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Abstract. Cars, trucks and busses are more and more equipped with functions 
and services that drivers are supposed to operate and understand. The most 
important developments in this area are the Advanced Driver Assistance 
Systems (ADAS) and In Vehicle Information Systems (IVIS). In order to make 
sure that the driver understands and appreciates (comfort) these services and 
traffic safety is not at risk (distraction, workload), the HMI’s (Human Machine 
Interfaces) of all these functions should be attuned to each other, to the driver, 
and to the context. For attuning the functions to each other, a HMI platform is 
needed on which these functions are integrated. For attuning the functions to the 
driver it is necessary to have knowledge about the momentary state of the driver 
and of the intentions of the driver at a certain moment. For attuning the 
functions to the context, it is required to sense the relevant environmental 
conditions or states. This paper shows that a recent cognitive task load model 
from process control domain can be applied for the design of adaptive in-car 
user interfaces. Furthermore, current developments of such interfaces are being 
discussed. 

Keywords: In-car services, workload, adaptive user interface, central 
management. 

1   Introduction 

A car driver is sitting in a relatively fixed position, performing his or her tasks in a 
closed environment that can be relatively easily enriched with driver-state sensing 
technology. The driver’s tasks can be tracked rather well, and context factors can be 
easily assessed via both current sensor technology (e.g., slippery road) and data 
acquisition via wireless networks (e.g., traffic density and weather). So, the 
automotive domain seems very well suited to further develop and implement the first 
results of augmented cognition technology. 

And there is a real need for such technology. Drivers can access more and more 
services in the car, for example for navigation, traffic information, news and 
communication. Furthermore, the car itself provides more and more information that 
should support drivers’ tasks, such as speed limit warnings and parking guidance 
“beeps”. The consequences of providing in-car traffic management information (like 
route information) in combination with infotainment services (like news headlines) 
can be negative; distraction or high workload could adversely affect the interaction 
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between the driver and the in-car system (e.g. [1]). Increases in workload can result 
from numerous sources inside and outside the car. Recently interactions of the driver 
with in-vehicle systems while driving have received considerable interest in the 
literature because of their potential impacts on road traffic safety. The additional 
workload imposed on the driver by an in-vehicle system easily results in overload of 
the driver. Overload means that the driver is unable to process all relevant information 
necessary to perform the primary driving task. This may lead to increased error rates 
and delayed detection of other traffic participants and, hence, to reduced safety [2]. 
This paper presents a practical theory of cognitive task load and current approaches to 
attune the in-car user interfaces to the momentary task load of the driver. 

2   Cognitive Task Load 

For process control tasks, Neerincx [3] developed a practical theory on cognitive task 
load (CTL) and applied it for the design of adaptive interfaces. This theory can be a 
good starting point for such interfaces in the car, distinguishing three types of 
cognitive load factors. 

First, the percentage time occupied, has often been used to assess workload in 
practice for time-line assessments. Driver’s cognitive processing speed determines 
this time for an important part, that is, the speed of executing relatively over-learned 
or automated elementary cognitive processes, especially when high mental efficiency 
(i.e., attention and focused concentration) is required (cf. [4]). Cognitive processing 
speed is usually measured by tasks that require rapid cognitive processing, but little 
thinking. It contains elements such as perceptual speed (the ability to rapidly search 
for and compare known visual symbols or patterns), rate-of-test-taking (the ability to 
rapidly perform tests which are relatively easy or that require very simple decisions) 
and number facility (the ability to rapidly and accurately manipulate and deal with 
numbers). The processing speed of older adults is relatively slow and can result in 
decreased driver performances [5]. 

Second, the level of information processing, affects the cognitive task load. At the 
skill-based level, information is processed automatically resulting into actions that are 
hardly cognitively demanding. At the rule-based level, input information triggers 
routine solutions, resulting into relatively efficient problem solving. At the knowledge-
based level, based on input information the problem is analysed and solution(s) are 
planned, in particular to deal with new situations. This type of information processing 
can involve a heavy load on the limited capacity of working memory. Driver’s 
expertise and experience with the tasks have substantial effect on their performance 
and the amount of cognitive resources required for this performance. Higher expertise 
and experience result in more efficient, less-demanding deployment of the resources. 
New situations, such as driving at the other side of the road in England by a Dutch 
driver, or complex traffic situations will raise the cognitive load substantially. 

