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Abstract 
This paper presents a pilot study comparing various modalities 
for control and presentation of a multi-modal in-car e-mail 
system. A simple interface for reading e-mail was constructed, 
which could be controlled manually by pressing keyboard 
buttons, by speech through a Wizard of Oz setup, or both. The 
e-mail program was presented visually on a VDU, read to the 
driver through speech synthesis, or both. Results indicate that 
in this context subjective task load was highest when 
manual/visual interaction was used. A solution may be 
interaction through user-determined modality selection, as 
results indicate that subjects judge their load lowest and 
performance and preference highest among the tested 
conditions when they are able to select the modality. Some 
evaluation issues for multi-modal interfaces are discussed. 

1. Introduction 
Interaction in car systems is continuously increasing in 
functionality and complexity, since current technology enables 
integration of complex electronics and software in cars, and 
car manufacturers try to offer many functions to their 
customers. However, drivers can experience problems with 
combining the driving task with complex interactions with the 
systems in the car cockpit. Accidents as a result of interaction 
with mobile phoning while driving has brought about 
prohibition by law of hand-held phoning in many countries. 

In general differences in performance, cognitive load, and 
preference between multiple modalities are an increasingly 
hot topic in the human-machine interaction society. As the 
discussion of literature on this subject regarding driving by 
Lee et al. [1] points out, the potential distractive effect of 
visual displays on driving has been extensively researched, 
but few have researched the effect of speech-based displays. 
Telephone use in cars has been found to be distractive (e.g. 
Alm & Nilsson [2]), and similarities with (phone) 
conversation suggest that speech-based interfaces could also 
reduce performance. However, speech-based interfaces are 
fundamentally different from mobile phones, in that poor 
quality and error recovery in synthetic speech and in 
automatic speech recognition (ASR) can become an issue, 
and because of potential problems in recalling commands, 
dialogue syntax, and underlying menu structure [1]. Research 
on speech-based interfaces has thus become necessary 
because of their unique characteristics and the trouble with in-
car phoning. Lee et al. [1] concluded in their study that 
speech-based interfaces of in-car e-mail systems also impose 
substantial cognitive load. It would thus be interesting to 
study the differences between handling speech-based 
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ces versus manual/visual control and presentation while 
g, which has not been researched much, as well as the 
ility to let the driver decide which modality to use in 

cting with an in-car e-mail system. It is the effects on 
mance, preference, and subjective task load of speech-
 and manual/visual displays that this paper addresses. 
ypothesis is that drivers would judge themselves to have 
ognitive load when themselves being able to select the 

natural and convenient modality of interacting with the 
, while performing the driving task better, relative to 

termined single-modality solutions. We also raise some 
 about the experimental evaluation of multi-modal 
ces.  

2. Method 

riving Simulator 

onducted a driving simulation experiment at the multi-
e simulation research environment at the Division of 
trial Ergonomics at Linköping University. 
he driver’s view of the road and the world were 
ted on three connected screens covering the driver’s 
l and peripheral vision, with 160 degrees horizontal 
of view. Each screen had a 1024x768 resolution. The 
ics were rendered in real time in response to driver’s 
s. No force feedback or tactile simulation was involved. 
imulated car had an average performance and automatic 
shifting. The simulated environment consisted of a 
l Swedish rural road with a speed limit of 90 km/h and 
rd road layout, delineation, signs, and one meeting car 

 opposing left lane. 

 
Figure 1: Driving research simulator at LiU. 



 
 
 

2.2. Experimental Design 

The subjects driving were 7 students participating in the 
undergraduate course Human Factors in Driving Safety. The 
experiment was part of the course and subjects did not get 
paid to participate. Subjects had an average driving 
experience of 6.7 (± 3.1) years and had during the last year 
driven 11.1 (± 2.4) thousand km on average. 

The dependent variables that were measured were the 
road behavior in terms of position on the road, steering 
amplitude, and speed, subjective task load through NASA-
Task Load Index (TLX) [3] and preference through a 
questionnaire. The independent variables that were 
manipulated were the modality of presentation, which could 
be visual and by synthetic speech, and the modality of 
control, which was manual or through speech recognition. 
The combination of these raised three conditions (manual 
control with speech presentation only was not tested), and a 
fourth was added with both presentation modalities and 
possibility to use both control modalities (see Table 1). These 
four conditions were tested in a single-factor within-subjects 
design. The order of conditions was randomized. 

F

Table 1: Independent variable conditions. 

