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ABSTRACT

Unclear speech, like mumbling, is difficult to understand for peo-
ple, and even harder for conversational user interfaces (CUI) to
process. Yet, there are multiple reasons why unintelligible speech
is meaningful between humans, playing a critical role in social
dynamics and status signaling that evolved in humans over time
allowing us to form cohesive social groups for survival. For example
in modern times, humans often use such changed speech in order
to make themselves understandable only by in-group members, e.g.
“mumble rap”, while subtly excluding out-group members. As such,
we argue here that future CUIs must be attentive to how people
use various forms of non-standard changed speech (e.g. mumbling,
dialect, slang, inflection) to express themselves, lest CUIs be so-
cially inept. Based on psychological, linguistic, and cross-cultural
research, we point out several major challenges for researchers: 1)
current CUIs typically omit non-standard speech like mumbling
which are critical to human social communication, and 2) in the fu-
ture humans may innately form ingroups with their personal CUIs
resulting in speech behaviors meant to exclude outgroup members
(both humans and machines). Both of those challenges require more
research to address. Moreover, the use of changed speech for status
signaling and ingroup/outgroup (IG/OG) signaling appears to be
a phenomenon that varies across diverse cultures, languages, and
situations, which CUI designers and engineers need to be mindful
of going forward.
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1 INTRODUCTION

1.1 Overview

We have all had the experience of going to a job interview, or other
formal settings, where we had to clearly articulate our speech in
order to present ourselves as polite or educated, in order to make
sure we were understood. That contrasts with how we might speak
with our friends in more casual settings, where we may adopt
different patterns of speech inflection, intonation, rhythm, slang,
and so forth, sometimes to the point of being barely understandable
to others [14, 19]. But that raises an intriguing question: why would
humans ever communicate but not do so clearly? If we were
not going to be understood, would it not be easier to just not talk
at all?

That question suggests that there perhaps may be an advantage
to unclear communication in certain settings, something that goes
beyond the speech content itself, which has implications for the
development of artificial speech agents and conversational user
interfaces (CUI) in the future. For example, in human-human speech,
people often mumble or even omit words because the content of
the message is not always as important as the way it is conveyed
[16, 17]. The ability of the listener to infer the speaker’s intent
when information is missing (e.g. entire words) is one of the aspects
that distinguishes fluent speakers from non-fluent second language
learners [21, 34]. In this position paper, we make the argument that
focusing purely on 100% comprehension with CUI misses the other
“signaling” aspects of human-human communication that allow us
to form cohesive groups to cooperate on tasks. In particular, we
focus on the phenomenon of "mumbling” in human speech, with
an example of mumble rap, and the lessons it can provide for us
toward the development of more immersive user experiences with
conversational agents.

1.2 What is mumbling?

Mumbling in general refers to a lack of clear articulation during
speech, and can be thought of as part of a broader phenomenon of
various kinds of speech inflection and changes in rhythm/intotation
that speakers adopt in certain situations. One useful example is a
genre of music known as “mumble rap”, which illustrates some of
socio-cultural aspects of mumbling.

Mumble rap, as a sub-genre of rap, is most often characterized
by inarticulate lyricism nested within polyphonic soundscapes, but
also refers to a generation of hip hip artists that often self-publicized
their work online first on platforms like Soundcloud with “raw”
recording quality ! [5, 6, 32]. Names include Lil Yachty or Migos
in the U.S. to Yung Hurn in Austria; these artists’ challenge is less
focused on semantic content and more on the affective style of

!http://www.soundcloud.com/
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delivery; in parallel, their global audience engages with their music
as a highly integrated experience across diverse online and social
media platforms to keep up with artists, such as moving across
Instagram, Soundcloud, and more [13, 23, 36]. Hence against the
established backdrop of hip hop as a form of political expression
of the oppressed claiming their linguistic identity and empower-
ment, mumble rap is interpreted to have emerged as a further act of
subversion, prioritizing performative delivery (with online-offline
fluidity) rather than lyrical mastery, going against the “clean”, artic-
ulate use of spoken language, resisting white supremacy [13, 32, 38].
Mumble rap internationally has a comparatively apolitical, mun-
dane dimension on what artists choose to rap about if only lyrical
content is considered [23].

