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ABSTRACT 
The current growth of automotive electronics aims to 
extend vehicle functionality and information access. This 
paper explores the application of Natural Voice User 
Interfaces as a preferred interaction modality with in-
vehicle technologies to lower driver distraction effects and 
improve the user experience. The benefits and risks of 
natural speech interactions are evaluated in order to 
propose a driver-centric design guideline based on previous 
research. The paper concludes that driving scenarios can 
profit considerably from systems that apply natural speech 
interfaces to allow the driver to access information. 
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NVUI, natural speech, driver-centric design, cognitive load, 
in-vehicle interfaces 
 
INTRODUCTION 
The exponential increase of vehicle electronics nowadays 
presents a challenging microcosm for human computer 
interaction.  As most of the technology in the car becomes 
digital, automobiles are turning into interactive spaces 
where human factors play a crucial role in the design and 
resulting user experience [1]. In-vehicle technologies are 
implemented not only to assist with vehicle operation but 
also as a gateway for information access, media 
consumption and entertainment. However, any vehicular 
system that requires interaction with the driver or other 
passenger(s) has to account for safety and driver distraction 
effects. 
Natural User Interfaces are becoming the preferred choice 
when looking at reducing the cognitive load of in-vehicle 
systems. The use of auditory interfaces, that are eyes-free 
and hands-free, is strongly supported when the interaction 
design focuses on the driver, as demonstrated when 
analyzing the effects of modality in dual-task performance 
for driving scenarios [2, 3].  

This paper explores the use of Natural Voice User 
Interfaces (NVUI) in driving scenarios, analyzes its risks 
and benefits and aims to propose design guidelines for 
driver-centric applications based on previous research 
experience.  
NVUI APPLICATION IN AUTOMOTIVE ENVIRONMENTS 
A natural voice user interface (NVUI) is one in which a 
person can speak to a computer system as they would when 
conversing with another human being. NVUIs are agent-
based systems that understand what the user says and 
respond to it [4]; therefore, allowing users to interact in a 
natural way eliminating the need for remembering a 
specific lists of commands.  
Automakers and Original Equipment Manufacturers 
(OEMs) have traditionally opted for command-based voice 
user interfaces in the implementation of vehicle systems, 
driven by the higher speech recognition rates that result in a 
limited list of terms. However, as functionality increases, 
so does the probability for a Word Error Recognition 
(WER). Furthermore, command-based interfaces can 
become unfriendly and underused as the list of available 
commands grows. 
Some of the current NVUIs make use of rich grammars that 
have significantly enhanced recognition by looking for 
particular responses from the user in different contexts of 
the interaction [5]. Both users and NVUI developers know 
that there is much room for improvement in this area [6]. In 
NVUIs a reduced number of responses available to the user 
results in a better recognition The natural language 
expected by a system can be from a minimum amount of 
words to a large vocabulary, which could essentially 
understand free form input [4] depending on the size of the 
grammar corpus.  
 
BENEFITS AND RISKS OF NVUI IN VEHICLES 
Natural voice user interfaces offer many benefits when 
integrated with automotive technology. While society has 
become accustomed to facile machines using command-
based actions, natural voice user interfaces offer users a 
decreased cognitive load and natural interaction. The use of 
natural conversational language minimizes the amount of 
training necessary to interact with a system; often times 
being safer and more advantageous than locating buttons or 

 
 

 
 