Control 
 

speech manual 
speech 1  

Presentation 
visual 3 2 

4 

2.3. E-Mail and Navigation System Interface 

A display with a simple e-mail program was implemented. 
Synthetic speech was generated by a male voice from 
CoolSpeech 5.0. Speech recognition was simulated as a 
Wizard of Oz (WOz) setup, one of the authors manipulated 
the interface responding to speech commands from the driver. 
The vocabulary was simple and easily learned beforehand, 
slight errors were accepted as correct input, ASR errors were 
not simulated, and error correction was not tested in this 
experiment. Manual control was done by button pressing on a 
partly covered keyboard, orange stickers were attached; the 
letter ‘S’ on the enter key for Selection, ‘E’ on PageUp for E-
mail, and ‘N’ on PageDown for Navigation. These three keys 
and the arrow keys were used for controlling the interface 
manually.  
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Visual presentation (see Figure 2) was done on a 21” 
CRT, because of practical reasons along with the speedometer 
(see Figure 4). Both keyboard and CRT were located on the 
right-hand side of the steering wheel (see Figure 3) and were 
operated with the right hand. 

2.4. Task 

The primary task for the subjects to perform was driving 
according to normal traffic rules; on a road with a maximum 
speed of 90 km/h with some curvature but without turns. 
Subjects were told to drive at minimum 50 km/h. While 
driving, they were supposed to interact with the e-mail 
system. The scenario was that the subject had an appointment 
in another city, but the location and the time were unknown at 
the time of leaving home. 

  
 
igure 2: Screenshot of the Navigation window after 

selecting the city of destination. 

 
Figure 3: The driver’s cockpit with steering wheel, 

pedals, chair, CRT, and keyboard. 

ubject would receive an e-mail message with the contact 
s (city, hotel, address, time) while driving. The required 
ation was to be retrieved from the e-mail system and 

d into the navigation system, which was the second 
nu on the interface. 

he first step was always to start the system, where after 
rogram took 15 seconds to start up, initialize the 
ation system and retrieve e-mail.  
hen controlling the interface, almost the same sequence 

mmands and presentations were applicable for speech 
anual/visual interaction. The speech commands were 
and simple. Manual interaction needed only a few 
 presses of Selection, E-mail, Navigation, and arrow 
s. After selection of the e-mail menu, the second e-mail 
ge needed to be selected from a list of three e-mail 
rs that was presented. The destination (city, hotel, 
ss) that was obtained from e-mail would finally be 
d in the Navigation submenu. To do this manually, 
ts could select a city out of a list of 5, and then a hotel 

f a list of 6, while 6 hotels with their addresses were 
ted (a recognition task). To do this by speech, subjects 
 tell the system the city and hotel name (a recall task). 

cts could return to the E-mail submenu if they had 
ten the destination. 



 
 
 

3. Results 
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3.1. Performance 

One indication of performance that was measured was the 
completion time of the system interaction task. The average 
time for the tasks ranged from 45 to 59 seconds, an effect 
between the task conditions on completion time was not 
significant (F(3,18) = 1.71; 0.10<p<0.25). 

Another indicator of performance was the velocity of 
driving. There are several indicators to observe regarding 
velocity, for instance the ability to maintain the appropriate 
speed reflected in the average speed and in the standard 
deviation over time from the average speed. However, the 
average speed (overall about 86 km/h) was not significantly 
affected by the four conditions (F(3,18) = 0.74; p>0.25), 
neither was the standard deviation of speed (F(3,18) = 0.23; 
p>0.25). 
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As a third indicator of performance the standard deviation 
in steering wheel amplitude has been investigated. The 
rationale behind this measure is that the more distraction a 
display causes, the more steering wheel movements the driver 
has to make to keep the vehicle on the road, causing a higher 
value of the standard deviation in steering wheel amplitude. 
This effect was significant (F(3,18) = 3.30; p<0.05), in favor 
of condition 1 and 2 (speech/speech and manual/visual) (see 
Figure 4). Interesting correlations found in this context were 
the correlation between average speed and steering wheel 
movement of 0.82, and between task completion time and 
steering wheel movement of –0.50. 

Driving path precision was not measured directly because 
of the limited resources of this project. Normally, the distance 
of the car to the center of the road can also be recorded. 
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Figure 4: Average standard deviation of steering wheel 
amplitude for each condition. 
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3.2. Subjective task load 

A NASA-TLX questionnaire was filled in after each 
condition. Subjective task load ratings of 6 of the 7 subjects 
were obtained. The results are illustrated in Figure 5. 

 
 

1 2 3 4

Mental

Physical

Temporal

Performance

Effort

Frustration

 

ure 5: Average NASA-TLX scores for each condition. 

 2 summarizes significance tests on the effects of the 
onditions on the NASA-TLX factor scores. The four 

tions have a significant effect on mental and physical 
d, performance, and frustration, according to the 
tive ratings. 

Table 2: Significance(*) of NASA-TLX factors. 

