators (e.g., Rosenfelder, 2012), it automatically creates
words with syllables that adhere to the sonority sequencing principle (in the present study, this
is relevant only for adhering to the CV structure, see below). The SSPG can thus generate pho-
nologically realistic samples of non-existing languages that control for many features that could
affect attitude ratings (see Table 1), allowing the researcher to only vary the feature of interest,
in this case /x/.

I generated three texts for the control condition and three texts for the stimulus condition,
to be spoken by different speakers. Both conditions share the same baseline phonemic inven-
tory /p, t, k, b, m, n, s, 1, w, j/. The only difference between the control condition and the stim-
ulus condition is that in addition, only the stimulus condition also contains /x/. In this condi-
tion, the sound /x/ occurs on average in about 20 out of the 100 words in the text, which was
judged to be a good balance between sufficient salience and realism. The remaining properties

were held constant (see Table 1 for an overview).

Table 1: Overview of properties of texts in both conditions, stimulus and control, after verification. The sound
inventory base refers to the baseline inventory /p, t, k, b, m, n, s, L, w, j, i, u, a, e, o/. The crucial difference between
control and stimulus conditions is the /x/ added to the baseline inventory.

Condition Control Stimulus

Text ID 1 2 3 1 2 3
Mean sonority 1-17 10.91 10.94 10.92 10.94 10.95 10.92
Consonants % 47.62 46.9 47.26 47.33 47.44 47.13
Obstruents % 25.32 23.97 23.73 24.52 26.07 26.43
Vowels % 52.4 53.1 52.7 52.7 52.6 52.9
Voicing % 79.44 80.37 79.51 79.53 78.21 78.28
Syllable structures Cv,Vv Cv,Vv Cv,V Cv,Vv Cv,Vv Cv,Vv
Syllable weights 0-1 0.9,0.1 0.9,0.1 0.9,0.1 0.9,0.1 0.9,0.1 0.9,0.1
Number of words in the text 100 100 100 100 100 100
Maximum number of syllables 4 4 4 4 4 4
Sound inventory base base base | base,/x/  base,/x/  base, /x/

10
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To generate audio files from these texts, I used the speech synthesis software Amazon
Polly. I added SSML tags to the texts (Speech Synthesis Markup Language, Baggia et al., 2010)
telling the speech synthesizer to pronounce them exactly as specified in the IPA transcription
provided, rather than interpret them as orthographic transcriptions. Further SSML tags were
added specifying when to adapt intonation to sentence boundaries. One challenge is that speech
synthesis software is designed to work language-specifically. In other words, it is optimized for
a certain language. There is no “neutral” way to realize a string of phonemes, neither for hu-
mans nor for software. This has two consequences. First, a given voice in Polly, or any other
available speech synthesis software, will not be able to realize all existing human sounds. This
makes it difficult to synthesize newly constructed languages. The solution is to use phonemic
inventories with sounds that are crosslinguistically very frequent, as introduced above, and thus
more likely to be covered by many voices. Second, even if the phonemic input is the same across
voices, each voice will be optimized for specific phonetic realizations and suprasegmental fea-
tures, such as intonation. One option to address part of this problem is to remove supraseg-
mental features altogether (e.g., to flatten the pitch in the stimulus). This, however, does not
address small differences in the realization of phonemes and will make the stimulus sound ex-
tremely artificial. The alternative, then, is to embrace the reality of different language optimi-
zations consciously by adopting several ones and holding each one constant between condi-
tions. This study followed the latter strategy.

To cover a varied spectrum of optimizations that can be statistically controlled for, this
study used voices from five different languages, which are Arabic, Dutch, German, Polish, and
Spanish. These five were chosen for two reasons. The first reason, mentioned above, was that

11
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the voices needed to be able to convincingly realize the stimuli, including /x/, meaning both the
baseline inventory and /x/ had to overlap with the inventory of the language for which the voice
was optimized. The second reason was the availability of different voices in the language. I only
considered languages that had at least three voices per language, and that had at least one female
voice and one male voice. They also had to cover different kinds of technology across voices.
Each language should be represented by at least one neural engine voice, which produces more
realistic results, and one standard engine voice, which features less smart transitions between
sounds. For every language, the six texts were pseudo-randomly distributed over three voices,
so that every voice read one text from each condition. This amounted to 30 recordings in total.

Table 2 provides an overview of all voices.

Table 2: Overview of Amazon Polly voices used to create the recordings, together with their language optimiza-
tions. C = control condition, S = stimulus condition.

Arabic Dutch German Polish Spanish
o = 8 2 o
g s g g e g 9 & s = = < 2
QO
cls|c|s|cls|c]s|c|s|c|s|c|s|c|s|c|s|c|[s]|c|s|c|s|c|[s]|c|[s]|cC]s

2.2 Participants

501 participants were sampled on Prolific. A quota sampling by PRIMARY LANGUAGE was used
to test for effects of previous exposure to /x/. This will be explained in detail in Section 2.5
(predictor EXPOSURE). 277 listeners were male, 213 female, and 11 non-binary. Age ranged from
18-72 (mean = 32, median = 29). Participants gave their informed consent and were financially

compensated.

12
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2.3. Questionnaire

The questionnaire was constructed using SoSci Survey (Leiner, 2024). After the information
and consent sheet, listeners were presented with a story about robots. This was done for two
reasons, first, to ensure participants would find the artificially synthesized voices believable,
and second, to make sure participants did not carry over any previous non-linguistic associa-
tions with specific groups of people. The story, however, emphasized that the robots are hu-
man-like. This ensured at least a basic level of social relevance, which could be considered im-
portant for indexical effects to emerge (see discussion in Section 4).

The next page informed participants that they would now listen to the first of three pairs
of robots. A pair always consisted of a stimulus audio file and a control audio file (in random-
ized order, with language optimization as between- and voice as within-participants factor).
Each recording was followed by the rating scales (see Section 2.4), which were implemented as
sliders from 0 to 100. After the scales, listeners had to rate how familiar this language sounded
to them, and type into a free text field which real language or dialect they thought this language
resembled the most. Then, the next stimulus of the robot pair was presented. Each participant

listened to three pairs, i.e., six recordings.

2.4 Response variables

Ten semantic differential scales were chosen for the present study. These scales are taken to
represent different underlying dimensions, based on the literature (e.g., Giles & Niedzielski,
1998; Reiterer et al., 2020; Hilton et al., 2022). The measurements on these scales serve as re-

sponse variables in the statistical models. Table 3 provides an overview.

13
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Table 3: Overview of semantic differential scales used as response variables in the experiment, together with their
negative valence labels (numerical value 1) and positive valence labels (numerical value 100). The final column
indicates which scales are used to represent which underlying dimension identified from the literature.

Scale negative valence 1 positive valence 100 dimension
PLEASANTNESS unpleasant —  pleasant general affinity
BEAUTY ugly —  beautiful aesthetics
SOFTNESS hard —  soft aesthetics
SHAPE spiky —  round aesthetics
EDUCATION uneducated —  educated status
INTELLIGENCE stupid —  intelligent status
FRIENDLINESS unfriendly —  friendly solidarity
ORDINARINESS strange —  normal solidarity
GOODNESS evil — good morality
EROTICISM unerotic —  erotic €eros

The most general underlying dimension is what we could call general affinity, which is usually
represented by generic scales like likeability (do not like at all—like very much, Anikin et al.,
2023) or, as in this case, PLEASANTNESS (unpleasant—pleasant, Giles & Niedzielski, 1998;
Reiterer et al., 2020).