keys to press on a visual display. Mobile devices are a 
growing cause of driver distraction where NVUIs can 
provide an invaluable method of interaction for many. Just 
like a conversation with a riding companion, interactions 
with a natural voice interface flow reducing the necessity to 
look away from the road. Additionally, they can also serve 
the needs of disabled users who are many times 
disenfranchised by automotive designs and must enlist 
customizations to effectively use their vehicles. 
Despite the fact that there are many advantages to natural 
voice designs there are many risks that designers find 
outweigh the benefits. “We find speech interaction with 
simple machines to be interesting because it sidesteps the 
artificial intelligence problems of natural language in favor 
of the ubiquitous nature of speech interaction” [6]. In order 
to facilitate the natural aspects of conversation, designers 
and developers alike find themselves having to understand 
the inner workings of language in general. While it can be 
difficult for a human to understand and recognize all the 
different ways to say things, it becomes that much more 
difficult to teach a computer to do so. Notwithstanding, 
homonymic and slang phrases can become increasingly 
difficult to process, especially depending on the region and 
dialect of the designer. Increased attention to the potential 
complexity of conversational models can detract from 
functional design and decrease user satisfaction with the 
system. In contrast, a well-designed interface can create a 
false sense of comfort and foster an environment where a 
driver then thinks they can manage other tasks at the same 
time.  
Overall, natural voice user interfaces can be useful in 
automotive design; as manufacturers increase the technical 
functionalities within cars the cognitive overload of drivers 
will be increased. The role of natural voice interfaces can 
greatly impact those functionalities, but only under the 
appropriate design principles. 
 
NVUI DESIGN PRINCIPLES FOR DRIVING SCENARIOS 
Hua and Ng noticed the lack of systematic guidelines to 
design voice user interfaces that reduce negative impact on 
drivers [7]. Addressing NVUI challenges for creating safe 
and natural applications requires analysis and creativity, 
and is dependent upon the purpose for which an application 
was created. 
 
Human vs. Synthetic speech 
The first of these issues is the decision of implementing 
human speech vs. synthetic speech [8]. Human speech 
refers to speech segments that are prerecorded by a human 
while synthesized speech is an artificial production of 
speech via a computer, and is often produced via text-to 
speech (TTS) engines.  
Utilizing natural speech, in comparison with synthetic 
speech, in applications that deliver high amounts of 
prerecorded speech segments is found to be difficult and 
rather costly [9]. Some applications require speech outputs 

that are dynamic to the content they present; such as email 
headers and email content [10]. To deliver such output 
through human speech requires a person to record 
necessary prompts whenever needed without delay. Such 
an approach is in most cases unfeasible, even during the 
prototype phase where the developing process of the 
application often obliges to redesign prompts. With the 
rapid development and implementation of vehicular voice-
activated applications, developers commonly tend to use 
TTS for the flexibility in presenting dynamic content. 
When designing voice activated applications using 
synthetic speech, it is important to take into consideration 
the deficits that such utility may endure. TTS continues to 
have various shortcomings. Despite the constant 
improvements on synthetic speech quality, it is still 
considered hard to comprehend in comparison with natural 
speech [11].  
Some of the deficits noticed in synthetic speech are the lack 
of tone fluctuation and omitted pauses between words, 
which make speaking styles harder to understand. Despite 
that, using synthesized speech gives the developer better 
control over speech parameters. 
Likewise, NVUIs tend to produce in the users a 
phenomenon that Watts named habitability [12].When a 
system shows an advanced degree of natural language 
understanding, users tend to confer it human-like abilities. 
Failure to meet those expectations ends in dissatisfaction 
and lower user acceptance. The use of TTS is a clear 
indication to users that the system, however advanced, is 
still a machine, leading users to lower their expectations 
and therefore raising their feel of control.  
 
Output design 
Regardless of the form of speech chosen by the developer, 
it is vital to a voice-activated application that voice outputs 
are understandable. This is of crucial importance for 
automotive environments where the interaction with the 
NVUI is generally a secondary task. Prompts should be 
designed in short and clear segments that require less 
cognitive processing. The amount of auditory information 
that a person can process is different for every individual 
and also depends on the amount of attention that s/he can 
direct to the system, which in many cases depends on the 
road conditions. Research suggests that auditory 
information pieces should be kept short, better not 
exceeding one-minute in length, to ensure participants 
understanding and focus on the road [13]. 
 
Barge-in 
Another issue that arises when designing NVUIs is the 
decision to allow for barge-in. While prompted by the 
applications, many users demonstrated signs of 
dissatisfaction and frustration when they sense the system’s 
control over their interaction, preventing them from 
speeding up the navigation process.  Barge-in is a feature 



that allows a user to interrupt a prompt in means to 
navigate to the next prompt, speeding the interaction. The 
difficulty with enabling this feature arises when the user’s 
incoming speech becomes corrupted with echo from the 
ongoing prompt, thus affecting the recognition [14]. The 
latter causes frustration and ultimately dissatisfaction with 
the application. Designers should evaluate whether to risk 
false inputs, given the noisy atmosphere of the driving 
environment, or to restrict user’s control of the interaction. 
Different parts of the interaction dialogue can benefit from 
applying barge-in.  
 