Third, the CTL theory distinguishes task-set switching or sharing as a third load 
factor to address the demands of attention shifts or divergences. Complex task 
situations consist of several different tasks, with different goals. These tasks appeal to 
different sources of human knowledge and capacities and refer to different objects in 
the environment. We use the term task set to denote the human resources and 
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environmental objects with the momentary states, which are involved in the task 
performance. Switching entails a change of applicable task knowledge. The capacity 
to switch between, or share task-sets affects driver’s mental load. Older adults seem to 
have generally less capacity for switching [6]. Kramer et al. [7] found large age-
related differences in switch-costs early in practice (i.e., the costs in reaction time and 
errors due to switching between two tasks). After relatively modest amounts of 
practice the switch costs for old and young adults became equivalent and maintained 
equivalent across a two-month retention period. However, under high memory loads 
older adults were unable to capitalize on practice and the switch costs remained 
higher for them. In case of increased diverse information supply, drivers cannot 
compensate by directing more attention to the task and avoiding other tasks such as 
thinking or talking. Perceiving and processing of simultaneous information from in-
vehicle systems can lead to a situation of overload where safe driving performance is 
very likely to suffer. Keeping the level of driver workload below some critical level, 
i.e. avoiding overload, can also in the long run be considered as an important 
contribution to road traffic safety (c.f. [8]). 

It should be noted that the effects of cognitive task load depend on the concerning 
task duration. In general, the negative effects of under- and overload increase over 
time. Under-load will only appear after a certain work period, whereas (momentary) 
overload can appear at every moment. When task load remains high for a longer 
period, carry-over effects can appear reducing the available resources or capacities for 
the required human information processing [9]. Vigilance is a well-known 
problematic task for operators in which the problems increase in time. Performance 
decrease can already occur after 10 minutes when an operator has to monitor a 
process continuously but does not have to act [10, 11]. Vigilance can result in stress 
due to the specific task demands (i.e. the requirement to continuously pay attention on 
the task) and boredom that appears with highly repetitive, homogeneous stimuli. 
Consequently, the only viable strategy to reduce stress in vigilance, at present, 
appears to advise to stop when people become bored (cf. [12]). With respect to safety 
of car driving, on one hand vigilance, boredom and fatigue are of special concern, and  

 

 

Fig. 1. Cognitive Task Load (CTL) under low and high time pressure (cf. the practical CTL 
theory of Neerincx, [3]) 
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at the other side short-lasting peaks in workload are potentially dangerous. These 
peaks appear when the complexity of the situation increases suddenly and/or the 
driver is involved in several tasks. An adaptive interface should take care that the 
driver remains in the “safe task load area”.  Figure 1 shows how the three cognitive 
load factors determine the adequate load area, and the regions of under- and overload. 

3   Adaptation and Central Management 

Currently, the difficulty of adding new applications and services to an existing in-
vehicle system often means that stand-alone solutions are introduced, each with its 
own Human Machine Interface (HMI). As the number of new intelligent services 
increases, therefore, so does the number of human-machine interfaces. This may lead 
to potentially dangerous situations given that each application competes for the 
driver's attention and that the driver may be distracted by the HMI's blinking, beeping 
or speech [13]. In current practice, services provide information to the driver 
automatically. In other words, the driver cannot decide whether information comes in 
at the appropriate moment. That is, at a moment which will not cause distraction and 
when the primary driving task has a sufficiently low workload. Secondly, not all 
information is equally essential at the same time. 

To guarantee that driver’s workload is kept low enough to allow a safe driving, 
there is the need to design and develop an on-vehicle multimedia HMI, able to 
harmonize the huge volume of messages coming from the new and traditional 
functions for the driving support. At the same time the HMI should be able to control 
and manage all the different input and output devices of the vehicle in order to 
provide an optimised interaction between the driver and the vehicle.  