More specific than general affinity, it is possible to identify in the literature a dimension
we could call aesthetics, which can be used to group scales like elegance (inelegant—elegant),
fashion (unfashionable—fashionable), sweetness (harsh—sweet), melody (tuneless—melodic),
or orderliness (chaotic—orderly) (see, e.g., Giles & Niedzielski, 1998, Reiterer et al., 2020, Hil-
ton et al., 2022). For the present study, this dimension is represented by BEAUTY (ugly—beau-
tiful) as it is perhaps the most general and widely used scale in this category (Anikin et al., 2023;
Giles & Niedzielski, 1998; Hilton et al., 2022; Reiterer et al., 2020, but see Domizi, 2024 and
Lopes, 2017 on the difference between likeability and aesthetics). In addition, I selected SOFT-
NESS (hard—soft) and SHAPE (spiky—round) as the two perhaps most prominent semantic dif-

ferentials in iconicity research (cf. the bouba-kiki effect, Ramachandran & Hubbard, 2001).
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The two most prominent dimensions in indexicality research are status and solidarity.
They can be represented by a variety of scales (see, e.g., Stewart et al., 1985, Giles and Niedziel-
ski 1998, Bayard et al., 2001, Clopper & Pisoni, 2004, Reiterer et al., 2020, among many others),
such as, for status, importance (marginal—influential), culture (uneducated—cultured), wealth
(poor—wealthy), success (unsuccessful—successful), or competence (incompetent—compe-
tent); for solidarity, kindness (unkind—kind), fun (boring—fun), coolness (uncool—cool), po-
liteness (impolite—polite), generosity (stingy—generous), welcomingness (repelling—wel-
coming), or comfortableness (uncomfortable—comfortable). Here, status is represented by the
classics EDUCATION (uneducated—educated) and INTELLIGENCE (stupid—intelligent), while
solidarity is represented by FRIENDLINESS (unfriendly—friendly) and ORDINARINESS (strange—
normal, cf. Hilton et al., 2022).

Studies on conlangs in particular (Mooshammer et al., 2023) have highlighted the rele-
vance of a moral dimension, since some conlangs are constructed with the design goal in mind
of conveying evilness to the audience. This dimension can be represented by peacefulness (ag-
gressive—peaceful) and solidarity scales like trustworthiness (untrustworthy—trustworthy),
honesty (dishonest—honest), or reliability (unreliable—reliable), and here is represented by
the most straightforward one, GOODNESS (evil—good).

Finally, the studies by Reiterer et al. (2020) and Kogan and Reiterer (2021) have empha-
sized that eros, too, is a dimension in which listeners readily rate language. This is connected
to the so-called Latin Lover effect, by which Romance languages are perceived as sensual, at-
tractive, or sexy-sounding. Viable proxies for eros are romanticism (unromantic—romantic),
seductiveness (unseductive—seductive), sexiness (unsexy—sexy), or attractiveness (unattrac-

tive—attractive). Here, I use the presumably most basic scale EROTICISM (unerotic—erotic).
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Overall, the scales selected for this study constitute a set considered to tap into the most relevant
and different underlying semantic dimensions. Each participant provided six ratings per scale,

which amounts to 3006 ratings per scale overall.

RATING

In addition to the individual scales introduced above, one response variable in this study is
RATING (negative—positive). This variable combines the ratings of each scale according to their
negative-positive alignment in a long-form dataset. This is useful to investigate a general ten-
dency in whether the stimuli with /x/ are rated worse (or better) than the control.

It is worth noting that doing this raises questions about the ontology of the semantic
scales. While for some scales, their alignment with the negative-positive axis is obvious (for
instance, unpleasant is negative, pleasant is positive), for others, it may not be as intuitive (for
instance, it may not be self-evident that spiky is more negative than round, or that soft is more
positive than hard). A few studies demonstrate the relative independence of scales. For example,
O'Connor and Barclay (2017) find that effects of pitch on perceptions of trustworthiness are
independent of pitch effects on attractiveness. And, even though high status and high solidarity
could both be considered as having positive valence, a classic finding in much of the sociolin-
guistic literature is that the solidarity dimension tends to negatively correlate with the status
dimension (see Kircher & Zipp, 2022 for an overview).

However, there is also evidence that even scales that would not necessarily be expected to
be underlyingly positive or negative are indeed interpreted this way. For example, for shape,
round is positive and spiky is negative, either because spiky shapes are threatening (Bar & Neta,
2006) or because round shapes by themselves are inherently likeable (Vartanian et al., 2013;
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Bertamini et al., 2015; Palumbo et al., 2015; for a discussion, see Domizi, 2024, pp. 82-85).
Similarly, soft and smooth is better than hard and rough (e.g., Essick et al., 2010; Essick et al.,
1999). As Winter et al. (2019, p. 4) summarize, pleasantness is often a “common denominator,”
and there is more and more “evidence for the presence of affective iconicity in language, i.e.,
the association between speech sounds and pleasant or unpleasant feelings.” For the present
study, I performed a reality check, making sure that ratings on all scales correlated in the ex-
pected direction (i.e., according to their hypothesized negative-positive valence). All these cor-
relations played out as expected, indicating that the negative-positive alignment as shown in

Table 3 is supported by the data.

2.5 Predictor variables

CONDITION
This is the main predictor of interest, coding whether the audio file wasa st imulus recording

including /x/ or a control recording without /x/.

EXPOSURE

This predictor coded for how exposed listeners had been to /x/ before participating in the ex-
periment. For exposed listeners, I sampled participants who had indicated as their primary
spoken language one of the five languages with /x/ from the voice’s language optimization, i.e.,
Arabic, Dutch, German, Polish, or Spanish (each 10 % or 50 listeners). For 1less exposed
listeners, I sampled participants who had indicated as their primary spoken language English,

Italian, or Japanese (each about 17 % or 86/85/80 listeners respectively). An overview is given
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in Table 4. Note that the predictor codes for whether or not /x/ occurs in the language, disre-
garding phonotactic position or allophony (see discussion in Section 4). We can expect that
any potential iconically motivated aversion to /x/ will be cushioned by the listener being used

to that sound (also see the rationale for FAMILIARITY below).

Table 4: Overview of participant numbers according to their exposure to /x/ and primary language.

Exposure exposed less exposed

Primary language Arabic | Dutch | German | Polish | Spanish | English | Italian | Japanese

Number of participants 50 50 50 50 50 86 85 80

Total 250 251
RECOGNITION

RECOGNITION specifies which real group of languages listeners thought the recording was most
similar to. I tested three ways of grouping the listeners” answers: (1) as a binary variable simply
encoding whether the listener provided any guess or not, (2) as areas, such as East Asia, South
East Asia, Eastern Europe, etc., and (3) as a mix of larger macroareas and groups for which
there are specific hypotheses. I considered the first option to be too uninformative, and the
second one to have too many values, which can lead to statistical problems. The most sensible
solution was the third option.

The possible values recognition could take were Africa, Asia, Germanic,Middle
East, Romance, and other. While Africa and Asia are both macroareas, the Middle East
refers to a more specific region, while Germanic and Romance refer to specific language fami-
lies. As mentioned above, the reason for coding these more specific values is that we have con-
crete hypotheses associated with them. As described in Section 1, languages from the Middle

East, like Arabic, and Germanic languages, like German, seem to be notoriously framed as

18



361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

Indexicality versus iconicity: The case of /x/

“harsh,” “unpleasant,” or “aggressive.” Recordings with which listeners associated a label coded
as Germanic (like “German” or “Germanic”) are thus expected to be rated comparatively
more negative overall, particularly in terms of pleasantness and aesthetics (except perhaps for
status, for a discussion of the complex situation for the example of the German language see
Domizi, 2024). Note that Germani c was deliberately coded such that it does not include Eng-
lish, as English is usually not stereotypically described with these negative attributes. Romance
languages, on the other hand, are notoriously perceived as “beautiful,” “romantic,” or even
“erotic,” at least in Eurocentric discourse (see again studies on the Latin Lover effect, like
Reiterer et al., 2020). Recordings with which listeners associated a label categorized as Ro-
mance (like “French” or “Italian”) were thus expected to be rated comparatively more positive,
especially on scales related to aesthetics and attractiveness. Other included cases where no
label was provided, unclear and ambiguous labels (e.g., “Eastern,” “mixed”), and cases that did

not fit the categories of interest (e.g., “Native American,” “Pacific Islands”).

