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Introduction 
The world is changing quickly and without hesitation. 

Mobile terminals are increasing their capabilities, 

information sources are almost anywhere, and new services 

are arising everyday, besieging us, profitable users, so that 

we hire them, allowing the present viral paradigm for the old 

balance between offer and demand for its survival. These 

new terminals, systems, sources of information and services 

have changed the way in which we live, the way in which 

we socially interact and the information we require, but also 

the way in which we react to information and we manage it.  

In the realm of interactive systems much work has been done 

in improving speech recognition rates, noise suppression, 

voice activity detection, acoustic enhancement and many 

others, while some considerations about dialogue 

management or interfaces design are still to be done. In fact, 

what users are caring about is their experience while using 

these interactive systems, so there is much more to be 

considered when trying to enhance perceived quality

regarding both context and users skills.  

In this work we focus on the driving context, considering 

just two tasks to be developed: driving and interacting with 

interactive voice-driven application. We will be considering 

dialogue as the secondary task, regarding the driving as the 

primary due to its particular nature in terms of required 

attention, response capacity, reaction time and flexibility.  

Within the in-car scenario all significant considerations 

about interaction grow up to be highly relevant due to the 

driving task, which is quite demanding in terms of attention 

paid to user’s resources and security. Interaction with 

onboard systems is moving beyond the classic switches, 

knobs, sticks, pedals and dashboard lights and sounds, to 

incorporate speech, touch-screens and a variety of other 

displays. While some of these systems are intended to help 

with the task of driving (e.g., navigation aids, lane departure 

and vehicle-in-blind-spot warnings), a constellation of 

displays, messages and requests threaten to overload the 

driver with information that is too rich and may distract him. 

Speech being eyes- and hands-free, it is increasingly being 

considered as a safe communication channel. However, 

interactive dialogue can increase the driver’s mental 

workload, especially when robustness problems occur (e.g., 

recognition errors).  

The remainder of this paper is organized as follows. First, in 

section 2 we outline the theoretical background for the 

combined analysis of tasks in terms of workload and task 

interference, a widely spread approach for multi-task and 

multi-resources environments. After in section 3 we focus on 

the driving task and the interaction with a spoken dialogue 

system, the actual scenario in which we are focusing. Its 

peculiarities are described, as long as some measures to 

qualitatively and quantitatively describe extracted data. 

Section 4 presents our simulation bench, which has proven 

to be a convenient approach in order to obtain valuable data 

with a normalized controlled tool. This is tested to check its 

adequacy to our requirements in section 5, based on the 

driving experience and the access to the in-vehicle 

interactive platform. Finally in section 6 we summarize key 

aspects and draw some conclusions on our work.  

Workload & Task Interference 
Driving is a quite complex task which requires the 

interaction and coordination of physical, sensorial and 

mental driver skills. Traditionally, the driver attention could 

be diverted to other tasks that might arise inside the vehicle, 

which are frequently interrelated with the driving task. 

Nevertheless, in the last decades, the consolidation of the 

information society and the interest for pervasive 

environments have unleashed the introduction of new 

information and communication technologies in the 

automobile, imposing new tasks to the driver (secondary 

tasks). The accumulation of these new services has led 

drivers to try to assimilate a lot of information in a brief 

period of time, increasing their concern for the security 

aspects it entails. Due to this, a special interest for analysing 

the workload drivers undergo when they simultaneously 

carry out several tasks has arisen. 

According to [1], workload describes the relation between 

the demand of recourses imposed by a task and the ability to 

provide them by the operator. However, this definition only 

takes into account external sources influence on workload, 

inspite of individuals’ capacities, motivation to carry out a 

task, the strategies applied to its execution, mood and state 

of the operator, which also affect the experienced load [2]. 

Those theories introduce the idea of available resources in 

information processing, although they did not point out the 

type of resources. At first, time was considered as the only 

limiting resource to drivers’ processing capacity. However, 

Wickens suggested that besides time, other limiting 

resources exist since anyone could imagine “mechanical” 
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tasks (as listening to music) absorbing even up to the 100% 

of the time and offering little interference with other tasks. 

Thus, Wickens presented in [3] his theory for multiple 

resources, based on the idea that the human cognitive system 

can be modelled as a series of different limited resources for 

each processing type (e.g. workload dimension). Tasks 

performance while simultaneously demanding those 

resources and interference degree among them should

depend, to a great extent, on whether the task was 

completed, or if they exceed drivers’ capacities. Wickens 

proposed that the human resources were organized within a 

four-dimensional space: 

• Processing states: those are perception, cognition 

and response. The resources used in activities related 

with the first and the second stages are the same, and 

functionally independent from those being used in 

executing the response. 

• Perceptual modalities: visual and auditory. 