Factor F(3,15) p 
Mental demand* 4.96 < 0.025 
Physical demand* 4.11 < 0.05 
Temporal demand 1.50 > 0.25 
Performance* 3.85 < 0.05 
Effort 3.13 < 0.10 
Frustration* 3.87 < 0.05 

2, manual control and visual presentation, was mentally 
hysically most demanding, invoked worst performance 
aused most frustration. Task 4, where the subject could 
 which control modality to use with both presentation 

lities, was mentally and physically least demanding, 
ed best performance and caused least frustration. 

references 

ubjects also completed a questionnaire asking about 
preference for interfacing with the four conditions of 
ces. For the first phase of checking e-mail, that is 
g headers and selecting one of them, results indicate 
anual/visual interaction is less preferable than the other 
conditions, which were about equally preferable. The 
pattern was seen for starting the system and for 

cting with the navigation part of the interface. For 
ing the information from the e-mail itself, conditions 2 
, which included visual presentation, were preferred 
conditions 1 and 4 with speech presentation. These 
s should however be read as indications, a three-point 
from 1 for minimum preference to 3 for maximum 
ence was used, no statistical tests were performed. 



 
 
 

4. Discussion and Conclusions 
Both on the subject of multi-modal interaction and on the 
methodological level, several points can be taken from this 
study in combination with previous studies and theories of 
cognition. 

This study has used various methods to investigate the 
effects of various presentation and control modalities in a 
dynamic complex environment. We triangulated results 
through performance measurement, and subjective task load 
and preference questionnaires. This also allows us to verify if 
convergence of these measures occurs. 

The performance results did not show a significant effect 
in terms of task completion time, average velocity, and 
standard deviation of velocity between the various 
combinations of control and presentation modalities. 
However, a significant effect of standard deviation in steering 
wheel amplitude was observed. Since the correlation between 
that measure and average velocity is high, this significance 
could be less meaningful. Future work should consider 
measuring the deviation from the center of the road, so that a 
better evaluation can be performed on vehicle control. 

Subjective task load measures indicated that interaction 
through manual control and visual presentation was mentally 
and physically perceived as most demanding, invoked worst 
perceived performance and caused most frustration. When 
subjects could decide which control modality to use with both 
presentation modalities, they perceived this as mentally and 
physically least demanding, with best performance and least 
frustration, confirming our hypothesis. However, these results 
are generated by analyzing a simulated ASR system without 
simulation of recognition error, which makes a generalization 
to present-day interfaces regarding the advantage of speech 
rather fragile. Nonetheless the comparisons between 
conditions given the absence of ASR errors is still interesting. 

Preferences from the subjects suggest that for starting the 
system and for interacting with the e-mail and navigation 
parts of the interface, speech/speech, speech/visual, and fully 
mixed modality interaction were equally preferable, and that 
they were less preferable than manual/visual interaction. For 
reading/hearing the content of the e-mail, however, data 
suggests that visual presentation was preferred. This indicates 
subject preference to use the environments possibility of 
having knowledge in the world, as a way of distributed 
external memory. Future research should use a more unified 
standard for preference measurement. 

The subjective measurements of task load converged 
fairly well towards a positive evaluation of mixed modality 
interaction. Performance measurement, however, was not 
decisive in favor of any modality considering the relative 
importance of the only significant indicator, the standard 
deviation of steering wheel amplitude. Preferences indicated 
that it is important to address the various parts of the task 
individually, since they diverge in that aspect. The 
methodological conclusion from these results can be that 
multiple measurement methods are important, since they 
teach different things about different aspects of the task. 

What should one do if subjective measurement of task 
load, and of preference, and performance measurement 
diverge? Qualitative research and specific attention for 
individual subject’s behavior when interacting with speech 
recognition may give additional information to decide on a 
suitable interface design, speech vocabulary, error recovery 
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[4] 
nism, etc. For example, for some of the subjects, 
ss information may be more familiar than for others 
g it easier to remember. If information is unfamiliar (as 
e assumed in this case since addresses were fictitious) 
ternal memory function of the environment through 

 display may be preferred.  
n the methodological side, the validity of this study 
 to be discussed. With the synthetic environment that 
sed in this experiment we attempted to provide subjects 
a context with enough realism to be able to draw 
sions about the implications of multi-modal interaction 

l-life car driving. As John Flach puts it, “reductionistic 
iments can lead to important insights about meaning 
 a work domain. The key is to parse the phenomenon so 

ignificant constraints with respect to the work domain 
eserved” [4, p. 97]. Real-world constraints such as other 
 participants, different lighting conditions, and risk and 
ment for example, have so far not been taken into 

nt. Regarding speech technology, the amount of noise 
the car and passengers, recognition error, and error 

ery mechanisms need to be taken into account in future 
 
his pilot study thus provides a platform for the general 
ach toward evaluation of speech-based and multi-modal 
ces, emphasizing the use of several measurement and 
tion methods, which can be applied to more specific 
orld contexts. 
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