FAMILIARITY

We like that which we know. There is no shortage of either evidence or explanations for this
phenomenon—perhaps familiarity reduces fear of harm (Bornstein, 1989) or facilitates pro-
cessing (Reber et al., 2004)—and it should and does apply to language (for a discussion, see
Kogan & Reiterer, 2021). Familiarity with the language was elicited as self-reported familiarity
judgements by the question “How familiar does this language sound to you?” followed by a

slider on a scale from 1 (not at all familiar) to 100 (very familiar).

LANGUAGE
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This variable specifies the language for which the respective Amazon Polly voice was optimized,
and can thus take the values Arabic, Dutch, German, Polish, or Spanish. This captures
differences in suprasegmental features and voice quality. As not much is known about attitudes
towards specific patterns of intonation, stress, or rhythm, we should refrain from formulating

specific hypotheses for this predictor.

GENDER OF VOICE

The gender of the Amazon Polly voice used to synthesize the texts to speech. It can take the
values male or female. In general, humans prefer voices that sound sex-typical (Pisanski &
Feinberg, 2018). However, it is also possible to expect differences in the rating of these two
genders. One hypothesis could be that in the current patriarchal system, female voices score
better on solidarity scales (due to metaphors of women as social, nurturing, caring, etc.), while
male voices could score better on status (due to associations with authority, success, power,
etc.). This effect may be augmented due to lower pitch being associated with dominance (see,
e.g., Calhoun et al., 2024; Borkowska & Pawlowski, 2011). Female voices could also be hypoth-
esized to be rated better on the eroticism scale, as women are more pervasively sexualized, and
on the goodness scale, as male voices are on average lower-pitched and may thus activate the
“evil  sounds  deep”  trope (for a  collection of  examples, see
tvtropes.org/pmwiki/pmwiki.php/Main/EvilSoundsDeep). Overall, we should find a prefer-
ence for female voices, as these were rated better in previous studies on the aesthetics of lan-
guages (Anikin et al., 2023; Reiterer et al., 2020) and have been shown by neurophysiological
studies to produce stronger activation patterns in the brain (e.g., Lattner et al., 2004). Better
ratings of female voices may also be related to pitch, as higher frequency is perceived as less
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dark and thus presumably better than lower frequency (Marks, 1975; but see Mooshammer et

al., 2023).

GENDER OF LISTENER

The gender of the listener, which in this dataset takes the values female, male, and non-
binary. We can expect GENDER OF LISTENER to interact with GENDER OF VOICE, for instance
because listeners (especially women, Rudman & Goodwin, 2004) may rate voices better that
correspond to their own gender (in-group bias, see Giles & Johnson, 1987; Hewstone et al.,
2002). Assuming that most of the participants are heterosexual, one could expect the opposite
effect for the scale eroticism. Here, male listeners may rate female voices as more erotic, while
female listeners may rate male voices as more erotic. In addition, we can expect to replicate a
general effect between men and women where women rate language varieties that are different

from their own better than men (Coupland & Bishop, 2007).

OTHER VARIABLES

Other covariates included in the models were POLYGLOT (the listener’s cumulative language
proficiency, measured as the sum of the number of L1s and L2s, Reiterer et al., 2020), AGE,
MUSICALITY (the musical experience of the listener on a scale from 1 to 10), LINGUISTICS (previ-
ous experience with linguistics, ye s or no), INPUT (input device by which participants accessed
the experiment), OUTPUT (output device participants used to listen to the recordings), LOCA-
TION (location in which participants carried out the online experiment), SCALE, (the semantic

scale), and PARTICIPANT (as a random intercept).
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2.6 Modeling

The data were modeled with linear mixed-effects models, using the 1me4 package (Bates et
al.,, 2015) and ImerTest (Kuznetsova etal., 2016) in R (R Core Team, 2025). One model was
created to model ratings from all scales simultaneously in one concatenated dataset, with the
purpose of investigating a general negative-positive tendency in the evaluation of the stimuli.
This model had RATING as the response variable and will be referred to as the across-scale model.

It was structured as follows:

(1) RATING ~ CONDITION * EXPOSURE + RECOGNITION + FAMILIARITY + LANGUAGE +
GENDER OF LISTENER * GENDER OF VOICE + POLYGLOT + AGE + MUSICALITY +
LINGUISTICS + INPUT + OUTPUT + LOCATION + SCALE + (1 | PARTICIPANT)

As can be seen from this model structure, two pairs of predictors were included as interactions.
First, EXPOSURE needed to be allowed to interact with CONDITION, since we would assume that
only the stimulus would be affected by previous exposure to /x/. Second, GENDER OF VOICE
should interact with GENDER OF LISTENER, as ratings could be affected by both an in-group bias
and by sexuality (see Section 2.5).

In addition to the across-scale model, I also created one model for each semantic differ-
ential scale. For these models, the response variable was the rating on one specific scale, for
instance, PLEASANTNESS. These models were identical to the across-scale model except for the
fact that they did not include SCALE as a predictor.

Post-hoc comparisons of multiple contrasts of categorical predictors were computed with
emmeans (Lenth & Piaskowski, 2026) using Tukey adjustment. In order to better compare the
social variables against the phonological predictor, I also built random forests using the ran-

domForest package (Liaw & Wiener, 2002), each with 500 trees. These featured the same
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variables used for the linear mixed-effects regression models, without the interactions. The in-
crease in node purity in the random forests can be used to estimate how important the predic-

tors are compared to each other in predicting, or splitting, the data.

3. Results

First, comparing the distributions for each scale of the stimulus condition against the control
condition (Figure 2), we see that the two conditions differ only slightly but overall have remark-
ably similar shape. This observation already tells us that whether /x/ is present or not does not
seem to make a huge difference. This is impressive given that the task was designed in a way
that put stimuli and control recordings in direct opposition, in an attempt to make it possible
for listeners to compare them.

But let us now look at the output of the statistical modeling. Let us start with the across-
scale model, before going into detail for relevant individual scales. Table 4 summarizes the re-
sults from this model. For reasons of space, the summary omits the control variables INPUT,
OUTPUT, LOCATION, and SCALE. None of these showed significant effects except for SCALE (for
instance, the eroticism scale yields significantly more negative ratings), which is expected but
not central to the discussion. As for the remaining covariates, neither LINGUISTICS, nor MUSI-

CALITY, AGE, or POLYGLOT show any effects'. LANGUAGE shows that the Arabic voice

! Following the suggestion of a reviewer, I also checked for interaction effects between musicality and condition.
They suggest that more musical listeners might perceive /x/ as an acoustic texture, or timbre, rather than a social
signal. The interaction itself is significant at p < .05 such that musicality has a slightly stronger positive effect on
ratings in the stimulus condition compared to the control condition. However, none of the two conditions show
an effect of musicality as such, i.e., at this point we are unable to find support for musicality affecting ratings of
either the control samples or the stimulus samples themselves. This mirrors the lack of effects for musicality for
both conditions when included as a main effect.
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469  optimizations were rated significantly better than Dutch, and an analysis of all contrasts reveals
470  that the Arabic optimization was indeed rated significantly better than any other optimizations

471  (marginally significantly for German), while all other comparisons remain non-significant.