There are two ways of thinking about group identification in
mumble rap, i.e., 1) the broader oppressed vs. oppressor dichotomy
that was already present in the history of hip hop, but newly 2) the
post- vs. pre- Soundcloud generation of rappers, in which “mumble
rap” was first used as a derogatory term by the “old guard” to refer
to the younger generation of artists that are comfortable mixing au-
totune and phonetic reduction in speech (such as “should have” to
shoulda). The focus is on their creative act of delivery that surpasses
the online-offline divide as “digital natives” establish themselves on
social media and music platforms to produce and consume music.
Thus, what is communicated is beyond the literal semantic content,
i.e., what, to the meaning-making at the performance level of rap,
which forms a generational movement through and with technol-
ogy, be it in the production, circulation, or consumption (such as
autotune and Soundcloud) of rap i.e., how. The establishment they
fight is no longer just white supremacy?, but established rappers
that dictate what consists of the “right” way to rap.

1.3 Language and InGroup/OutGroup Signaling

The previous section illustrates that speech alteration, such as mum-
bling, can often be used by humans as a form of signaling group
identity or status, distinguishing "us vs. them". That can be more
broadly connected to the concept of ingroup vs outgroup (IG/OG)
psyschology and its well-known effects on human behavior. In short,
humans like many primates are highly social animals that depend
on cooperation for survival. IG/OG pyschology is thus thought to
be core component of how we evolved to form cohesive groups
[3, 18, 27]. For ancient humans during most of our evolutionary
history, being kicked out of the tribe meant death, and strangers
from outside the tribe represented potential danger.

Given that, it became necessary for humans to use status signal-
ing to indicate both group membership and our relative position
within the group. As detailed in Section 2 below, that has been
the focus of much research in recent years. Some of that research
also focuses on how language in particular is connected to IG/OG
related signaling, including use of "covert signaling" through subtle
changes in speech [35].

Zhttps://www.theatlantic.com/politics/archive/2017/10/the-language-of-white-
supremacy/542148/
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Figure 1: Future "mumble rapper" CUI robot, as generated
by Bing (Dall-E) Commons. (https://www.bing.com/images/
create).

2 RESEARCH EVIDENCE
2.1 Psychological Research

As mentioned above, there is significant research into IG/OG signal-
ing within the fields of psychology and human evolution, related
to how humans form cohesive social groups to survive [3, 18, 27].
Those groups typically use markers, either visual or linguistic, to
distinguish themselves from "others". Indeed, even the largest social
groupings amongst humans (e.g. nations, tribes) are often demar-
cated by language or dialect boundary [31]. Interestingly, there
appear to be antecedents for such "us vs. them" behavior in other
primates, such as macacques and chimpanzees [25]. For example,
chimpanzee groups are known to use unique "pant hoots" to distin-
guish groups from one another, particularly when different groups
are living close together [9].

Similarly in humans, such ingroup biases are present in small
children at adult-like levels even early on in their development
before any formal schooling, indicating that IG/OG is an ancient
innate component of human survival strategy embedded within
our behavior via evolution [12]. Such ingroup biases appear to have
a neurobiological basis, involving modulation of oxytocin release
that increases trust and empathy towards the ingroup (or signals
related to it) while dampening it toward the outgroup [11].

The above psychological aspects manifest in human behavior
often in the form of signaling. Such signaling may take the form of
visual status symbols (e.g. a crown or fancy watch) or verbal com-
munication [8]. For the latter, such verbal signaling may involve
the use of different vocabulary, grammar structures, or manners of
speech (e.g. accents). In some situations, humans even use subtle
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forms of covert signaling that are deliberately intended to be de-
tectable only by the in-group, but oblivious to the out-group [35].
Any of us who have raised teenagers certainly have witnessed their
use of esoteric slang to communicate amongst themselves with-
out nearby adults fully understanding (e.g. "No Cap", "YEET"). In
general, covert signaling is particularly interesting in that it allows
humans to signal status and identity to other in-group members in
subtle ways that may be beneficial when individuals are members
of multiple overlapping but distinct groups. That maintains the
ability for individuals to still cooperate with other groups later but
not alienate their primary in-group, which may be advantageous
[35]. We know that signaling is not just about group membership
identity, but also maintenance of one’s status within their in-group,
even amongst chimpanzees [27]. Mumble rap (and mumbling in
general) may in fact be one form of covert signaling among humans.

