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Abstract 
 

Car Human-Machine Interaction (HMI) is becoming increasingly complex as the 
extension of functionality necessitates new interface concepts. Various multifunctional 
systems operated by haptic rotary switches, touch screen, and voice control have been 
developed. A usability study of multifunctional systems available on the market was 
carried out to evaluate and compare different manual interaction principles. The systems 
used in the study were the BMW iDrive and the Audi MMI, both operated by a rotary 
switch, and the Jaguar touch screen interface. Firstly, a usability test was conducted 
where two naive and two trained participants tested each system during driving. Ten 
tasks, comprising CD, radio and navigation were solved by the participants. Secondly, 
six evaluators carried out a usability inspection, heuristic evaluation, to find possible 
problems in the systems. The results from the usability test indicated that the naive users 
interacted more rapidly with the touch screen interface. Trained users, on the other 
hand, had more even results over the systems. The problems found in the usability 
inspection gave explanations to some of the longer task times in the usability test. 
 
Keywords: Human-Machine Interaction, multifunctional system, usability evaluation, 
heuristic evaluation, car interface.  
 
1. Introduction 
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The amount of in-vehicle equipment has been increasing, and a number of safety, 
communication and comfort functions are now integrated in new cars. These functions 
make the car more convenient and comfortable, but concurrently the driver-vehicle 
interface is becoming more and more computerized and complex. To tackle the growing 
number of in-vehicle functions the trend is to use haptic, auditory, and visual sensory 
modalities in the HMI and to integrate several in-vehicle comfort functions into one 
multifunctional interface (Bengtsson, Grane & Isaksson, 2003). As the visual attention 
should be on the road during driving it is preferable that other modalities are 
incorporated for interaction with in-vehicle functions. Automatic speech recognition has 
shown to be a good solution that makes the handling of functions less demanding 
(Graham & Carter, 1999). However, additional manual controls are still required. 
Informative haptic feedback in a control can support the manual communication with a 
system (Grane & Bengtsson, 2005). Multifunctional interfaces are operated by manual 
devices such as rotary switches and touch screens. These systems make the dashboard 
less intricate, but as consequence, previously simple control operations have become 
more complicated, requiring a number of discrete steps (Burnett & Porter, 2001). 
Therefore, the time that is required to access some functionality increases when 
compared to standard dash mounted controls, consequently endangering to increase the 
eyes of road time (Summerkill, Porter & Burnett, 2004).  
 
To facilitate the operation of multifunctional controls and to minimize the eyes of road 
time various interaction principles are applied by the manufacturers. Manual input 
devices that are located next to the relevant displays, is a characteristic that defines the 
colocation principle. Touch screen displays are an example of design that maximizes 
stimuli-response compatibility through colocation (Wickens & Hollands, 2000). 
However, colocation may not be the most important issue in car HMI. Burnett and 
Porter (2001) reported that touch screens are likely to require significant visual attention 
on the part of the driver, as a consequence of the basic lack of tactile and kinesthetic 
feedback. A touch screen also requires a low display location to be within reach for the 
driver. The importance of display location has been proved in automotive research. For 
optimal driver performance, the in-vehicle displays should be located as close to the 
center of the windshield field of view as is practical (Dingus, Hulse & Barfield, 1998). 
Controls in close proximity to the driver demands less resources than controls that are 
located farther away. Multifunctional systems controlled by a device placed on the 
center console or at the steering wheel give the user interaction means within close 
reach. It also allows for a high display location. However, when the control and display 
is not colocated, the spatial array of controls has to be congruent with the spatial array 
of displays (Wickens & Hollands, 2000). 
 
The three systems used in the evaluation reported in this paper represent practical 
examples of the interaction principles above. The BMW iDrive (Figure 1) is based on 
the principle of a rotary switch with haptic feedback (programmed to provide diverse 
tactile feelings for different functions). The rotary switch and a menu button are located 
on the centre console and the system display has a high location on the dashboard. The 
rotary switch is moved in four directions for menu selection, rotated for menu 
navigation and pressed for activation. The menu button takes the user to the main menu. 
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Figure 1. The BMW iDrive. 

 
The Audi Multi Media Interface (MMI) (Figure 2) is also based on a rotary switch 
(which provides unchanging haptic feedback). The switch is placed on the centre 
console and the main display is placed at the upper end of the dashboard. Additionally, 
eight external keys are placed at the sides of the rotary switch providing direct access to 
the system main functions. Further, four keys are positioned around the rotary switch 
and are used to activate functions shown in the corners of the display. There is also a 
return button, which takes the user to a higher menu level. In the system the rotary 
switch is rotated for menu navigation and pressed for activation.  
 

   
Figure 2. The Audi MMI. 

 
The Jaguar system (Figure 3) is based on a touch screen placed on the centre console, in 
a reachable distance for the diver. The display has a lower location than the displays in 
the previous systems. Physical keys for the main functions are placed at the sides of the 
display. Subordinated functions are represented as buttons in the display, and are 
virtually pressed for selection.  
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Figure 3. The Jaguar touch screen interface. 

 
The BMW iDrive has the highest level of function integration of the systems in the test, 
as almost all actions are made with the rotary switch. The Audi MMI and the Jaguar 
touch screen both have different external keys, i.e. a lower level of function integration. 
The BMW iDrive and the Audi MMI provide haptic feedback in the rotary switch, 
whilst the interaction with the Jaguar touch screen is primary visually based. The 
intention of the usability study was to evaluate and compare these different 
multifunctional interaction principles. 
 