Pleasantness Beauty Softness
control A ‘A A
stimulus
0 40 80 0 40 80 0 40 80
« unpleasant pleasant — — ugly beautiful — «— hard soft —
Shape Education Intelligence
stimulus
0 40 80 0 40 80 0 40 80
«— spiky round — «— uneducated educated —»  « stupid intelligent —
Friendliness Ordinariness Goodness
stimulus
0 40 80 0 40 80 0 40 80
« unfriendly friendly — « strange normal — «— evil good —
Eroticism
control
stimulus
0 40 80
472 « unerotic erotic —

473 Figure 2: Distributions of ratings by condition, with one panel for each scale. The darker shaded distributions
474  represent the stimulus condition with /x/, the lighter shaded distributions represent the control condition without

475  /x/.
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Table 5: Summary of across-scale linear mixed-effects regression model regressing the predictors described in
Section 2.5 against RATING, with INPUT, OUTPUT, LOCATION, and SCALE omitted. Reference levels are EXPOSURE
less exposed, CONDITION control, RECOGNITION Africa, LANGUAGE Dutch, GENDER OF LISTENER fe-
male, GENDER OF VOICE female, and LINGUISTICS no. The full model, as well as model outputs of regression
models for individual scales, are documented in the OSF Repository.

Predictors Estimate Confidence interval ~ p-value
Intercept 53.65 48.04 — 59.26 <0.001 ***
EXPOSURE exposed -2.60 -481 — -0.39 0.021 *
unclear -0.73 -444 — 2.97 0.698
CONDITION stimulus 0.25 -040 — 0.90 0.447
RECOGNITION Asia 0.44 -0.54 — 1.41 0.379
Germanic -3.93 -541 — -244 <0.001 ***
Middle East -4.29 -561 — -296 <0.001 ***
Romance -341 -439 — -243 <0.001 ***
other -3.50 -448 — -2.53 <0.001 ***
FAMILIARITY 0.28 026 — 0.29 <0.001 ***
LANGUAGE Arabic 3.97 0.84 — 7.11 0.013 *
German 1.02 -2.12 — 4.16 0.523
Polish -0.92 -4.05 — 2.20 0.563
Spanish -1.78 -4.88 — 1.31 0.259
GENDER OF LISTENER male -4.32 -6.41 — =222 <0.001 ***
non-binary 0.13 -6.82 — 7.08 0.970
GENDER OF VOICE male -2.88 -3.60 — -2.17 <0.001 ¥+
POLYGLOT -0.59 -1.22 — 0.03 0.061
AGE 0.01 -0.09 — 0.10 0.898
MUSICALITY 0.22 -0.14 — 0.59 0.230
LINGUISTICS yes 0.74 -1.39 — 2.86 0.496
EXPOSUREexposed X  CONDITIONstimulus -1.30 -223 — -0.38 0.005 **
EXPOSUREunciear X CONDITIONs+timulus -0.48 -2.05 — 1.10 0.553
GENDERpa1e X  VOICEGENDER;a1e -0.62 -1.56 — 0.33 0.203
GENDERnon-binary X  VOICEGENDERa1e -2.10 -532 — 1.12 0.201
Random effects
o’ 374.83 ICC 0.24
Too participant 116.48 Nparticipant 501
Observations 30060 Marginal / Conditional R* 0.223/0.407

Let us now turn to our phonological predictor of interest, CONDITION, as well as to the social
predictors EXPOSURE, FAMILIARITY, RECOGNITION, and GENDER.
We first examine CONDITION in interaction with EXPOSURE. From the interaction in Table

4 that shows the effect of the stimulus compared to the reference level control in the
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exposed group, we can observe a significant negative effect on the ratings. To examine the
full picture with all levels, Figure 3 plots this interaction effect together with the significance
level for all contrasts (Tukey adjusted). We disregard unclear for the moment, as we did not

have any predictions for this category.

All ratings by condition and exposure

66-

positive —
Ix

64 -
% ags
62- —p ® condition

control
- stimulus

Ratings

60-

58-

« negative

56 -

less exposed exposed unclear
Exposure

Figure 3: Interaction between CONDITION and EXPOSURE in the across-scale model. Significance codes: *** for
p <.001, ** for p < .01, * for p < .05, no asterisks for p > .05, Tukey adjusted. Error bars indicate 95% Cls.

First, we find that exposed listeners rate the language with /x/ as significantly worse than the
language without /x/, whereas we find no such difference in the less exposed group. If the neg-
ative effect of /x/ was purely iconic, it should have manifested in both groups of listeners re-
gardless of exposure. From an iconic perspective, we could also have expected the exposed
group to rate the stimulus better than the control, perhaps because this group is more used to
/x/, which could mitigate its inherently negative associations. Interestingly, we find the oppo-
site. If a listener had been exposed to /x/, it sounds worse to them. To foreshadow the discussion,

one explanation comes from the indexical view: exposed listeners are likely more aware of the
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respective stereotypes surrounding /x/, and thus rate languages with /x/ worse despite being
more used to them. We can confirm this picture from a different angle if we compare exposure
groups by condition. We find that exposed listeners rate the language with /x/ significantly
worse than less exposed listeners.

The pattern of exposed listeners rating the stimulus worse than the control, and exposed
listeners rating the stimulus worse than less exposed listeners, is indeed a pattern on all scales,
though the effects do not always reach significance. This can be gleaned from the overview in
Figure 4, which displays the same plot but for each statistical model, including the models for
individual scales. To summarize, considering only the significant effects (see Table 5 for an
overview of significances), we can say that compared to the control condition, exposed listeners
rate the language with /x/ as less positive; and compared to less exposed listeners, exposed lis-
teners rate the language with /x/ or its speakers as less positive, uglier, less erotic, less educated,
and less intelligent (the final two dimensions also apply to their ratings of the language without

/x/).
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All ratings Pleasantness
70- 70-
. +
5.
e 60- + + 60- *
50- 50-

less exposed exposed unclear less exposed exposed

Shape Education

4
gt !

50- 50-

Rating

less exposed exposed unclear less exposed exposed

Ordinariness Goodness

70- 70- + +

Rating

50- 50-

less exposed exposed unclear less exposed exposed

Softness

unclear less exposed exposed unclear less exposed exposed

Intelligence Friendliness
} 70- * * * 70- *
60- 60- +
50~ 50-

unclear less exposed exposed unclear less exposed exposed

Eroticism

condition

control
@ stimulus

unclear less exposed exposed unclear

unclear

unclear

Figure 4: Overview of the interaction between CONDITION and EXPOSURE in all models. Rating on the y-axis is
always arranged so that higher values are more positive. Error bars indicate 95% CIs. Note that the range displayed
is the same for all panels except for EROTICISM, which received lower ratings overall.

Let us now move on to the remaining predictors. FAMILIARITY is of particular interest, as

previous studies have used this measure to assess the indexical route, or social influence. FA-

MILIARITY turns out to be one of the strongest predictors in the across-scale model, as well as

the most consistently strong predictor across all models. We see a very clear positive, and ex-

pected, effect across all scales (Figure 5). More self-reported familiarity always, and always very

highly significantly, leads to better ratings, no matter the semantic differential scale.
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All ratings Pleasantness Beauty Softness
100- 100- 100- 100-
g) 80'/ 80'/ 80'/ 80'/
= 60- 60- 60 - 60-
o 40- 40- 40- 40-
AR T———————— PART——T—————— AR T——T—————— PART——T——————
0 25 50 75 100 0 25 50 75 100 0 25 50 75 100 0 25 50 75 100
Shape Education Intelligence Friendliness
100- 100- 100- 100-
o 80- 80'/ 80'/ 80'/
B 60-/ 60- 60- 60-
o 40- 40- 40- 40-
210 e e 20 o ey 210 e e 20 o ey
0 25 50 75 100 0 25 50 75 100 0 25 50 75 100 0 25 50 75 100
Ordinariness Goodness Eroticism
100~ 100~ 100~
o 80° 80-/ 80-
5 60- 60- 60-
40- 40- 40-/
AR ———————— PR ——————— 20 e m————
0 25 50 75 100 0 25 50 75 100 0 25 50 75 100
Familiarity Familiarity Familiarity

Figure 5: Overview of the effects of FAMILIARITY in all models. Rating on the y-axis is always arranged so that
higher values are more positive. All effects are very highly significant at p <.001.

