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The general approach the framework provides has been used for

KEYWORDS
basic research in the United States and China, and has proven useful

In-car human—machine

to researchers and designers. We discuss specifically how the interaction; speech system;
approach can develop and implement speech-enabled human— voice-user interface;
machine interface (HMI) systems to address cultural features of ethnography of
communication and interaction. The general framework unveils the communication; cultural

cultural nature of human—machine communication, while it also discourse
opens the possibility of discovering new cultural dimensions and

principles which designers may not yet have considered. The

approach is adaptable to a variety of communication contexts, with

our focus here on the in-car communication of drivers with a
speech-enabled HMI. Specific findings are briefly discussed including
implications for research and design.

Relevance to human factors

More frequently today, speech is an integral part of a driver’s interface with their car; Speech allows
users a natural, minimally intrusive, and efficient way of interacting with their car. However, speech
itself poses a unique design challenge since, in this interface, ways of speaking are linguistically
variable and culturally shaped. This sort of variation and shaping needs to be understood if users’
experiences are to be satisfying and safe. This article provides a theory and methodology for empiri-
cally studying and designing this interface in ways that are sensitive to users’ cultural expectations
and more pleasing to them in the communication situation of the car.

1. Introduction

Extensive research has documented how the cultural nature of communication varies both
within and across regions of the world (Carbaugh 1990, 2005; Hymes 1972; Philipsen
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2002). Speech-enabled human—machine interface (HMI) design needs to take into
account this variation in user understandings of and preferences for different ways of
communicating in different cultural contexts. Literature provides evidence for such cul-
tural aspects of preferred and effective user interaction, though no theoretical framework
exists to formally study cultural dimensions and their design implications in the automo-
tive environment (Tsimhoni, Winter, and Grost 2009). In this paper, our primary purpose
is to discuss a framework we developed for researchers and designers to study speech-
enabled HMI systems. This framework, or perspective for inquiry, is designed to discover
the cultural nature of communication in contexts, while it also positions investigators to
discover new cultural dimensions and principles which designers may not have consid-
ered. Although our framework can be adapted to a variety of communication contexts, we
focus here on in-car communication of drivers with a speech-enabled HMI.

We begin with an overview of key concepts. Then, we introduce how these offer synergy
with User-Centred HMI design principles. In the end, we demonstrate briefly the leverage
our approach offers by discussing two results of our field studies concerning user interaction
styles and how these resulted in re-designing HMI systems to accommodate user preferences.

We want to mention at the outset our concern about driver safety issues. A major concern
of any interface design must be the maximal reduction of interference with the task of
driving. Barén and Green (2006) and Peissner, Doebler, and Metze (2011) discuss the bene-
fits of using a speech-enabled system for driving performance, but they also mention the lim-
itations of such a system. The quality of the system’s design has a substantial influence on the
potential for increasing drivers’ safety. Therefore, the performance of the speech recognition
system is crucial (Cooper, Ingebretsen, and Strayer 2014; Kun, Paek, and Medenica 2007).
Equally important is the interface design itself for keeping the complexity of today’s in-
vehicle applications at a safe level (Zhang and Wei 2010), thereby avoiding driver confusion
during communication (Cooper, Ingebretsen, and Strayer 2014; Maciej and Vollrath 2009).

Our studies have drivers using the most user-friendly, voice-activation possible. Fur-
thermore, all have been conducted with drivers in their own cars, driving roads familiar
to them which they select. This keeps drivers in their most familiar environment both
within and outside the car. The framework that follows explores how driving and voice-
activation work best together (and how they do not). While we do not intend to study
cognitive workload directly, we aim for the design of a culturally appropriate experience.
This will contribute to users’ increased feelings of intuitiveness and naturalness in the use
of such systems including turn taking, interaction style, error recognition and correction,
among others. Our framework thus holds potential for reducing user confusion and
unnecessary complexity. The eventual contribution of our studies to safer driving will
result from our field studies and data analyses presented in the following.

2. The theoretical framework

In order to conduct field research, we have developed a theoretical framework for investi-
gating the cultural dimensions and principles of communication which influence the dif-
ferent degrees of success people have in dialogue with a machine. This theoretical model
includes a methodology for studying in the field culturally driven user expectations, deci-
sions and behaviours, as users interact with speech-enabled in-car systems. The general
approach, the theory and the methodology, is designed to be used, and has been used in
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specific regions, nations or communities, of the world (see for example Milburn 2015;
Sprain and Boromisza-Habashi 2013).

2.1. The car as a communication situation

In order to understand cultural variations in the in-car HMI, we treat the car, interactions
within it, and about it, as a ‘communication situation’.! In other words, we understand
the car to be a situation understood through communication, and further, we understand
communication situations to be at their base, culturally variable. On these bases, we raise
primary and fundamental research questions: What communication practices do people
in fact do (and want to do) while in the car? Alternately, how do people talk about their
car? How are these practices, and how is this talk culturally shaped and meaningful?