• Processing codes: establishes the distinction 

between spatial and verbal processes. Information 

related with images and sounds is considered as spatial 

information, while information coded within writings 

and speech is considered as verbal information.  

• Visual channels: Focal and ambient visions are 

related with separated resources which account for 

concurrent tasks execution.  

Establishing a direct relation between those dimensions and 

tasks workload seems reasonable, as each task might require 

several resources. The resulting projection of the auditory 

channel onto the workload space can be interpreted as the 

auditory demand required. However, this seems to be related 

with well-known heuristic measures such as intelligibility. 

Celebrated researchers [4] in the acoustic realm have 

realized that speech intelligibility measures need to be 

improved by means of cognitive factors. This same idea can 

be derived from analyzing interactions regarding the present 

workload approach. As a consequence, we shall consider our 

specific scenario in terms of task interference regarding its 

peculiarities.  

Interference between driving and 
interacting 
The multiple cognitive resources theory states that there are 

different resources which can be accessed independently. In 

addition to this, each of them can be shared by different 

tasks to some extent. In the driving context, interaction 

between the driver and an application or service shall not be 

regarded at the primary task, as drivers must keep their 

attention on driving safely. Conventional in-car interfaces 

might require drivers, for instance, to take their hands from 

the wheel, look away from the road and press a button. 

Speech interaction allows drivers to keep “their hands on the 
wheel and eyes on the road” instead. Thus voice user 

interfaces are beginning to be widely used within the in 

vehicle scenario. Besides the voice control provides a faster 

way to access functions avoiding the typical navigation 

through structured menus.  

Different studies ([5], [6]) have tried to illustrate the benefits 

of using vocal interfaces instead of manual interfaces while 

the user drives. On the other hand, there are also studies on 

which it is showed that, in spite of the benefits provided by 

vocal interfaces, there are situations where interactions with 

the in-vehicle system entails distraction. This distraction 

might appear due to various reasons such as recognitions 

errors caused by: environmental factors (such as noise), 

intrinsic user factors (mood state), task variables (such as 

workload) or even the design of the interaction flow. For 

example, [7] showed that if the interaction was too complex 

or the driver was emotionally involved, interferences 

between tasks could arise. Furthermore, it stated that 

interaction nonverbal factors could even cause distraction. In 

the same way, [8] illustrated that driving was a special 

context where recognition errors are likely to appear, 

increasing drivers mental load.  

For dealing with those situations spoken dialogue systems 

have to be reworked, being adapted to the in-vehicle context 

in order to reduce interferences between interaction and 

driving as much as possible. Procedures such as push-to-talk 
buttons (PTT) policies and voice activity detection (VAD) 

shall benefit interaction by signalling the right starting point 

for the interaction, avoiding dangerous driving situations and 

accounting for higher robustness adequacy. In the same way, 

studies like [9] suggest it is advisable to adapt the interaction 

to the vehicle context, reworking interaction policies. Even 

stopping or pausing the interaction when a dangerous 

manoeuvre is required or a high workload situation is 

expected. 

In order to develop various experiments to test and 

characterize tasks mutual interference within specific 

situations, we have developed a simulation bench combining 

both a driving simulation framework and an in-vehicle 

service platform, based on spoken interaction.  

Simulation bench 
Due to the peculiarities our scenario accounts for, a 

simulation bench seems to be a reasonable and convenient 

approach, combining exercises control, full data access, 

simpler data acquisition and little equipment. However, 

several elements such as the audio acquisition system were 

taken from commercial solutions, such as the microphone 

which has an enormous influence on the quality of the 

incoming speech signal, and therefore, on the recognition 

rates. The same global scheme of the in-vehicle platform 

attached to your car is embraced by the simulation bench, 

combining both a driving simulation engine, and an 

interaction framework, which emulates the actual in-vehicle 

interactive service platform. As an example of its remarkable 

versatility, it can be noticed that both voice activity detection 

and push-to-talk schemes have been developed, leaving the 

actual decision to the exercise designer and the spoken 

dialogue system. 
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Figure 1: Proposed simulation bench, built around the original 

driving simulator. The separation between the simulation and 

interaction frameworks is shown. 

Driving Simulator 
Regarding the importance of the users experience while 

driving we have been working on-top of an open-source 

driving simulator to enhance user experience and allow a 

more realistic interaction. Mainly three goals led the 

improvements we carried out on the primitive tool: 

enhancing the driving experience, making context 

information available in a formalized and accessible way, 

and allowing complex scenes to be generated, combining 

both the driving simulator and the interaction framework by 

means of a standard connection.  

The VDrift Simulator, powered by the previous Vamos 
Automotive Simulator and the Vamos Physics Engine, is a 

entertaining racing game, with an impeccable development 

of the vehicle physics, high quality graphics and a powerful 

simulation engine, released under the GNU General Public 

License (GPL) v2, and available for Linux platform. 