2. Method 
 
2.1 Usability test 
The test involved four participants, divided into two groups, naive and trained. The 
naive participants had no prior experience of the systems and were only informed about 
the interaction techniques. The trained participants had prior experience of the systems 
and were instructed to study manuals of the systems beforehand. They also got a few 
minutes interaction practice before the test took place. The participants were only 
allowed to manipulate the systems with the switches positioned on the center console. 
 
The functions tested were navigation, radio and CD. Ten tasks were given to the 
participants during a 20 minute driving route, mainly motorway. The participants 
completed the first task when the car was parked, and then they drove for ten minutes 
before carrying out the rest nine tasks. The following ten tasks had to be solved: 
 

1. Activate the navigation target Göteborg – Importgatan  
2. Turn on the radio station P3 
3. Seek for the radio station Rix FM 105,9 
4. Save the station 
5. Play the 4th song of the CD 
6. Activate the navigation map 
7. Zoom in 
8. Play the 9th song of the CD 
9. Turn on the function Mix (or Random) 
10. Activate the navigation target Göteborg – Teorigatan, which is saved in the 

address book (or as a memory point) 
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Performance was measured by task completion time, taken by the test leader in the 
passenger seat. The maximum time was set to two minutes. 
 
2.2 Usability inspection 
Six evaluators, all professionally active in the area of HMI, participated in a usability 
inspection, heuristic evaluation, of the user interfaces. The goal of a heuristic evaluation 
is to find the usability problems in a design (Nielsen & Mack, 1994). The method 
involves having a small set of evaluators examine how well an interface complies with 
recognized usability principles, heuristics. In the evaluation the systems were inspected 
by two evaluators at the time. The evaluators spent half an hour in each car. After the 
evaluations were completed all the evaluators discussed their findings with each other. 
 
3. Results and discussion 
 
As can be seen in Figures 4 and 5 navigation input (Task 1) took clearly longer time to 
solve for the naive than the trained participants both with the BMW iDrive and the Audi 
MMI. In the MMI system a usability problem was found in the destination input feature 
(Figure 8). It is indistinct how to get from the spelling of a destination to the hit list. To 
turn on a specific radio station with the BMW iDrive (Task 2, Figure 4) was also more 
difficult for the naive users than for the trained users. In the BMW iDrive radio 
application (Figure 7) the marker jumps from row to row in a transverse manner as the 
switch is turned. The naive users handled the same task much faster with the Jaguar 
touch screen (Task 2, Figure 6) where the user, once in the radio application, has direct 
access to all strong stations (Figure 9). However, both naive and trained users had 
difficulties to save a radio station with the Jaguar touch screen (Task 4, Figure 6). 
According to the usability inspection this could be due to that the function is hidden; the 
user has to know that a long push is required (Figure 9). To zoom in the map (Task 7) 
took noticeable longer time with the Jaguar touch screen for the naive users (Figure 6). 
When zooming in a map a touch screen demands discrete steps for the action whereas a 
rotary switch gives a more intuitive zoom feature.  
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Figure 4. Mean task times for the BMW iDrive. 
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Figure 5. Mean task times for the Audi MMI. 
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Figure 6. Mean task times for the Jaguar touch screen. 

 

 
Figure 7. Radio stations are in the BMW iDrive displayed in oblique lists. 
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Figure 8. Destination input in the Audi MMI system. 

 

 
Figure 9. Radio stations are direct accessible with the Jaguar touch screen. 

 
As the nature of the tasks in the usability test differed it is not really accurate to 
compare the mean times for the whole set of tasks. Although, it can provide some 
information. For naive users a visual touch screen seems to be the easiest, while an 
integrated rotary switch seems to be the most difficult one to operate (BMW 36.8, Audi 
27.9, Jaguar 23.4). However, for trained users the difference between the 
multifunctional interaction principles seems to be small (BMW 16.3, Audi 19.6, Jaguar 
18.1). A possible explanation can be that a touch screen is more intuitive to use for a 
naive user, as no new interaction strategy has to be learned. The user has direct access to 
the functions shown in the display and does not have to move around a marker. It seems 
that for trained users, systems based on rotary switches are as effective. Wikman, 
Niemeinen, and Summala (1998) observed that novice drivers tend to dwell for 
significantly longer periods than experts as they dial a cellular phone or tune a radio 
dial. Obviously eyes off road time would show interesting additional information.  
 
The usability problems found has a lot to do with the graphical interaction solutions and 
less to do with the actual manual interaction principle. And the results from the usability 
test should be seen as tendencies, due to a small sample size and the possible variation 
of the traffic situation. The systems have unequal amount of functions and a function 
might be on different depth in the menu structure for the systems. Another shortcoming 
in the usability test is that both the naive participants were female and both trained were 
male. Interaction performance for the different techniques may differ between females 
and males and this should be further investigated. Hence, the study has many 
uncontrolled experimental variables. However the study serves as a basis for discussion 
and further investigations of different manual interaction methods for multifunctional 
systems. A more controlled experiment with touch screen versus rotary switch would 
obviously be the next step from here. 
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