2.2 Linguistic Research

There is ample research from linguistics that may shed some light
on how exactly mumbling is a form of covert signaling. In particular,
studies of L2 second language learners have shown they tend to over-
compensate their words when speaking in their second non-native
language and exhibit more rigidity in pronunciation until they
reach a certain level of fluency (even though their pronunciation
may not be entirely correct). This is in contrast to native speakers,
who exhibit more fluid pronunciation that can be seen as under-
compensation, which impacts both their speaking and listening
skills [24]. Interestingly, L2 speakers also often have difficulties
when interacting with CUI agents for the same reason [40], as do
children [28].

For our purposes here though, such under-compensation and
over-compensation may help us understand the role of mumbling
as a form of covert signaling. Given the above, it makes sense that
native speakers of a language or dialect may in some situations
purposely (or subconsiously) "under-compensate” their speech in
order to exclude nearby non-native out-group members who speak
a similar language/dialect [15]. In other words, they can subtly
exclude the out-group members without seeming like they are, by
making their speech more difficult to understand for anyone below
native-level fluency.

Fluent-level bilingual speakers are an interesting argument for
the above hypothesis. Existing research has shown that such bilin-
gual speakers often report feeling "schizophrenic” when code switch-
ing between two of their languages, as if they were an entirely
different person [33]. That suggests language, and the speech pro-
duction thereof, is deeply embedded in humans’ cognitive processes
[2]. Beyond that, we know some forms of speech may be associ-
ated with kinds of self-identity, e.g. masculinity, and thus serve
as important markers within our own sense of self [7, 29]. Indeed,
research has actually shown mumbling is more common amongst
men, and thus there could be argument made that mumbling is
somehow associated with perceptions of masculinity [39]. In a simi-
lar vein, there is other research showing that mumbling is a form of
stress-response in some individuals due to various forms of distress,
e.g. PTSD [10]. Suffice it to say, the act of mumbling seems to be
a behavioral response to a person’s lived experienced, manifested
through changes in speech production.
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2.3 Cross-Cultural Research

Of course, one must also take into account that there are cultural
differences in the way different groups of humans signal status and
identity. The clearest example of this is the difference between East
Asian languages (e.g. Korean, Japanese) and Western languages
(e.g. English, German). In short, East Asian languages are high-
context languages, requiring the listener to use more context to
distentangle otherwise ambiguous communication [26]. In such
languages, status and group identity are directly embedded into the
language grammatically, which can alter the meaning of a spoken
sentence in various ways. That is in contrast to Western languages
like English that are low-context, requiring the listener to do less
guessing based on context [41]. From a more personal standpoint,
the authors of this paper know those differences well, as we are all
fluent speakers of both English and Korean.

Interestingly, research in Western cultures across European lan-
guages has shown that individuals still use vocal cues to deter-
mine the the status of the speaker (e.g. white collar vs. blue collar)
[4], so it would be incorrect to infer that status is unimportant
cross-culturally. Rather, a better interpretation may be that how
status signaling manifests differs across cultures. Moreover, other
research has shown that sometimes the exact same verbal signal
in one culture may be interpreted differently in another culture
[37]. This indicates that there is a significant cultural component
to understanding how humans signal status and group identity.
However, whether that affects the use of specific speech changes
such as mumbling by different groups of humans is something that
requires further study. There is currently a dearth of research on
the subject.

3 DISCUSSION

While CUIs like Alexa are now designed for understanding clearly
written or spoken speech, understanding intentionally unclear
speech that is full of contextual cues and meaning is an open chal-
lenge. We used the example of mumbling and mumble rap for
communication in order to illustrate how language and culture
evolve in often unexpected ways. Subsequently, how future CUIs
should then be designed as artifacts that humans interact with and
grow with needs to be mindful of changes in expressive speech that
"break the rules" of typical spoken language. Which leads us to our
first provocative point:

e Provocation #1: The current approach to the design of
CUI systems often omits non-standard forms of language
(e.g. mumbling), which are critical parts of human social
communication.