Our central construct, communication situation, includes several ingredients which we
explore in response to these research questions: (1) the car is a place where people com-
municate with each other and with the car itself — in cultural ways; (2) the nature of that
communication is done in ways which are distinctive to each speech community in partic-
ular; (3) those ways are structured through expressive norms, in other words, people want
the interaction in, and with, the car to get done in some ways rather than in other ways;
and (4) those distinctive ways, and those norms, activate users’ preferences. This is a
sketch of the logic in our framework, which we ground with this construct of communica-
tion situation, and which we research specifically for human—machine communication
with an in-car speech-enabled HMI.?

2.2. In-car communication events

Within the automotive communication situation, there are specific sequences of acts that
can be understood as ‘communication events’ (see Figure 1). In other words, each cultur-
ally situated, communication situation supports some communication events, rather than
others. We understand a communication event to involve a sequence of communication

Car as Cultural Communication Situation

Sequential Communication Acts

Verbalacts | Norverbal | Termsof

Devices

Figure 1. Central concepts in the model.
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acts, which — from the participants’ view — has integrity as a sequence. For example, get-
ting the car to play music by the Beatles can be understood as a communication event, as
is getting the car to identify the closest-cheapest gas station, or similarly, getting directions
to that gas station, or making a phone call. Each such task requires a sequence of commu-
nication acts, which participants understand to have some degree of cultural integrity —
that is, it can (and should, they think) be initiated and completed in some ways rather
than others.

From the view of our framework, we are using a nested conceptualisation with commu-
nication situations including communication events which hold within them communica-
tion acts. We are developing the related point that communication acts in and about the
car occur within events as ‘cultural sequences’. In communication, parts of sequences are
often identified by the language of participants as ‘greetings’, ‘exchanging pleasantries’,
‘thanks” and the like. Each sequence has some familiar flow or some sort of integrity to
participants. Knowing the cultural sequences and the flow of a particular communication
event, including how it is frustrated and/or corrected, as part of the larger communication
situation, can add a deeper understanding of the communication people produce in the
car. This is the logic in brief of our framework.

Within a communication event there are several types of ‘communication acts’ we pre-
sume to be quite important to understand as humans interact in, and with a car. Some
such acts are opening, directing, addressing and referencing, closing and, also, repairing
trouble. All occur within the natural and routine flow of interactions and involve cultural
features such as specific forms, contents and meanings.

Together with communication act sequences, our framework is designed to explore
important extra-linguistic, multimodal cues. A few types of cues are gestural or tactile
uses of the interface, facial expressions and other nonverbal cues. These cues can
include both prosodic features (intonation, stress, pitch, register) and paralinguistic
aspects (tempo, pausing and hesitation). These are purely indexical — or strictly tied to
situations — because they do not necessarily have propositional content or context-free
lexical meaning, but instead signal context-specific information. Different cultures have
different ways of using or interpreting these ‘contextualisation cues’ (see Gumperz 1982).
If not properly understood as such, or if not considered as part of the communication sit-
uation, such cues can lead to misunderstanding.

A key concept coupled with multimodal cues is ‘conversational inference’ (see
Gumperz 1982, 1992; Carbaugh 2005). This concept brings into view how participants
assign meaning to nonverbal cues within the on-going rhythm and flow of communica-
tion events.

2.3. Design dimensions for speech-enabled HMI

Communication practices we are discussing here give a particular understanding to prac-
tical matters of HMI interaction design — which will become clearer in our discussion
below.” For now, consider that HMI interaction designers and researchers often develop a
list of characteristics and parameters from daily work and experience by asking which of
these are in question and which may vary cross-culturally. These practices or parameters
are listed within our framework as dimensions of design in a way that they are observable,
measurable and/or qualitatively identifiable in field data. The following summarises
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several such dimensions which we have explored on the basis of our model. Each identi-
fies potentially valuable information about cultural variability in speech-enabled HMI.
Our purpose in listing these is to demonstrate how our framework embraces and develops
a wide range of such dimensions:

e User satisfaction: What do users think of the system? What parameters, behaviours
and instances lead to this opinion about the system?

e User trust: When and why do users trust or not trust the system?

e Ease of use: How well and intuitively can users understand the interface in a short
time? What is easy? What is difficult?

e User content: How does the user find that the system deals with user content, such as
contact lists, navigation data, local radio stations, etc.?

e User interaction style: How do users prefer to interact with the system? What is
their personal communicative style? How do they expect the system to respond?

® Multi-modal use: Which modality do users prefer in what act or event? While driv-
ing on the road, are there things that a user feels he wants to do by touch, gestures,
tactile or other modalities instead of speech? Do users feel that the visual feedback
supports or is aligned with the voice interaction? What is irritating or misaligned
rather than supportive?

e Cooperative principles: In the interactions between the user and the system, what
practices make the system cooperative or not cooperative?

e Turn taking: Does a user know when it is his turn to interact with the system? In
which situations does the user find it unexpected when the system responds or fails
to respond to the user? How fast does a user take a turn? How fast should the system
respond?

® Grounding: Do users think that the system and they have a shared understanding
about the user requests and the system’s capabilities to answer the requests? When
do misunderstandings, conversational misalignments and points of confusion occur?

e Conflict resolution: How do users find the system at dealing with repairs or
misunderstandings?

e Control handling: When do users want the system to take initiative in
communication? When does the user want to be in control?