Developed in the C/C++ programming languages, it 

accounts for multiple functionalities such as audio 

management, full input support (keyboard, wheel, pedals…) 

or 3D scenario generation and data acquisition. It’s well 

thought modular structure, last version was recently 

rewritten from scratch in order to optimize the simulation 

engine, as well as the realistic interaction its interface 

allows, makes of it a good starting point to develop a really 

useful and reliable simulation tool. However, various 

improvements had to be introduced such as full connectivity 

with the interaction framework, remote control for Wizard-

of-Oz tests, standardized data acquisition system (based on a 

conventional XML server), advanced audio system to allow 

enhanced virtualized acoustics, both external and internal 

loggers as well as synchronization facilities. The scenario 

design and control tools were programmed based on the 

primitive tools attached to the VDrift simulator, including 

data representation facilities and full connectivity with the 

spoken dialogue system included in the interaction 

framework, which emulates the in-vehicle service platform.  

Interaction Framework 
Interactive service platforms are nowadays being introduced 

into our cars in order to provide brand new services as well 

as useful information for the driver. Actions are being taken 

in order to avoid interference between services and 

messages, approaching an optimized solution based on 

users’ skills, the actual context and the nature of the 

information or the service, which can be prioritised based on 

these principles.  

The developed interaction framework is powered by the 

Telefonica R&D technology. Connected with the driving 

simulation engine by means of a standardized connection, it 

allows exchanging both control and data messages with the 

simulation engine and dialogue control with full access to 

driving context data, and simulation status. It was 

implemented as a flexible external API, so that any other 

framework architecture, either commercial or just with 

research purposes could be linked. As the aim of our 

research is to develop new strategies for interaction 

management based on flexible architectures, it is expected 

that various alternatives which may fit our requirements will 

be tested, based on this same bench. In fact prioritising 

information and services in a natural through-out the spoken 

interaction is quite complex, and is still a challenge to be 

tackled.  

Experimental design 
Once the design and development of the simulation bench 

was finished, the system was first tested by various alien 

drivers. The results of their experiences were highly 

satisfactory in terms of driving experience and interaction 

capabilities, while rather realistic sensations and comfortable 

driving where pointed out.  

The simulation bench allows us to automatically collect data 

from both the driving and interaction tasks, and to present it 

in a formalized way through a XML file (Figure 2). This can 

be later analyzed to draw out conclusions about each task, 

from the interference of driving into the interaction or vice 

versa. A reasonable way to consider those interference 

phenomena is by achieving high control on one of those two 

tasks, and allowing the other to evolve without any external 

constraints. The resulting data shall prove to be highly 

correlated with the second task, while the interference from 

this with the monotonous one may be easily measured if a 

previous baseline test was carried out. As a result, we 

propose an experimental protocol based on a four steps 

methodology. The first two are related with the individual 

tasks, while the other two require both tasks to be performed 

at the same time.  

The information from the exercises can be collected at each 

visualization frame, including a temporal reference for each 

frame for posterior synchronizing of the driving data with 

the events coming from the dialogue. Some of these are the 

word chains recognized by the ASR, push-to-talk events, 

prefixed timeouts, recognitions errors, turn-handling 

references, and so on. The sequence of recorded dialogue 
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events provides a reliable clue when reworking interaction 

strategies and policies, given a certain interaction manager to 

be adapted.  

Figure 2: Example from the XML data which may be acquired 

from the proposed simulation bench.  

Summary & Conclusions 
The elderly paradigm of isolated interface design and 

interaction analysis needs to be reworked based on the fact 

that the result from simultaneous interactions turns out to be 

more than its result straightforward linkage. Mutual 

interference between driving and interaction tasks it’s worth 

more than acoustic models adaptation to improve 

recognition rates, as interaction modelling and 

communicative policies have to be reworked to ensure a 

comfortable and safe driving. 

Avoiding additional stress due to user frustration while 

accessing a voice-driven service is a crucial principle for 

well-designed interfaces, thought speech systems still seem 

to be a good pathway towards safe human-machine 

interaction in the in-vehicle context. Adapting user interfaces 

and reworking both interaction strategies and policies based 

on this principle shall bridge the existing gap between 

present interaction management and hypothetical future 

systems, which shall we aware of both the driving and the 

dialogue contexts.  

Unfortunately, such considerations can not be discussed 

without specific data, regarding both driving and interaction 

tasks. Therefore information has to be extracted as a result of 

simultaneous exercises, which may be easily carried out 

through a customized simulation bench. Correlating data 

resulting from both tasks shall shed some light on this 

gloomy realm, with the only intention to enhance interaction 

in this highly demanding scenario.  
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