After all, the whole point of language is communication, not
the rules or grammar used to accomplish it. This brings us back
to our main question from Section 1 ... why do people mumble in
the first place? Why would humans ever communicate but not do
so clearly? The research evidence discussed in this paper suggest
possible answers to those apparent contradictions. Perhaps people
would mumble-rap to their Alexa, or other CUIs, in certain settings
and scenarios (e.g. for IG/OG signaling). Understanding the reasons
why they might do so has deep implications for how we think about
the design of CUI in the future, which was brings us to our second
provocation point:
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e Provocation #2: People in the future will form an "in-group”
with their CUI devices, like Alexa, and engage in speech
behaviors meant to exclude other people.

If that indeed happens, it may necessitate CUI systems to behave
differently than currently envisioned, with a focus on more subtle
cues rather than the speech content itself, in order for the CUI to
respond in socially-appropriate "in-group" ways. It also suggests
an urgent need for more research on how groups of people interact
with CUISs, rather than the common trend of one-on-one speech
interaction research. As pointed out in Section 2, IG/OG psychology
is deeply embedded in human behavior, and thus CUIs may be best
viewed as a sort of "extension" of the social group. That may lead to
humans using particular speech behaviors (e.g. mumbling, dialect
use, intonation) with different CUIs depending on whether the CUI
is viewed as part of the in-group or out-group, or even to purposely
exclude nearby out-group humans from the conversation. Though
the prevalence of such phenomenon may vary from one location
to the next, which brings us to our third provocation point:

e Provocation #3: The use of status signaling cues will vary
across culture and situation, and without understanding such
variation CUI systems will be socially-inept.

All human speech, after all, is inherently social behavior. And if
we assume the framework of Clifford Nass, all CUIs are thus "social
actors" [30]. Lest we intend to build socially-inept CUI sytems to
deploy into the world, CUI must be aware of the socially-situated
context in which they inhabit. This connects to the broader fields
of human-computer interaction (HCI) and human-robot interac-
tion (HRI), which has spent the past couple decades revealing how
variation across culture, gender, and situation (e.g. work environ-
ment vs. home setting) impact human interactions with technology
[1, 20, 22]. In short, what makes sense in one environment may
make zero sense in another environment. That affects everything
from robots to mobile devices to digital user interfaces, and is cer-
tain to impact CUIs as well. To our point here, it is very likely that
changed speech behaviors (e.g. mumbling, dialect use) related to
status and/or identity signaling will be used differently at different
times by different people and by different cultures (see Section 2.3).
Thus, for CUIs to be truly "socially intelligent”, that will require
them to understand the contexts within which those speech behav-
iors are appropriate, both in terms of understanding the social cues
the human is attempting to convey to the CUI as well as potentially
even the CUI utilizing changed speech itself.

There are a number of potential solutions to the challenges de-
scribed in the above provocation points. First, the CUI community
could pursue more research with CUIs deliberately designed to uti-
lize changed speech (e.g. mumbling, dialect), the extent of which
could be modulated (or even completely turned on/off) for experi-
mental reasons. That may include both the production of changed
speech by the CUI, as well as giving the CUI the ability to under-
stand human uses of changed speech. An additional question may
be whether it is necessary or not to utilize localized machine learn-
ing models (versus universal ones) to adapt CUIs to engage with
specific in-groups (e.g. social cliques at work or school). Second,
the community could pursue more cross-cultural studies of parallel
CUI speech systems in multiple languages, i.e. systems designed to
produce roughly the same semantic “meaning” in similar scenarios
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across two or more languages despite grammatical/idiomatic differ-
ences in semantic construction that would cause direct translations
to fail [2]. Such an approach would allow for direct comparisons
of verbal status signaling across cultures (including mumbling)
in the context of CUI interaction, which could later be used to
create culturally-specific forms of changed speech onboard CUIs.
Similarly, another intriguing avenue could be to explore CUI in-
teractions with human bilingual speakers, to investigate whether
language “code-switching” initiates shifts in signaling behavior.
Third, the community could pursue experiments designed to in-
vestigate human-CUI interaction scenarios where emergent IG/OG
behavior may be triggered. There is already a large body of research
on human-human interaction scenarios related to such behavior
from the psychology field, which could be used as templates for CUI
research. In particular, we need more research involving multiple
humans interacting at the same time with a CUI, or potentially
multiple CUIs, to investigate group behavior dynamics in those
situations.

There may of course be other possible solutions as well, so the
above represent just a few starting points for further discussion.
Regardless, any potential solution, including those above, will likely
require multiple research steps to address ... what precisely those
steps may entail is a debate we leave for the CUI community to
have.
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