¢ Information distribution: Do users want to tell the system their request in one
utterance or rather let the system guide them and ask what it needs to know, even if
the dialogue is longer?

e Audible feedback: How do users find the wording of the responses? How do users
find the quality of the system’s voice?

¢ Context dependency: How does user behaviour and expectation depend on the driv-
ing situation or environment?

Interaction dimensions of design such as these, concern the verbal and/or non-verbal
communication practices of the user while he/she is involved in a communication
situation — or while executing a sequence of communication acts with the goal of com-
pleting a task. Each shows communicative practices that express an understanding,
expectations and continuous learning of how the in-car interface works and communi-
cates back. Therefore, while observing and analysing the user’s communication practi-
ces in the car, we can learn about the user’s expectations, seeing in an exacting way
dimensions of interface design. In the end, as a result of these studied observations, we
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can derive design recommendations for interfaces in the in-car communication situa-
tion. Thus, we ground all design questions and areas in the framework of the larger
communication situation, with special attention to specific communication events and
acts. With this focus, we are attentive to local norms or preferences which we theorise
as follows.

2.4. Norms in communication situations and events

As we have already noted, communication situations and events have been defined as the
activities, or aspects of activities, that are directly governed by rules or norms for the use
of speech. The concept of communication event draws attention to ways participants go
about doing each interaction sequence and emphasises that each can be done in a proper
way according to participants’ preferred conduct within the car.

Norms are ‘statements about conduct which are granted some degree of legitimacy by
participants’ (Carbaugh 2007, 178). They are messages about ‘correctness’ that may be
stated explicitly by participants or they may be more implicit as a dimension in the struc-
ture of participants’ practices. In our view, a norm includes the essential element of an
‘ought’ or a ‘should’. In this sense, communication norms tap into a moral domain of
practical action, practices which people believe should be conducted in some ways, rather
than in others. This way of understanding communication norms, then, is not simply a
description of a regular or normal routine (i.e., the thing people routinely do), but of a
normative practice (i.e., what people believe should or should not be done).

Communication norms, as practical actions, can of course vary in their force (see
Philipsen, Coutu, and Covarrubias 2005; cf. Jackson 1965, 1975). As we adapt Jackson’s
early ideas, the concepts of intensity and of crystallisation help distinguish the variety of
dimensions in and types of communication norms.

e Intensity: How strongly do people feel about the normative practice? On a 1—7 Lik-
ert scale , a bi-polar distribution with half at 6—7 strongly liking it, and half at 1-2
strongly disliking it may be possible. The intensity, then, regarding this norm is
strong, with respondents registering the strength of their feeling at the extreme ends
of the scale. Of course, if most respondents were in the 3—5 range, we discover that
people report not feeling very strongly about this norm, or it is rather weak in its
intensity.

e Crystallisation: Through such analyses, we can know further if there is or is not gen-
eral agreement with regard to this practice of communication. When there is a bi-
polar distribution in the results — as when some favour it while others do not - the
norm would have, as discussed earlier, a high degree of intensity since people feel rel-
atively strongly about it, yet a low degree of crystallisation since people do not agree
on how it should be done.

Again as we adapt Jackson’s earlier ideas, there are three types of communication

norms which derive from these dimensions of intensity and crystallisation:

(1) Conflict Potential: These are norms with high intensity and low crystallisation.

(2) Normative Power: These are norms with high intensity and high crystallisation.

(3) Vacuous Consensus: These are norms with low intensity and high crystallisation.

Knowing what the topical matters of concern are for participants and which norms
are associated with these matters, with what degree of importance, enables us to design
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a communication environment which people feel is more their own, closer to the
expectations and desires they hold. We refine our understanding of these situations by
examining particular communication events including the norms or rules active within
them.

The key objectives then, of the framework, are several: (1) to discover specifically how
in-car communication gets done; (2) to describe HMIs generally, as communication situa-
tions which are culturally distinct and therefore cross-culturally diverse; (3) to interpret
participants’ meanings of communication in these situations; (4) to study comparatively
the nature of communication in these situations; and (5) to provide guidance in the design
of communication in these situations.

We now discuss our methodology, generally. Our purpose here is to cast our treatment
of the methodology as unattached to a particular field site thereby demonstrating its utility
in any field site around the globe. We do note the framework and methodology have been
fruitfully used and developed in the United States and in China (see Milburn 2015;
Molina-Markham et al. in press; Sprain and Boromisza-Habashi 2013). Our treatment of
the methodology is in two sections, the first focused on overall field design and data col-
lection, the second on three phases of qualitative data analysis.

3. Research design: data collection in the field

Since human—machine interaction depends to a large extent on the communication situa-
tion, its communication acts, events and norms, we consequently need to create an envi-
ronment in which users are able to act as natural as possible if we want to observe their
practices, in this case, in the car environment. Any field study design must, therefore, be
guided by the principle of ‘ethnographic or naturalistic inquiry’, observing users in their
natural car environment, driving where each wants, acting as each would like and inter-
acting with the car and its HMI in their preferred ways. Our general methodology involves
a sequential research design in four general phases, with each phase involving a specific set
of activities from the researchers’ activities prior to entering the field, to activities com-
pleted after leaving the field (see Figure 2).
Pre-fieldwork Activity: This phase of a project involves several activities, which are pre-
liminary to doing the fieldwork itself. It is crucial to be as knowledgeable about a
field site as possible. If there is a literature available about the site, then it can and

*Field site reading
sResearch design
*Conceptual analysis

Prefieldwork

Figure 2. A brief portrayal of the field methodology.