A central management system like this should manage the information data flow 
coming from the different in-car tasks, according to the current traffic and 
environment assessment and to the driver’s state in terms of distraction, fatigue and 
alertness. Driving workload managers continually assess the difficulty of driving and 
regulate the flow of information to drivers that could interfere with driving, such as 
automatically diverting an incoming phone call to an answering machine when a 
driver is turning at an intersection. Therefore Green [14] defined a workload manager 
as a device that attempts to determine if a driver is overloaded or distracted, and if 
they are, alters the availability of telematics and the operation of warning systems . 

The final goal of a central management system is to let the in-vehicle communication 
to adapt to: 

• the state of the driver,  
• the vehicle and the surrounding environment  
• the different in-car tasks 

Workload managers often use a look-up table to determine the workload from the 
rules. Real workload managers depend primarily on sensors that are already installed 
in a vehicle.  

It still is a real challenge to measure in real time the state of the driver. Eye-
tracking systems can measure the time and frequency of the driver’s eyes off the road 
(i.e. not looking at the road ahead) and the amount of visual time sharing, in which the 
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driver is continuously sharing his visual focus between the road ahead and something 
else (like an in-vehicle display). Cognitive distraction, in which the driver thinking, 
daydreaming or taking part in a conversation, is much more difficult to measure. 

Measuring eye fixations is extremely difficult under any situation and particularly 
difficult to accomplish at low cost in a moving vehicle. Direction of gaze can be 
determined by measuring the electrical potentials around the orbit or shining an 
infrared beam off of the cornea and measuring its angle of reflection. Now various 
video based systems track the face, find the eye, and then by judging the amount of 
white on either side of the iris, determine the direction of gaze.  

Technologies designed to detect declines in driver alertness due to drowsiness or 
fatigue have involved monitoring the driver’s physiological state (heart rate, brain 
activity etc) as well as bio behaviour (head movements, eye movements etc) or 
performance (lane deviations, speed variability etc). In simulator studies there has 
been a high correlation between physiological and behavioural deterioration in the 
fatigued or drowsy driver. However, analyses of on-the-road performance data from 
commercial vehicle drivers have shown much lower correlations between bio 
behavioural and performance measures, because deliberate or strategic driving in the 
real world is a large component in the variability seen in the performance measures 
such as lane keeping. In addition to monitoring the driver to detect drowsy driving, a 
second option is to monitor the vehicle that is being controlled by the driver. Vehicle 
measures have several advantages over driver measurements. They have greater face 
validity and are less obtrusive. Steering wheel movements for example have shown 
promise as an early indicator of impaired performance as well as lateral lane variance. 

In general it is believed that a combination of bio behaviour and performance 
measures are important components of an overall drowsy driver monitoring and 
detection system. However, a performance measure alone is not sufficient to predict 
drowsiness. 

Measurement of the surrounding environment can be done by taking into account 
the current road type and the speed that the vehicle is driving on that road type from 
vehicle sensors. By combining these two, one can get an indication of the traffic flow 
and the workload the environment imposes on the driver (see Table 1 for an example). 

Table 1. Simple lookup table with information from the environment and the effect on driver 
workload 

Road Type Velocity [km/hr] Driver Workload 
Highway 0-30 Low 
 30-50 Medium 
 50-80 Medium 
 80-100 Low 
 100-120 Low 
 >120 High 
Roundabout 0-30 Medium 
 30-40 High 
 >40 High 
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4   Adaptive Interface Examples 

4.1   CoDrive 

Recently, the Dutch Co-drive project developed a demonstrator to show how an in-car 
system can attune the provision of applications and services to the current driving 
context [13]. The proposed CoDrive system consists of three components. First, a 
common Human-Machine Interface (HMI) for different applications and services 
aims at improved road safety while maintaining optimal freedom and flexibility with 
regard to the content. Second, a distributed in-vehicle ICT platform enables 
information sharing, while guaranteeing undisturbed, real-time behaviour of each and 
every application and service. Third, additional support for the driver focuses on 
enhanced effectiveness and safety of his or her journey. 

The HMI framework, or management system contains: an auctioneer (prioritising 
mechanism), a workload estimator, a set of design rules, and a basic display lay-out. 
Essential to the framework is that each service is responsible for and generates its 
own HMI. This HMI, however, has to comply with the design rules and with the 
framework interaction mechanisms. In this way safety is increased while application 
developers are constrained to a minimum. 