We now turn to RECOGNITION. As described in Sections 2.3 and 2.5, listeners were asked
which language or dialect they thought the respective robot language resembled the most. In
Table 4, we see that compared to the reference level Af rica, listeners rate the languages worse
if they think they are similar to a Germanic language (note again that Germanic does not in-
clude English here), a language from the Middle East, or a Romance language. The top panel
of Figure 6 plots these effects. The negative ratings for Germanic languages and languages from
the Middle East are expected. These are stereotypically framed as sounding “harsh,” “unpleas-
ant,” even “aggressive,” and these score the worst. However, Romance languages score only a

little higher, which is surprising. Recall that the reason to create a category “Romance” was
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primarily due to scales BEAUTY and EROTICISM, as I had expected to replicate the Latin Lover
effect.

To investigate this, let us move away from the across-scale model and look at the BEAUTY
and EROTICISM models in isolation. The middle panel in Figure 6 shows that for BEAUTY, only
the category other scores significantly worse compared to Africa and Asia. Meanwhile, Ro-
mance languages are still perceived as somewhat beautiful, or at least non-significantly less
beautiful than the other groups. Moving down to the bottom panel of Figure 6, a similar picture
emerges for the crucial scale EROTICISM. When listeners think they hear a Romance language,
and rate how erotic the language sounds, the negative effect for Romance languages from the
across-scale model disappears. It is, however, worth noting that listeners also fail to rate per-
ceived Romance languages as more erotic than the other groups. It is thus not possible to claim

to have found evidence for the Latin Lover effect.
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Ratings  positive —

«—ugly Beauty beautiful — «— negative

Eroticism  erotic —

«— unerotic

All ratings by similarity guess
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64-

62-
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Aslia Gerrrllanic Middlé East Romance
Regional or family grouping of listener's similarity guess
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Beauty by similarity guess
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Regional or family grouping of listener's similarity guess
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Eroticism by similarity guess
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Figure 6: Overview of the effects of RECOGNITION for the across-scale model (top panel), the BEAUTY model (mid-
dle panel), and the EROTICISM model (bottom panel). Significance codes: *** for p < .001, ** for p < .01, * for p < .05,
no asterisks for p > .05, Tukey adjusted. Double arrows indicate a contrast; extending single arrows indicate that
significance also applies between the reference level and the following contrasts. Error bars indicate 95% Cls.
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Figure 7: Overview of the effects of GENDER OF LISTENER in interaction with GENDER OF VOICE for the across-scale
model (top left panel), the eroticism model (top right panel), the intelligence model (bottom left panel), and the
education model (bottom right panel). Significance codes: *** for p < .001, ** for p < .01, * for p < .05, no asterisks
for p > .05, Tukey adjusted for post-hoc comparison of multiple contrasts. Error bars indicate 95% Cls.

Let us now move to the final important social predictor, which is GENDER. From the
model output in Table 4 we can observe two negative effects of both male voices and male
listeners in the respective reference levels (female for each), but interaction effects are more
easily understood as a plot (top left panel of Figure 7). Two things are of interest. First, we see
that female, male, and non-binary listeners rate male voices as significantly worse than female

voices. There is a general preference for female voices. Second, we see that male listeners rate
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both female and male voices as more negative than female listeners. In other words, men gen-

erally rate everything as more negative than women.

All ratings Pleasantness Beauty Softness
80- 80- 80- 80-
& 70- 70- 70- 70-
c
560- + 60- + 60-+ 60-
50- + 50- + 50- + 50- + +
ferr;ale mzlale non—t;inary femlale méle non—t;inary femlale méle non—l;inary ferr;ale méle non—t;inary
Shape Education Intelligence Friendliness
80- 80- 80- 80-

70- 70-+ 70.+ | 70-
60-+ + 60- + 60- + 60-+ +

50- 50- 50- 50-

Ratings

female male non-binary female male non-binary female male non-binary female male non-binary

Ordinariness Goodness Eroticism
. Gender of voice
80- 80- 40- female
©® male
& 70- 70-
£ + 30-
& 60- + 60 +
20-
50- + 50-
l l l l l l 10- l l l
female male non-binary  female male non-binary  female male non-binary
Gender of listener Gender of listener Gender of listener

Figure 8: Overview of the interaction between GENDER OF LISTENER and GENDER OF VOICE in all models. Rating on
the y-axis is always arranged so that higher values are more positive. Error bars indicate 95% Cls. Note that the
range displayed is the same for all panels except for EROTICISM, which received lower ratings overall.

This pattern between men and women generally holds true across scales (Figure 8), and the
comparisons are almost always significant (see Table 5 for an overview of significances; note
that the sample size for non-binary listeners was substantially smaller). We can generalize that
male voices are perceived by female and male listeners as comparatively negative, ugly, hard,
unfriendly, evil, and unerotic. At the same time, men in general rate language or its speakers as

less positive, less pleasant, uglier, less educated, more stupid, and stranger than women do.
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There are, however, some cases where the data either augment or deviate from this pat-
tern. One special case is EROTICISM, displaying a more extreme contrast between voices for male
listeners (Figure 7, top right panel). Female, male, and non-binary listeners do not differ in how
erotic they perceive either female or male voices. However, both female and male listeners
highly significantly rate female voices as more erotic than male voices, and this effect is partic-
ularly strong for male listeners. This makes sense if we assume that most of our listeners are
heterosexual. In contrast, the status dimension, represented by INTELLIGENCE and EDUCATION,
encompasses cases that deviate from the general pattern. When we look at INTELLIGENCE (Fig-
ure 7, bottom left panel), we again find that male listeners rate both female and male voices as
less intelligent than female listeners. However, the effect between voices disappears. Female
voices are, in fact, not rated as more intelligent than male voices. This is true for ratings by all
three listener genders. We should not overinterpret a null result, but it is indeed a conspicu-
ously absent effect in the presence of the others. The picture is similar for the other of the two
status scales, EDUCATION (Figure 7, bottom left panel).

To summarize the results thus far, Table 5 provides an overview of significant effects in
all models. We can see that whether the language contains /x/ only makes a difference if we
look at listeners who were exposed to that sound, and even then, CONDITION does not reach
significance for individual scales. Meanwhile, RECOGNITION, FAMILIARITY, and GENDER make a
notable difference in many cases. I will come back to these findings in the discussion in Section
4. The results already hint at the fact that for /x/, in this experiment, social factors may outweigh
the simple distinction between stimulus and control. However, to examine how the indexical

fares against the iconic, it can be useful to further quantify this comparison.
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Figure 9 plots for each model how important the predictors are compared to each other
in predicting, or splitting, the data, based on the increase in node purity in 500-tree random
forests (see explanation in Section 2.6). The more node purity increases, the more important
the predictor is. In each panel, the predictors are sorted by importance, from most important
at the top to least important at the bottom. For instance, looking at the across-scale model in
the top left panel, we see that the two central social predictors, FAMILIARITY and RECOGNITION,
are among the most important predictors. Meanwhile, CONDITION, the phonological predictor,
ranks rather low in comparison. If we compare all models for the different scales, we can see
that the social predictors always stay on top, while the sound-based predictor always stays close
to the bottom. We can use this information as another piece of the puzzle helping us to gauge
the effect of the phonological makeup of a language with /x/ compared to the effects of social

predictors on ratings.
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Table 6: Overview of significant effects in all linear mixed-effects regression models, with interactions and EX-
POSED" 228, LANGUAGE, INPUT, OUTPUT, and LOCATION omitted. Lighter shaded cells represent negative effects,
darker shaded cells represent positive effects. For terms included as interactions, [brackets] represent the ref-
erence level for which the comparison is true, e.g., CONDITIONST [EX] contrasts stimulus (against control)
in the exposed group. Details for all models are documented in the OSF Repository.