*Descriptive,
interpretive, and
comparative analysis

*Report writing

sCritical assessment

Post-fieldwork

Fieldwork

*Field preparation
eData generation
|nitial data analysis

*Matching design
dimensions and
findings

eDesign

recommendations
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should be consulted. What is the history of the area, its people, its economy, driving
tendencies, occupations and so on? It is helpful to have some local knowledge about
where one is going and who are the participants in the field study. A second set of
activities involves preliminary planning about the fieldwork itself. According to the
special focus envisioned, a preliminary conceptual map can and should be formu-
lated. Focusing on specific concerns establishes a theoretical position from which to
observe communication in (and about) the car. This equips one for study and reflec-
tion while in the field, enables a systematic approach to one’s observations, as well as
provides ways of designing interviews (and eventually cars). We emphasise that this
conceptualisation — the framework and interview protocol — is not a closed design,
to go unrevised after one is in the field, but an open, yet structured design to be
reflected upon and revised as needed based upon subsequent field activities.

Fieldwork Activity: This phase of activity involves periods of observation, in this case
of communication in the car itself. Observations such as these inevitably lead to
subsequent questions that researchers want to ask participants. The accumulation
of a descriptive record about observational and interview events creates a large cor-
pus of data, which then needs to be analysed. The analysis involves the distinct
modes of investigation discussed in the following section.

Post-fieldwork Activity (A): During this phase, researchers conduct detailed descrip-
tive analyses first, and then, conduct detailed interpretive analyses. The activities
conducted after leaving the field involve deeper phases of analysis. These analyses
lead, often, to additional questions about the dialogic in-car dynamics observed, or
heard about while in the field. This phase of the research can lead, when possible,
back to the field for more detailed observations and analyses. It can also lead to fur-
ther studies, which are conducted under modified conditions, for example in a con-
trolled experiment focussing on predefined parameters for observation, or in a
simulated driving environment.

Post-fieldwork Activity (B): Conduct comparative analyses, and critical assessments;
write empirical field research reports; offer interface design and policy recommen-
dations based upon findings. These final phases of a field project are crucial as each
creates a sharper view of the cultural dimensions of communication getting done
in, and about the car. These are often better understood through comparative anal-
ysis, for instance, by conducting the field studies in different cultures. Note, and we
emphasise, that the phases we present here are sequential in their design, but cycli-
cal in their possibilities. A phase of fieldwork can result in revising one’s earlier
conceptualisations; post-fieldwork activities can lead one back to the field focused
on other observations, with different questions; writing a report can lead to its pre-
sentation, with that presentational event being an occasion for subsequent observ-
ing and interviewing; and so on. The general research design is linear but its typical
implementation is cyclical (see Carbaugh and Hastings 1992).

3.1. Field data analyses: descriptive, interpretive, comparative

In our discussion earlier, we have discussed one key purpose of our framework, collecting
data in the field. Here, we address three — descriptive, interpretive and comparative -
ways those data can be subsequently analysed.



Downloaded by [Brion Over] at 17:21 08 December 2015

THEORETICAL ISSUES IN ERGONOMICS SCIENCE (&) 9

The above framework focuses on the car as a communication situation, and within it,
specific events and acts which are culturally shaped. But how are these to be analysed?
Here we provide a set of components for such descriptive analyses. For such descriptive
analyses, there are eight basic components we use to analyse a communication situation,
event or act (see Hymes 1972; Carbaugh 2012). We will use the concept, communication
practice, here, as an umbrella construct, which includes the concepts above, such as com-
munication situation, communication event, communication act, and all of the dimen-
sions we discuss of the HMI design. Following the central objectives of the framework we
discussed earlier, the following components are used initially to describe the communica-
tion that is happening, and then subsequently to interpret the meanings of that communi-
cation to participants. The components also provide a basic general set of elements for
comparing communication practices across communities, nations or scenes.

For an initial descriptive analysis, the components function as a series of questions to
be asked about communication practice, thereby discovering how communication is done
within and about the car. We summarise this descriptive use of the components as follows:

(1) Setting: In what physical environment is the communication taking place?

(2) Participants: Who is involved in the communication practice?

(3) Ends: This component has two parts: What are the participant’s goals of the prac-
tice (e.g., to send an email)? What are the outcomes of the practice (e.g., the email
was sent, or the effort to do so was unsuccessful, or the user got irritated at the car)?

(4) Act/Sequences: What specific communication acts are getting done, and in what
sequence?

(5) Key: What is the emotional pitch, or tone of the communication (e.g., perfunctory,
serious, frustrated)?

(6) Instrumentalities: What multiple mode(s) or cues is being used in this communi-
cation (e.g., voice, gesture, pressing or touching a button)?

(7) Norms (see last section): What are the norms — stated and/or implied — for this
interaction?

(8) Genre: Is there a generic form to this communication practice which participants
use, and if so, what is it?