Every service that wants to use the shared HMI sends a Request to the auctioneer 
accompanied by three variables: “Identity”, “Priority” and “Workload”. The 
auctioneer determines which service is granted access to the screen. It separates 
requests that have a higher workload than allowed – information delivered by the 
workload estimator – from the ones that comply with the allowable workload. If 
requests comply with the allowable workload the auctioneer selects the ones with the 
highest priority and then gives the request that came in first access to the HMI. At any 
time, the user may request a service to show its information by pushing the 
corresponding service button on the touch screen display. The auctioneer once again 
handles the request and passes the request to the corresponding service. The service 
then activates an HMI compliant with the allowable workload. The auctioneer 
disables the user buttons when the allowable workload is lower than the minimum 
workload of the corresponding service.  

andReisleiding Messaging Agenda FrictieMonitor ….Reisleiding Messaging FrictieMonitor …. Reisleiding Messaging Agenda FrictieMonitor ….Reisleiding Messaging e FrictieMonitor ….Reisleiding Messaging FrictieMonitor ….Reisleiding Messaging FrictieMonitor …. Reisleiding Messaging e FrictieMonitor ….Reisleiding Messaging e FrictieMonitor ….

 

Fig. 2. Example of a high and low workload HMI 
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4.2   AIDE 

The main objective of the ongoing EU project AIDE is to improve driver system 
interaction in terms of distraction and usability to increase driving safety and improve 
user comfort [15]. In order to reach this goal the AIDE project, in contrast to usual 
approaches, is focused on: 

• considering the effects of HMI interdependences, i.e. for example preventing 
interference between different messages presented at the same time to the 
driver; 

• taking into account the driving situation, driver state and driver preferences to 
adapt the HMI according to these conditions, i.e. the interaction may be 
changed in critical conditions or according to the preferences to reduce 
driver’s distraction and to draw drivers attention to the driving task; 

• including nomad devices in a common in-vehicle HMI in a way that they do 
not differ in terms of the HMI strategy from integrated applications. 

In AIDE the communication between the driver and the in-vehicle system is 
managed by a central intelligence to avoid critical effects of interdependences. This 
intelligence, named “Interaction and Communication Assistant” (ICA) ensures that 
the information is given to the driver at the right time and in the right way and that 
only functions that are relevant in the present driving context are active. ICA is 
responsible for managing all the interaction and communication between the driver 
and the vehicle, based on the assessment of the driver-vehicle-environment (DVE) 
state/situation. This includes the selection of modality for presentation, the message 
prioritisation and scheduling and the general adaptability of the driver-vehicle 
interface (e.g. display configuration and function allocation). 

Within AIDE three different demonstrators are being built that cover different 
vehicle types; a luxury car demonstrator, a city car demonstrator as well as a system 
applicable for trucks. At this moment the three demonstrators are being evaluated in 
in-road studies. 

5   Conclusions 

This paper presented theory, the design space and some examples of adaptive in-car 
information and service presentations.  According to this theory, time pressure, level 
of information processing and task switching or sharing define the critical load areas. 
Adaptive interfaces should provide estimations of the load on these three dimensions 
and attune the service and information provisions in order to change the load on these 
dimensions when needed (e.g., simplify the navigation task by providing simple 
routing information or filter information to minimize task switching or sharing). The 
theory also shows that underload can be reduced by “enrichment” of the task 
environment or by stopping when attention cannot be paid to the driver task due to 
prolonged boredom. 

Via sensing the driver state, driver behaviour, information provision and 
environmental conditions, the actual critical load areas can be quantified, and the in-
car interfaces can be changed to establish adequate load levels. The most important 
developments in this area are the Advanced Driver Assistance Systems (ADAS) and 
In Vehicle Information Systems (IVIS). For attuning the different functions and 
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services to each other, these developments provide a HMI platform on which these 
functions are integrated. For attuning the functions to the driver, they provide 
estimations of the momentary state of the driver and of the intentions of the driver at a 
certain moment. In this way, these systems try to ensure that the information from the 
different services is presented to the driver without causing driver overload and 
endangering traffic safety.  
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