@ © - 2
» £ =z 3 o £ £ £ E &
Predictor % = 2 g & 8 & = § 5 B
= — & ®)
CONDITIONST [EX] b
CONDITIONST [LE]
EXPOSUREF* [ST] e *% * * * "
EXPOSUREF* [CT] . * *
RECOGNITIONAS
RECOGNITIONGE bt 5
RECOGNITIONME o0t . ot ——.
RECOGNITIONRO s it
RECOGNITION® A % * * *%
FAMILIARITY X% X% % % X% X% % % X% X% %
GENDERVM [LM] %% * % % * RVEVE o s
GENDERVYM [LF] ok e e e ook ok
GENDERLM [VM] *o4o% *o% ot _ * —_— st
GENDERIM [VF] % % ook ok ook * ook
POLYGLOT
AGE
MUSICALITY & *
LINGUISTICS
Abbreviations:

ST stimulus, CT control,EXexposed, LE less exposed,AS Asia, GE Germanic,ME Middle
East,RORomance,Oother,Mmale,LMlistenermale,LF listener female,VMvoicemale,

VM voice female, GENDERV = GENDER OF VOICE, GENDERL = GENDER OF LISTENER.

Significance codes: *** for p < .001, ** for p < .01, * for p < .05, . for p < .1, no asterisks for p > .05. Tukey ad-
justment of p-values applied to post-hoc comparisons of multiple contrasts (e.g., CONDITION X EXPOSURE).
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624  Figure 9: Overview of variable importance for all models in predicting the ratings, based on the increase in node
625  purity in 500-tree random forests.
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4, Discussion

This study investigated the interplay between indexicality and iconicity by bringing the two
mechanisms together in a controlled study, using /x/ as a test case. Let us now discuss how we

teel about /x/, and what this implies for social and aesthetic meaning-making.

4.1 Does /x/ sound inherently bad?

In this experiment, ratings were not, or only weakly, affected by whether /x/ is present, while
several social variables turned out to be strong predictors. That is, we find support for H1lupex
caury and H2npexicaury rather than Hlicowery and H2icomenry. This study, then, is a case where in-
dexical factors strongly contribute to evaluative meaning—perhaps more so than sound itself.
This finding is in line with other studies that found social variables to outweigh phonetic-pho-
nological variables (e.g., Reiterer et al., 2020). It is also consistent with the suggestion that
iconicity can be overridden by indexicality. For example, it has been suggested that the fre-
quency code, i.e., the idea that low frequency sounds are perceived as dominant because they
are used by larger-sized animals (Ohala, 2010), may not apply when overridden by social mean-
ing, such as when creaky voice is not perceived as authoritative or competent even though it is
low frequency (Winter et al., 2021).

To some extent, of course, the comparison is unfair, as we would not necessarily expect
a single predictor based on a single sound to overshadow all other predictors. However, while
the presence of /x/ as such did not make a difference, in interactions with exposure stimuli with
/x/ were rated worse if the listener had more likely been exposed to /x/. This is evidence that

iconic effects are modulated by indexicality. The tentative explanation for the direction of this
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effect is that exposed listeners are more aware of respective stereotypes, and consequently rate
languages with /x/ worse despite being more used to them (but see Section 4.3). Indeed, the
strongest predictors in the models were sociocultural, not phonetic-phonological, in nature.
Listeners rate language worse if they are male, if they perceive the language as being less familiar,
and if they felt the language sounded similar to a specific language group, such as those associ-
ated with “guttural sounds” or “harshness”, like languages from the Middle East or Germanic
languages. This is in line with pervasive stereotypes about how languages sound that belong to
these categories. However, the Latin Lover effect could not be replicated. This could be due to
the inherent lack of eroticism in robots, which served as speakers in the story. It could also be
because the present study had a lower share of WEIRD participants than some earlier studies
(Henrich et al. 2010), who may be more familiar with this stereotype. Finally, it is also worth
considering that RECOGNITION is a notoriously mysterious predictor with unreliable answers.
In the study by Anikin et al. (2023), which tested natural languages, listeners rated languages
better when they thought they recognized them, although they were actually wrong half of the
time. They also failed to report recognizing a language even when they performed the experi-
ment in that language. The present study, testing constructed language, used a more complex
operationalization based on open answers about which natlangs they resembled, but this does
not preclude these issues. Recordings were rated best when listeners thought the language re-
sembled languages from Africa or Asia. This may either be a “positive” exoticism effect, or, as
several listeners lived in countries like South Africa or Japan, a familiarity effect. Future studies
could try to decode the mapping between listener demographics and effects of social categori-
zation in a more targeted way. In general, the fact that how listeners categorize language

strongly determines evaluative meaning even if incorrect is a quintessentially indexical finding
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and lends further support to the idea that “social categorisation mediates the language attitudes
process” (Dragojevic & Goatley-Soan, 2020, p. 12; Ryan, 1983).

Taken together, the finding that, at least in the case of /x/, sociocultural predictors mod-
ulate (EXPOSURE) or overshadow (GENDER, FAMILIARITY, RECOGNITION) the influence of the
phonetic-phonological makeup of language on attitudes lends further support to the indexical
route (Figure 1; Peirce, 1958; Silverstein, 2003; Giles & Niedzielski, 1998). Even potentially
iconic associations with certain types of sound might become manifest only through an index-
ical detour, through which listeners rely on previous experience with languages and groups of
speakers. This detour may partly be enabled, or indeed required, by what Winter et al. (2019)
call pluripotentiality: One phonological pattern can invoke different semantics. Only social
context can make specific semantics become manifest—a quantum-superposed Schrodinger’s
/x/, so to speak, whose meaning settles only through social observation. A similar semantic
potential is well-known in sociolinguistics. Listeners evaluate the same linguistic features in
very different ways, not only because they categorize speakers differently (and often incor-
rectly), but also because language varieties index many different identities, any of which could
emerge as salient in a given context (see Dragojevic & Goatley-Soan, 2022 for discussion). In a
nutshell, whether we dislike sounds depends on who uses them.

Given the strong support for the indexical route, the present results also speak in favor of
the imposed norm and social connotations hypotheses (Giles et al., 1979; Trudgill & Giles,
1976). But what, then, about the inherent value hypothesis? This hypothesis usually has strong
theoretical backup due to its rationale being rooted in several statistical and biological patterns.
As discussed by Barker and Bozic (2024), some associations with sound could be universal due

to, for instance, co-occurrence or experience (e.g., smaller and spikier things produce higher
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frequencies when hitting a surface), evolved properties (e.g., small animals produce high-fre-
quency sounds), physical resemblance (e.g., lip rounding for roundness), or embodiment and
imitation (speech could have evolved from proto-dialogue based on iconic hand gestures, sup-
ported by the mirror neuron system, by which iconicity bootstraps language acquisition). As
discussed in Section 1, in the case of /x/, evolved properties in particular (e.g., coughing; threat-
ening animal sounds, Rendall & Owren, 2010) and their shared resemblances with /x/ lend
plausibility to the idea that this sound may be iconically associated with illness, choking, growl-
ing, and hostility (Mooshammer et al., 2023; Stanley, 2003). But this experiment barely found
support for stimuli with /x/ being rated worse than the control condition without /x/, unless it
looked at listeners who had been exposed to it. Even then, this effect was significant only for
pleasantness, shape, and across scales. How, then, can we reconcile these ideas of evolutionary

and acquisition-inspired mechanisms with the results of the present study?