These eight components provide a basic investigative framework for analysts to system-

atically describe any communication practice, such as communication in and about the car.*

Our general methodology is designed in distinct phases. A second phase of analysis
focuses on interpretive inquiry. During this phase, the above framework (along with an
additional set of analytic procedures) will again be used, but this time to interpret the par-
ticipants’ meanings of the communication practice described earlier. In other words, the
same concepts can be used as follows:

(1) Scene: What do participants say is ‘going on’ in this setting, through this communi-

cation practice?

(2) Participant identities: What culturally significant roles, identities or relationships
are active in this practice, from the participants’ view?

(3) Ends: What are the goals and outcomes sought by participants in this practice, in
their own terms?

(4) Act/Sequences: Is there a regular routine, and perhaps an ideal routine, or act/
sequence for doing this? What is it? How ‘relaxed’ or strictly formulaic is that
sequence?

(5) Key: How do participants interpret the feeling of this practice?
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Field Data Analysis HMI Design

8 components: Setting, Participants, Ends, Sequences,
Key, Instrumentalities, Norms, Genre

User satisfaction
User trust

Ease of use

Turn taking
Grounding
Control Handling

Descriptive Interpretive Normative

How is What is the Practice has
communication participants’ - Normative
practice done meaning of the power
by participants? practice? - Conflict
potential
- Vacuous
consensus?

Multi-modal use ...

Which dimension is
relevant to a practice and
its normative character?
How can we derive
answers for design?

Figure 3. Analysis method of field data.

(6) Instruments: What are the necessary, and/or preferred modes or channels for

doing this activity?

(7) Norms: What norms do participants employ for interpreting this activity?

(8) Genre: Is there a generic cultural form active here, and can it be identified by

participants?

In this second step, as in the descriptive analysis, the HMI design questions will be
consulted to extract HMI-relevant insights from the data such as user interaction styles,
and the preferences associated with those insights, which we discuss later in the article
(see Figure 3).

The eight components in relation to the HMI design dimensions are being used here,
then, in two ways; first, to describe the activities in the car mainly from an analyst’s point-
of-view; then to investigate, and unveil the participants’ meanings of those communica-
tion practices, in that situation, through their sense of the events, or through their ways of
speaking. Consequently, the results will lead to design recommendations for the in-car
speech-enabled HMI.

A following, third phase, of comparative analyses respond to the questions: to what
degree is this practice the same, here and there, and to what extent is it different? If one
were to study direction-giving in Massachusetts and in Shanghai, or speech prompting of
entertainment, we would expect some similarities and some differences in this practice in
the two locations. Through such study, we get a better idea about what indeed is culturally
distinctive in one set of practices, as opposed to those in another; we also get a better sense
of what is similar across such practices. Through such comparative study, and based upon
descriptive and interpretive analyses, we are able to determine what parts in the speech-
enabled HMI need a different design, and what parts can display the same behaviour in
all examined cultures. While it is obvious that due to different languages the system
prompts need to be transferred from one culture to the other, there may be less evident
considerations related to dialogue flow, task directives, addressing, interaction style, com-
munication tone, user trust and others, which may have influence on the prompt design
for each culture. For example, in our initial comparative studies, we have discovered less
complex dialogue flow in directives (i.e., fewer communication acts or shorter sequences)
in our Chinese data than in our US data.
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Figure 4. User perspective of embedded Wizard of Oz HMI.

3.2. Experimental set-up for field research about in-car communication

3.2.1. An embedded Wizard of Oz interface for the car

For our empirical studies, we replaced a user’s in-car infotainment system with an embed-
ded Wizard of Oz multimodal interface, providing the user with four typical domains for
infotainment: phone dialling, radio tuning, music selection and navigation. Passonneau
et al. (2011) gives an overview on the use of embedded wizardry for dialogue systems
including a brief discussion of system accuracy when a human wizard replaces part of the
recognition process. Figure 4 shows our system mounted on the air vent in the car centre
console and a view of a driver.

The application allows the user two modes of interaction. The user can choose to con-
duct all tasks via touch screen in the centre console, when field study regulations permit.
This kind of interaction will be handled by the application without intervention from the
Wizard. The user may also choose to initiate a task event by speech after touching a
speech icon on the screen. In this case, the task of the Wizard is to replace the Speech Rec-
ognizer and Natural Language Understanding module, transforming the user intention
into a touch sequence on his Wizard screen, including the choice of confidence levels that
a machine would produce.

Using such an embedded Wizard system encourages the user to behave most naturally
and in the user’s preferred way, while the front-end and dialogue management of the sys-
tem is a machine and perceived as such by the user (see Figure 5).

3.2.2. Multimodal design principles

The embedded Wizard system allows us to explore design principles, which cannot yet be
implemented to this degree in speech applications due to technological limitations.
Jurafsky and Martin (2009) or Jokinen and McTear (2009) give an overview of the status
of speech technologies and dialogue systems.
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Figure 5. lllustration of embedded wizardry into dialogue system.

As for spoken dialogue sequences, the Wizard system supports full Natural Language
Understanding, flexible information distribution within a dialogue sequence, mixed-ini-
tiative dialogues, context dependency and multimodal support. Consequently, the Wizard
of Oz interface is highly cooperative. The user can take a turn at almost any point during
a dialogue, he can interrupt the system, change his request, express himself freely, etc.
Moreover, the Wizard can learn about user preferences and context during the study and
use such knowledge to adapt the system’s understanding to the user.