Dialogue design methodology 
According to Tomco et al, command-and-control dialog is 
the simplest dialogue methodology where a user is limited 
to a strict vocabulary of specialized commands [14]. This 
method retains low WER rates, but is found to be difficult 
to use, as learned skills cannot be applied to other voice 
applications. Thus each system presents a steep learning 
curve. In particular, command-based applications can pose 
a disadvantage when users accustomed to them use natural 
speech systems. The directed dialog method helps navigate 
the user through the application prompts following a certain 
path, collecting pieces of information along the way before 
they could reach their goal. This design poses low 
flexibility possibly causing an element of frustration in the 
user.  On the other hand, natural language dialog allows the 
user to direct the system to the information they are seeking 
by simply posing complex conversational queries the same 
way they would approach a human being. Presenting the 
most natural way of communication, this method is harder 
to implement. 
 
Capturing the user’s mental model 
Users are often unclear of how to obtain certain 
information from an application. A developer using natural 
language design needs to account for various ways of 
capturing and analyzing user’s input, outputting the correct 
information back to the user. Designing a product that will 
repeatedly create positive user experiences is essential for 
sustainability. 
When developing vehicular smart NVUIs, drivers’ trust 
should definitely be taken into consideration; trust being a 
direct result of positive or negative experiences. When 
users lack trust in automated systems they will probably 
underutilize or disuse them [15]. Therefore, a system 
should allow for trust calibrations as well as an increase in 
the user’s acceptance of the system [16]. An iterative 
development approach is most needed in the application of 
NVUIs to automotive environment. 
Positive user experiments are results of designing systems 
that understand drivers and their motives. Evoking pleasant 
emotions can add to the user’s experience.  One key 
component to consider when designing a NVUI is 
desirability, which is a combination of utility, usability and 
pleasurability [17]. Vehicle owners are interested in 

systems that add to their safety, while still addressing their 
needs. 
 
Designing for user experience 
A product experience approach is able to yield 
groundbreaking innovations, because it does not start out 
from existing products, but it takes the user needs, 
emotions and expectations as a starting point [18]. 
Vehicular NVUIs should follow Human-Centered Design 
principles, which emphasize not developing a system 
“around” the user but a user-product system instead [19].  
 
CONCLUSION 
User Experience research suggests that driving 
environments can benefit greatly from systems that apply 
natural speech interfaces to allow information access for 
the driver. NVUIs provide the lowest cognitive load and 
highest user satisfaction among different modalities, 
especially under high workload scenarios. There are 
nonetheless, certain risks that still have to be addressed, as 
NVUIs do not report the same successful results for every 
participant. Independently from typical speech recognitions 
issues, like slang terminology or strong local accents, users 
with long time exposure to command-based voice 
applications can present adaptation problems to natural 
speech input and potentially show lower satisfaction rates. 
However, thanks to the interaction with consumer 
electronics like smartphones that make use of NVUIs for 
hands-free interactions, society will grow in familiarity 
with natural speech interfaces and these issues are expected 
to decrease over time. Furthermore, prolonged user 
interaction with NVUI systems will provide enough 
training data for Artificial Intelligent Systems to adapt to 
the user, increasing speech recognition accuracy. 
Finally, designers must account for context-awareness in 
the implementation of their system interactions. In 
automotive applications this context-awareness can be 
applied following two approaches. On one hand, awareness 
focused on the user, where understanding his/her stress 
level, frustration or mood can determine the way the system 
reacts or presents information. On the other hand, context-
awareness resulting from the interaction of the NVUI 
system with the vehicle’s on-board computer or other 
electronic systems in the car, can help determine the 
amount of attention the user can procure and therefore 
modify the way information should be presented. 
NVUIs can thus potentially open the gates to information 
accessibility in highly complex scenarios like driving.  
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