4.2 A fundamentally indexical system?

One of the most important insights of the present study is that indexical effects emerge even if
almost all social context is removed. In other words, it is possible to observe social-indexical
variation we know from classic sociolinguistics even though the indexical route is intentionally
weakened by removing the stimuli from real life context. This is in line with Li and Roberts
(2023), who showed that both first-order indexicality (i.e., the connection between sound and
social groups; Silverstein, 2003) and higher-order indexicality (e.g., the connection between
social groups and perceived social attributes) can emerge in constructed language. This indi-

cates that indexicality might be a fundamental property of meaning-making. As such an
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integral property, indexicality might constrain and even encompass iconicity in various ways,
which may help explain the apparent discrepancy between the present findings and iconicity
as a strong theoretical and empirical notion. Indeed, some kinds of what is sometimes sub-
sumed under the label “iconicity” are much closer in their mechanism to indexicality than pre-
viously thought.

First, some kinds of iconicity do rely on learned associations rather than evolutionary
hardwiring. For example, systematicity (Dingemanse et al., 2015) refers to sound-meaning
mappings that are considered diagrammatically iconic, meaning the sound is systematically
linked to its meaning without actually resembling it. For instance, phonaesthemes like gl- in
English do not naturally evoke the meaning of ‘light’; rather this meaning is acquired from a
pattern existing in the English language. As Haslett and Cai (2023, p. 630) write that here, “sys-
tematicity produces iconicity, no resemblance required”. An iconic word like meow ‘the sound
of a cat’ may directly imitate the sound of a cat, but an iconic sound like /i/ ‘smallness’ or /a/
‘bigness’ must first come to be associated with size, similar to a social-indexical association like
pen [pin] ‘uneducated’. It is a learned association (learned perhaps via mouth shape, or via
typical frequency patterns in small and large animals, Ohala, 2010), which goes beyond ono-
matopoeia. Here, iconicity can still seem to play a role on the surface even when the underlying
mechanism by which the sound-meaning mapping comes about is rather indexical. Future
studies could attempt to investigate whether this is the case for /x/.

Second, it has been suggested that indexicality can lead to iconicity, that indexical features
can become iconic (cf. the ideas of iconization and rhematization, Irvine & Gal, 2000 and Irvine,
2022; or the idea of indexical iconicity, Silverstein, 2003). Linguistic features may appear to

inherently encode social meaning when their indexical link has become naturalized enough
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(Hall, 1999, p. 511). In other words, certain characteristics of social groups are perceived as
being inherent in the linguistic features with which they are associated. For example, a realiza-
tion of pen as [pin] may be classified as inherently ‘ignorant’ without pointing to Southern US
speakers for the listener (Preston, 2010). This echoes findings from qualitative data showing
listeners to retroactively rationalize a connection between sound and meaning as being iconic,
like “You can almost hear Scottish people mining in a shaft when they talk” (Stein, 2023). Eval-
uative meaning has become so naturalized within the sound that the listener can presumably
skip first-order indexicality and directly access attitudes without social categorization. This
could partly explain why exposed listeners rated /x/ worse, namely, because the negative per-
ception of the people using that sound has become engrained in it.

Finally, there is an overlap of indexicality and iconicity in that both, contrary to received
wisdom, feature elements of arbitrariness. In the traditional tripartite distinction, iconic signs
have (some of) the characteristics of the signified for which they act as signifiers, indexical signs
have some real-life connection to the objects they represent but no inherent resemblance or
shared quality, while only the relation of symbolic signs to their objects is purely arbitrary and
conventional (Peirce, 1958; Sebeok, 2001; Silverstein, 2003). Consequently, some researchers
believe that iconicity competes with arbitrariness, or that iconicity is defined as non-arbitrari-
ness (Barker & Bozic, 2024). However, contrary to this understanding (or, some would say,
misrepresentation of Peircean semiotics), some researchers emphasize that iconicity can, or
must, coexist with arbitrariness (e.g., Cohn & Schilperoord, 2024; Anderson, 1998, p. 29;
Perniss & Vigliocco, 2014). An example of this is onomatopoeia, which is also partly conven-
tionalized and acquired, and differs between languages (Barker & Bozic, 2024; Kwon, 2016;

Occhino et al.,, 2017; Nielsen & Dingemanse, 2021). It combines iconicity, indexicality, and
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symbolicity, as the onomatopoetic expression is an iconic image that points to the original
sound but is restricted by the phonemic inventory (Kortvélyessy & Stekauer, 2024). Iconicity is
thus arbitrary in the sense that a given iconic association is but one of many associations lis-
teners could have in a complex, pluripotential (Winter et al., 2019) system of many-to-many
mappings of meaning to a limited sound system. Indexicality, meanwhile, is also arbitrary in
the sense that the connection between social groups and perceived social attributes, or the sec-
ond-order sign, is, at best, stereotypical and thus conventionally agreed upon. Even the con-
nection between sound and social groups is a product of history and culture, rather than some-
thing that is naturally given or even causally related (such as in the classic example of an index
in which smoke points to fire).

Systematicity, iconization, and arbitrariness are three examples that expose the theoreti-
cal difficulties researchers face in attempting to clearly separate indexicality and iconicity. The
strong support for indexical effects found in the present study can thus be reconciled with the
idea of iconicity as a fundamental property of human cognition by acknowledging that in many
cases, indexicality may actually masquerade as iconicity. Indexicality and iconicity need not be
opposed. Both can contribute to attitudes in conspiracy, combining phonology, synaesthesia,
and culture (Berthele, 2010). Reiterer et al. (2020) argue that this conspiracy could be similar
to the interplay of culture and biology in the aesthetics of music. The strong effects both these
studies and the present experiment found for familiarity, in particular, could mirror musical
anticipation effects (Kogan & Reiterer, 2021). Even arguments from the ontogenesis and phy-
logenesis of language do not have to rely on iconicity, but can just as well be made for indexi-
cality. It has often been suggested that learning associations between sound and meaning, or
cue and outcome, may be easier with features that are socially salient (Li & Roberts, 2023; Racz
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et al., 2020). This implies that indexicality, too, would be an important ontogenetic and phylo-
genetic bootstrap mechanism. Both iconically (Anikin et al., 2023) and indexically (Kristiansen,
2011) motivated preferences could shape the typological frequency of linguistic features in the

long run.

4.3 Where do we go from here?

I believe the present study, including the SSPG and its overall experimental design, provides a
useful template for further studies and constitutes a promising step towards investigating in-
dexical and iconic effects in language attitudes for many different sounds and other features of
language. There are a few limitations of the present study that future research should keep in
mind.

First, one obvious possibility is that /x/ may not have been salient enough to produce
strong effects. Given the experimental setup, however, I consider this unlikely. About 20 of 100
words in each stimulus contained /x/, and as discussed in Section 2.3, much research shows
that listener evaluations drastically change based on even just one single token of a phonologi-
cal marker. Of course, this experiment removed as much real-life social context as possible,
using constructed language and a fictional context. Listeners learn indexical associations likely
due to the relative salience and social value of a given trait in a given context (Li & Roberts,
2023; Racz et al., 2020). Social salience even modulates speech perception itself, so that listeners
categorize the same sound as different phonemes (e.g., TRAP or LOT) depending on its connec-

tion to different social personas (D'Onofrio, 2018). This means that by taking real-life context
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away we intentionally weaken indexical effects. It is even more striking, then, that social varia-
bles turned out to be strong predictors of rating in the present study.