As for manual—visual interactions with the touch screen, the user interface relies on
several design principles. Visual cues, such as colour, icons, location and spacing/grouping
elements, are used with the aim of improving the level of feedback to the user. According
to the principle of cross-modal priming, visual prompts echo spoken prompts, but the
visual display is also ‘stand alone’. Another design principle is the use of shaping text.
Once the user presses the speech button, example sentences appear to shape the spoken
interaction and provide information of how to use the system. Finally, vertical and hori-
zontal sets of tabs serve to provide visual context for speech communication.

The Wizard of Oz system is a fully symmetric multimodal infotainment system that
integrates both visual and manual capabilities, as well as speech input and output
throughout a flexible interactive experience. The system allows switching between modali-
ties at any point of an interaction sequence. We discuss next one way the above theory
and methodology was applied.

4. One brief example of a field data collection process

One of our field projects was conducted in western Massachusetts in an area that con-
tained primarily rural roads, as well as some urban and suburban driving. The roads in
this area do not typically experience a high volume of traffic. Twenty-six participants
were selected so as to represent a wide variety of characteristics, 12 male and 14 female
drivers. Nineteen of the participants were originally from the Northeastern United States.
Participants ranged in age from 26 to 64 years and had between 1 and 48 years of driving
experience. The average income of participants was around $65,000 (US dollars). Partici-
pants spent on average around 9 hours driving per week. Nineteen of the participants
were smartphone users, and seven were not. Participants were recruited through flyers
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posted in public areas or through snowball sampling procedures as a result of direct con-
tact with researchers. The overall session with each participant lasted about 120—150
minutes. (Our other field sites were in urban Shanghai and Beijing, China, with the same
research approach being used in both.)

Participants brought their own car to the study, as well as their personal content
to the Wizard of Oz interface, such as the address book of their mobile phone or
their preferred music collection. As two team members installed the Wizard system
and observation equipment for visual and audible documentation (which records the
participant’s face, the tablet screen, the dashboard of the car and the view out of the
front windshield), the participant was introduced to the experiment and given the
consent form. The field research team typically included two researchers in the car:
the ‘experimenter’ in the front passenger seat and one researcher, the “Wizard’, oper-
ating the Wizard of Oz interface in the back seat. A third researcher helped with the
equipment installation.

Once in the car, the participant was introduced to the basic capabilities of the
infotainment system and was then invited to explore interacting with the system
through visual—manual means and specifically through speech, while experimenting
with using the system for a variety of tasks. Then the participant drove around a
large, open, off-road area until comfortable with the tested interface. Afterwards the
participant performed a 60—75 minute drive of their choosing. During the drive, the
participant was encouraged to use the Wizard of Oz interface in his preferred way
with the exception of not using touch, other than touching the speech button or end-
ing an application.

After completing the drive, the driver was asked a series of questions based upon our
interview guide. The explored dimensions of the dialogue experience, including turn tak-
ing, task completion, error correction, quality of audible feedback, multi-modal use, gen-
eral ease of use and user satisfaction, among others. All questions were open-ended
questions (Winter, Tsimhoni, and Grost 2011).

Finally, the researchers met together in a debriefing session to reflect upon the specifics
of the driving session, the interview session, particular observations made during each,
and to identify useful focal concerns for further attention and analysis.

4.1. From field data findings to interface design: one general recommendation for
user interaction style

The following section gives a brief demonstration of how we have used our analyses based
upon collected field data for in-car HMI design. In the initial analysis of our findings
from the field studies, we analysed participant practices related to communication events
such as task initiation and switching between tasks, directives or commands to the in-car
system, variety in the cultural formulation of directives, task-ending events and misalign-
ments and misunderstandings (Molina-Markham et al. 2015). In this section, we briefly
preview two very general findings and the implications these hold for one aspect of HMI
design. The presentation should not be understood as a full qualitative and quantitative
detailed analysis because it serves solely for demonstrating the validity and practicability
of our approach.
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4.2. Analysis of observable user interaction styles

Our field data included these communication events:
Participant 20
21:34.74

[ OV S

((radio playing; participant touches microphone button and system dings))
System: What sports channel do you want to hear?

Participant: Go to NPR.

System: Hold on. ((pause)) Tuning radio to 88.5 FM WECR.

((radio station changes))

Participant 12
01:11:45.40

1.
2.
3.
4.

((XM radio playing; participant touches microphone button and system dings))
System: What XM channel?

Participant: Call H-.

System: Got it. ((radio stops playing and phone rings)) calling H- at home.

Our data also included multiple instances like the following:

Participant 13
01:18.85

— e e e e e

O 0NN R

Participant: ((touches microphone button and system dings)) Play XFM.
((pause)) No you don’t like that one?

System: Please wait.

Participant: Ah

((pause))

System: Please review your station it may not be valid.

Participant: ((laughs)) Ok mm. ((pause)) Play my music.

System: Please let me know what you want.

Participant: Ok. You are a goofball. I'm going to call you-

System: Wait a moment. What kind of music would you like to hear?

. Participant: My music. You can do it. Come on.
. System: What song do you want to hear?

. Participant: Hmm. Play Creep.

. System: Hold on.

. Participant: You can do it baby.

. System: Playing Creep. ((music plays))

17.

Participant: There you go.

Participant 9
53:32.70

1.

AR O

Participant: ((touches microphone button and system dings)) Give me WEFM-
uhhhh

give me W:: what’s it called FCR

System: Pardon?

Participant: FCR

System: Please confirm 88.5 FM WFCR

Participant: Good. ((pause)) Good job ((shows thumb up))
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7. System: Tuning radio to 88.5 FM WECR ((radio station plays))

The first two instances show one sort of preference from a user; the second two indicate
another. As we analysed our data, we wondered how to characterise these sorts of com-
munication events, the preferences they exhibit for HMI design, including asking partici-
pants what they prefer in such interactions with the in-car system.

In this regard, in our descriptive and interpretive analyses, we focused primarily on
questions related to the components of Act/Sequences, Ends, Participant identities, Key
and Norms. In terms of Act/Sequences, we were interested in how the sequences unfolded
and how some instances (e.g., the last two presented here) included more acts than others.
Considering the component of Ends, we noted that participant goals as far as accomplish-
ing tasks and relating with the system seemed to vary among instances. In the last two
examples there seems to be a goal of being entertained through the dialogue or establish-
ing companionship with the voice in addition to the task completion of the HMI system.
This notion of relating with the system introduced questions about Participant identities
in terms of how participants understood their relationship with the system in their car. In
contrast to the sense of companionship in the last two instances, the first two instances
show participants relating to the voice as an assistant or secretary with a distant or neutral
relationship.

These observations are supported by participants’ interview data in which they
expressed their needs and expectations of the HMI system. Participants with preferences
similar to the first two examples preferred a quick, efficient exchange. Even when asked
about their practices, these participants gave rather short answers. For example, partici-
pant 12 answered ‘Yeah that’s totally ok’, when asked if she likes the prompts. In contrast,
participant 13 expressed that ‘it would be nicer if it kind of understood my conversational
style well enough’ and ‘I mean I would treat it like a person. I'm generally nice and polite
but then if it was being smart-ass I might yell back at it, but I wouldn’t, you know. I
wouldn’t get mad, not really’. Participant 9 even said: “Well if I say “I wanna hear some
wacko political rhetoric” and you don’t know what that means... and of course as soon as
I hear that stuff I wanna talk about it with somebody so... it’s tempting not to wanna talk
back to it’. Participant 24 expressed the importance for a more conversational style as fol-
lows: ‘you feel like you’re interacting with somebody and having a conversation’, and
‘that’s something that I just feel better doing that, I have no idea why. It’s very strange.
When I think about it, it just feels more natural’.

Certain norms of interaction guide the progression of the act sequence, the types of
goals that participants believe can and should be accomplished through these sequences,
and the relationships between users and a machine that participants believe should or
should not exist in this context. Regarding Norms, we have seen that the field data reveals
different norms pertaining to interaction styles. We found two different normative prefer-
ences for styles.

4.2.1. A style of maximal efficiency

One way of using the system is to get the job done, the task completed, as quickly and effi-
ciently as possible. In this style, the above features configure, in an extreme form, in this
way: task initiation is done in a one-shot manner (e.g., ‘play radio 88.5"), switching
between tasks is done in the same way (e.g., ‘now call John Smith at home’), elaborations
to directive formulations are absent or minimised, tasks are ended by one-shot voice
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commands or a touch of the end button. Some participants expressed an interest in using
this style as the predominant style.

4.2.2. A style of maximal interactivity

A second way of using the system is different. Participants like playing with it, calling it a
name, inviting it to respond to them (and desiring that). In this style, the above features
and dimensions configure, in an extreme form, in this way: task initiation is prefaced with
extra-task talk (e.g., ‘well I wonder what I am in the mood for right now...”), as is switch-
ing between tasks (e.g., ‘well, should I call Bill now or Janice...”), directives or commands
to the in-car system are made at times by naming the system (e.g., ‘OK Eliott, what’s it
gonna be now...”) or with an endearment term (e.g., ‘nice job Darlin”), variety and elabo-
ration is evident in the cultural formulation of directives including several communication
acts (e.g., ‘how about some country’; ‘do we have any Garth Brooks available...’; is his lat-
est CD in there...’; ‘what about the duet with Patty Loveless?’” and so on), and task ending
events include some politeness features such as ‘thanks’ and ‘see you again’. Some partici-
pants expressed a desire for such a style as a predominant one.

The previous analysis included 22 participants (participants 4—25), because partici-
pants 0—3 participated in a pilot data collection period and experienced various difficul-
ties; they did not use the final experimental set-up. Among the 22 participants, there were
three predominantly interactive users (participants 7, 13, 24), and three mix-style users
who would use either efficient or interactive styles (participants 9, 18, 19). All the other
participants were predominantly efficient users, some of them with an occasional ten-
dency for an interactive utterance (participants 12, 14, 15, 17, 20, 21, 25). Our analyses
suggest, at this time, that many if not most participants would enjoy having both styles
available, perhaps among others, so as to choose what suits their mood at a particular
time or in a particular driving session.