Second, this experiment is also subject to the usual limitations of rating studies, most
prominently the social desirability bias. Participants are hesitant to expose their racism,
classism, and of course linguicism (see, e.g., Mooshammer et al., 2023, p. 24). This study tried
to mitigate this bias by using a story about unknown robots from space. For rating synthetic
language, researchers face the additional challenge that phonetic realizations always vary with
language optimization (as explained in Section 2.1). This experiment embraced this reality con-
sciously by using multiple language optimizations. But that also means that there was variation
between languages. For example, Dutch voices would not realize /w/ as [w], which accounting
for borrowings exists in Dutch, but they would consistently produce [v], even when forcing
Polly to realize the sounds as intended with IPA transcription in SSML tags. An individual
participant always listened to stimulus-control contrasts within one voice and within one lan-
guage optimization (see Section 2.3), which meant the experiment was able to include language
optimization as a covariate in the statistical modeling (see Section 2.5) as a strategy to mitigate
against this limitation. Manual checks of the sound files also revealed that realizations of /x/ as
[¢] instead of [x], which could have been expected due to allophonic variation in some of the
optimizations’ languages, did not turn out to be a systematic error (with very few exceptions
for only some tokens preceding /i/ in some German and Dutch voices). Still, it could be inter-
esting for future studies to investigate differences in ratings between languages that differ in
their realizations of particular phonemes. It is also conceivable that ratings may differ depend-
ing on the phonological context in which the segment of interest occurs. For example, German
speakers may rate /x/ differently when it occurs in word-initial position, which it does not in
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German. Future studies could introduce different phonotactic rules to their stimuli, or restrict
certain segments to certain positions in different syllable structures, to test such hypotheses.?

Third, future studies are needed to disentangle the effects of exposure and familiarity.
Exposed listeners rated /x/ worse (not better), which I suggested could be interpreted as inter-
nalized stereotyping. However, at first glance, this finding seems to be at odds with the famili-
arity effect, which shows that listeners who indicated they were more familiar with the con-
structed language rated it better. One potential explanation for this supposed inconsistency is
that the exposure predictor may differ in nature from the familiarity predictor. Self-reported
familiarity (i.e., what people feel sounds “familiar”) may tap into a different underlying mech-
anism than exposure measured by listener language experience (i.e., a more objective measure
of the sounds listeners actually encounter in their daily lives). Both linguistic and psychological
studies may find it worthwhile to try resolving this discrepancy between measured and per-
ceived familiarity.

Finally, one major challenge for studies of this type, beyond disentangling different in-
dexical effects, is to decide on which measures are valid measures of indexicality in the first
place, and how they are to be operationalized and implemented statistically. As a reviewer
points out, we would not like to assume that any non-iconic effect that cannot be traced back

to a manipulation of the signal itself is automatically indexical in nature. At the same time, the

? Following the suggestion of a reviewer, I also tested for the influence of phonotactic restrictions by further dif-
ferentiating different types of exposure. I recoded EXPOSURE to a four-level factor: exposed (/x/ occurs both
in syllable-final and -initial position, i.e., Arabic, Spanish, and Polish), less exposed in initial po-
sition (/x/ does not or only rarely occur in initial position, i.e., German and Dutch), least exposed (/x/ does
not occur at all or is extremely rare in any position, i.e., English, Italian, and Japanese), and unclear. The
results show that the category less exposedin initial position patterns in between exposed and least exposed
participants, for both stimulus and control ratings. The intermediate steps from less exposed in initial position
to exposed, and to least exposed, respectively, do not reach statistical significance; neither does the difference
within the condition less exposed in initial position between stimulusand control. The inter-
ested reader can access these additional analyses in the supplementary materials.
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predictors that were selected for this study to represent indexical processes can strongly be ar-
gued to tap into indexicality indeed: As outlined in Section 1, the iconic route assumes that
associations arise due to a shared resemblance between form and meaning, which is why iconic
effects are often hypothesized (with some support, see, e.g., the evidence from bouba-kiki stud-
ies) to be largely independent of environmental background. Consequently, from the iconic
perspective we would expect ratings of the stimulus to significantly differ regardless of partici-
pant background. However, from the indexical perspective participant background is expected
to matter such that what affects the perception of linguistic features is experience. Regardless
of linguistic properties, experience (listeners’ upbringing, socialization, exposure to sociocul-
tural meaning; in a sense, nurture rather than nature) is expected to shape how we feel about
language. This is why the indexical route in the present study is operationalized through vari-
ables like EXPOSURE, RECOGNITION, FAMILIARITY, and the sociocultural background of the lis-
tener (e.g., GENDER).

A challenge of statistical implementation of these indexical measures is the possibility
that these indexical predictors interact with the manipulation (see discussion in Section 4.2 on
the theoretical challenges of keeping iconicity and indexicality apart) and could thus be in-
cluded as interactions. In the present study, only EXPOSURE was allowed to interact with CON-
DITION, since EXPOSURE is coded to be informative about just one of the two conditions (expo-
sure to /x/). Other interactions were not expected; the indexical perspective would not neces-
sarily predict effects to differ based on the signal. For example, we would expect listeners to rate
the stimulus condition better when they think of it as a Romance language and worse when
they think of it as a Germanic language, but we would also expect them to rate the control
condition better when they perceive it as Romance, and the control condition worse if they
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perceive it as Germanic. However, different predictors could still interact with each other re-
gardless of the hypotheses derived from indexicality itself. Additional analyses with new models
including interactions of CONDITION with LANGUAGE, GENDER OF VOICE, RECOGNITION, and FA-
MILIARITY, respectively, confirm many of the already known effects (e.g., that male voices are
rated worse for both stimulus and control) but show that none of the interactions are statisti-
cally significant with the exception of CONDITION x FAMILIARITY: Here, both the stimulus and
the control are rated better with increasing self-reported familiarity, but the stimulus a little
less so (i.e., the effect is a little less strong for the language with /x/). Since the difference is
modest, we should not overinterpret the finding, but we may very cautiously read this as weak
support for the iconic route shining through. If this were true, it could mean that when we feel
a language sounds familiar, the negative effect of /x/ itself inhibits how positively this makes us
feel about that language. The interested reader can access these additional analyses in the OSF
Repository.

A challenge of validity for the indexical measures, at least for EXPOSURE, is that there also
exists a more general exposure effect of the priming type by which listeners rate stimuli better
the more often they hear them (referred to as “mere exposure” in the literature, e.g., Zajonc,
1968). In the present study, mere exposure is not a likely explanation for the effects found, as
more exposed listeners rated the stimulus condition worse, rather than better, than the control.
More fundamentally, however, it is a matter of theoretical belief whether mere exposure should
still be considered to tap into socialization, or if, indeed, exposure to language can ever be de-
void of social meaning. Most sociolinguists would likely disagree with this, and I too tend to do
s0, since exposure, especially as operationalized in the present study (occurrence of the cue /x/
in the listeners” primary language), does not happen in isolation or without context, i.e., it is
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not “mere”. Being exposed to a linguistic feature changes how we perceive that feature so-
cially—even repeating stimuli to someone in a lab could be regarded a form of social condi-
tioning. Exposure to forms and what they mean to humans is in essence an indexical process.
Whatever the case may be, this theoretical point contains an important lesson, which is that
studies like the present one should make as transparent as possible their different operational-
izations of indexicality and iconicity and the interpretations of measures that are supposed to
reflect it. This way, the reader can make a better-informed decision when contextualizing the
results, depending on where they stand theoretically.

Taken together, this line of research could support a “cognitive turn” in attitude research
(Berthele, 2010) that enables us to re-evaluate some of the fundamentals of received linguistic

wisdom, and refurbish its semiotic legacy of both indexicality and iconicity research.

5. Conclusion

Sounds may not only distinguish meaning, they have meaning. But what kind of meaning? And
how does evaluative meaning, and hence language attitudes, emerge? This study explored this
question with /x/ as a test case. Put plainly, it found that /x/ may not be as bad as people think
it is—unless sociocultural factors make it sound bad. This supports the idea of iconicity being
embedded into and constrained by a deeply indexical system.

The study provides a foundation based on which other linguistic features can be tested.
This line of research will provide new insights into the interplay of iconicity and indexicality,
and into the link between sound and meaning. It will also have implications of interest outside
the academic community for the linguistically informed fight against linguicism. The hope is
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that being more informed about why people feel the way they feel about language will, ulti-

mately, help us combat linguicism and linguistic discrimination.

Data availability

The experimental materials, data, and code are available in the OSF Repository.
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