Also as a preliminary observation, we find that our Chinese data include more prefer-
ence for efficiency than interactivity. This demonstration is further developed elsewhere
(Carbaugh 2012; Molina-Markham et al. 2015; Wang, Winter, and Grost 2015; Winter,
Shmueli, and Grost 2013).

4.3. Initial considerations for in-car HMI design recommendations

As people use their in-car communication system, at times they prefer a style of maximal
efficiency. When they do, they want to minimise the time it takes for dialogue and the
number of turns it takes to complete a task. In our data, this sort of preference has a high
degree of intensity. The implications for interaction design are as follows: create a possi-
bility for the interaction flow to be as concise and efficient as possible, subordinate
prompt design to this optimisation principle, remove unnecessary prompts or other ele-
ments in the dialogue process, in grounding, and in turn taking. When the maximal effi-
ciency protocol is active, users find the absence of interactive elements to be acceptable
and even pleasant. And in turn, when the optimal efficiency style is preferred, the inter-
active elements in the prompts are treated at best indifferently or at worst as quite
irritating.

Users at other times prefer a style of maximal interactivity. When this is the case, users
show a preference for variation, relational talk, naturalness and being entertained. At these
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times, users appear to want to develop a personal relationship with the system. This pref-
erence seems to be guided by a norm about the importance of being pleasant. The impli-
cations for interaction design in this case are that prompts should be designed to
maximise their perceived pleasantness rather than the efficiency of the interaction flow.
Thus, prompts for this situation should be designed to progress toward task completion,
but the priority is on elements that are perceived as pleasant.

In the light of these findings, we conclude that a system that can determine user
interaction style and adapt to this style would be ideal. A set of system prompts could
be designed that accommodate each of the two styles that we have identified here. With
this type of a system, users could select which style they prefer and could also potentially
switch between styles. One way of accommodating this switching would be to first
design prompts emphasising the efficiency principle and then develop these prompts by
adding interactive elements, so that the basic prompt is the same for both sets of
prompts.

5. Summary

How a person chooses to interact with the various forms of technology that surround
him or her is deeply connected to the cultural context in which those interactions take
place. In this paper, we have explicated a theoretical framework and its associated meth-
odology for conducting empirical field studies that explore the cultural dimensions of
individuals’ communication with speech-enabled interfaces in their car. This model
includes key concepts from the ethnography of communication and cultural discourse
theory including communication situation, event and rules or norms. These are used in
conjunction with several design dimensions to produce HMI-relevant findings regarding
HMI design dimensions. In this tradition the experimental set-up and analyses are
designed to reveal qualitative as well as quantitative results. We briefly demonstrated one
productive finding of our research concerning one HMI dimension, styles of user
interaction.

One finding from our field studies includes these two different styles — one with a
focus on efficiency in task completion and the other that emphasises elaborate interactiv-
ity and a personal relationship with the system — that are preferred by participants to
varying degrees in a northeast region of the United States. We add at this point that our
field data collection in China, and its comparative analyses, revealed the same two general
interaction styles, with differences between the two mainly being in the language itself
including the dialogue flow relative to its sequential structuring. This reveals differences
in directive formulation, error corrections and event structure generally. Using these styles
as guides, among other culturally distinct features (see this research teams’ other pub-
lished field studies), researchers can develop speech-enabled systems that more closely
align with user expectations and preferences, here demonstrated briefly to illustrate inter-
action flows and prompt design. In terms of future work, the field data we have collected
is invaluable, deeply rich and detailed enough to facilitate the development of the exact
phrasing of prompts, the detailed specification of the voice persona for both types of inter-
action styles, the flow and rhythm of the system, as well as development of the other
design dimensions discussed earlier.
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Notes

1. The model derives from a long tradition in studies of cultural dimensions of communication
from the seminal conceptualization of Hymes (1972), through Philipsen (1987, 2002), to Car-
baugh (1988, 2007), among others.

2. Our recent studies explicate different aspects of the methodology (Carbaugh et al. 2012, 2013).

3. The design of an in-vehicle multimodal interface traditionally follows the paradigm of User-
Centered Design (Norman and Draper 1986; Nielsen 1993; Vredenburg and Butler 1996),
which is widely considered the key to product usefulness and usability (Mao et al. 2005). Natu-
ralistic observation, contextual inquiry and other techniques (e.g., Holtzblatt 2003; Holtzblatt,
Wendell, and Wood 2004; Dray and Siegel 2007) are used to learn about user preferences in
the relevant context, for example, the driving situation and environment.

4. A sub-set of the concepts may be more useful in some cases than in others. In other words, not
every component has equal importance or value in every investigation. These eight concepts
are inclusive of all of the design dimensions that we have identified earlier. In conducting the
descriptive analysis, we analyse each practice through the eight concepts in general and subse-
quently for all of the detailed HMI dimensions. Because of the applied method of naturalistic
inquiry, we explore each of the detailed HMI design dimensions through these concepts, keep-
ing open the possibility of discovering the unknown, for example, the design dimension which
has normative power in a culture, but which we have not thought about or observed in other
cultures yet.
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