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Abstract 

A human-centered approach when developing new support systems in vehicles has the 
potential to enable the driver to make safe decisions in the transition between manual 
and automatic control. However, careful considerations have to be taken. Not only 
would the design of the systems, in terms of interface be important, but also what kind 
of activities the systems support. The aim of this study was to identify an appropriate 
activity to support the cognitive processes for truck drivers, develop an interface for this 
activity, and evaluate it in driving situations. This was executed in three sub-studies: the 
Pre-study, the Design-study, and the Evaluation study. 

In the Pre-study, the aim was to investigate for what kind of driver-related activity distri-
bution and long haulage truck drivers need a driver support and interface. This was in-
vestigated via contribution from truck drivers, HMI/Ergonomics experts, as well as en-
gineers. The activity chosen to support was detecting objects around the vehicle. Howev-
er, reconsiderations were made due to constrains in the simulator. Suggested by Scania’s 
Vehicle Ergonomics group a holistic system was chosen; an interface approach enabling 
for more technologies to be included within the same interface, reducing the amount of 
modalities a driver can be exposed to. 

The Design-study addressed the aim of designing an interface for the Holistic system 
with truck drivers’ cognitive workload in focus. A LED-prototype was built running 
along the window edges inside the cab of Shania’s Vehicle Ergonomics groups’ simula-
tor, to create warning signal concepts. Literature findings, the LED-prototype, and the 
simulator were used in an iterative process to design and improve warning signal con-
cepts, until two final concepts were created. The holistic system informs of hazards 
around and near the vehicle by lighting the area risky objects occurs to guide drivers’ 
attention and this was done either with 1) the informative display or, 2) the directional 
display. The Informative display conveys information of a hazard location and type, and 
the Directional display exclusively conveys information of the hazard location. 

The Evaluation study explored how drivers were affected by, and how they perceived, 
the holistic interface design regarding mental workload and hazard detection. A user sim-
ulator test was designed to collect data within the areas of ‘Event detection’, ‘Workload’, 
‘Driving performance’ and ‘Subjective opinion’. Fourteen professional truck drivers as-
sessed three conditions: 1) Baseline (driving without a system), 2) the Informative dis-
play, and, 3) the Directional display, while being exposed to potential hazards. To further 
increase workload, a secondary task was performed at the end of each condition. 

The results showed that the Informative display did not only result in more ‘Detection 
hits’, instances when a driver responded to a present hazard, but also significantly de-
creased reaction time to detect a hazard. However, in terms of acceptance, the two con-
cepts were considered equally preferred. As the Informative display showed to be more 
efficient in terms of hazard detection, this should be investigated further. A holistic inter-
face enables for more systems to be included within the same interface, reducing the 
amount of alarms and modalities drivers are exposed to if designed skillfully. Thus, more 
support systems can be included in future vehicles, without causing unnecessary distrac-
tion when applying a holistic interface approach. 

 

Key words 
Driver support, Cognitive workload, Attention, Holistic interface design,                    
Cab environment, Simulator study, Professional truck drivers, User-test.  
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Sammanfattning 

Ett människocentrerat förhållningsätt vid utveckling av nya stödsystem i fordon 
möjliggör för förare att ta säkra beslut i övergången mellan manuell kontroll och 
automation. Men noggranna överväganden måste tas. Inte bara systemets utförande i 
form av gränssnittet är av stor vikt, utan även vilken typ av aktivitet som stöds. Syftet 
med denna studie var att identifiera en lämplig aktivitet att stödja lastbilsförares kognitiva 
processer, utveckla ett gränssitt för denna aktivitet och utvärdera gränssnittet i en 
körsituation. Detta utfördes i tre substudier: Förstudien, Designstudien samt 
Utvärderingsstudien.  

Förstudiens syfte var att undersöka för vilken typ av körrelaterad aktivitet distributions- 
och långtransportförare behövde ett förarstöd och gränssitt. Detta undersöktes med 
bidrag från lastbilsförare, HMI/Ergonomi experter samt ingenjörer. Den valda 
aktiviteten blev upptäcka objekt framför och kring lastbilen. Dock ändrades den valda 
aktiviteten på grund av begräsningar i simulatorn. Förslaget från Scanias Ergonomigrupp 
för förarhytten blev ett Holistiskt system istället; en gränssnittsstrategi som möjliggör att 
fler tekniker och system att inkluderas i samma gränssnitt, vilket minskar antalet 
modaliteter en förare kan bli utsatt för.   

Designstudien behandlar syftet beträffande utformningen av gränssnittet för det 
holistiska systemet med avseende på lastbilsförares kognitiva belastning. En LED-
prototyp byggdes, denna löpte längs med fönsterkanten i förarhytten på Scanias 
Ergonomigrupps simulator, för att skapa varningssignals-koncept. Resultat från litertur, 
LED-prototypen och simulatorn användes i en iterativ process för att utveckla och 
förbättra varningssignalerna. Det holistiska systemet informerar om faror runt fordonet 
genom att tända ljus i det område riskfyllda objekt upptäckts för att leda förarens 
uppmärksamhet och detta görs med något av de två utvecklade koncepten: 1) det 
informativa varningskonceptet eller 2) det riktningsgivande konceptet. Det informativa 
konceptet förmedlar information om farans placering och typ, medan det 
riktningsgivande varningskonceptet enbart förmedlar information om farans placering.  

Utvärderingsstudien utforskade hur förare påverkades av och hur de upplevde det 
holistiska gränssittet med avseende på mentalbelastning och upptäckten av faror. Ett 
användartest i en simulatorutvecklades för att samla in data inom områdena Upptäckt av 
faror, Mentalbelastning, Körförmåga samt Subjektiv uppfattning. Fjorton professionella 
förare bedömde tre tillstånd: 1) Baslinje (körning utan ett system), 2) det informativa 
varningskonceptet och 3) det riktningsgivande varningskonceptet, medan de blev utsatta 
för potentiella faror. För att öka den mentala belastningen utfördes en sekundäruppgift 
vid slutet av varje tillstånd.  

Resultaten visade att det Informativa varningskonceptet inte enbart resulterade i fler 
upptäckta faror, tillfällen då förare förreagerade på en närvarande fara, utan även 
signifikant minskade reaktionstider att upptäcka faror. Däremot föredrogs båda 
koncepten i samma utsträckning med avseende på acceptans. Då det informativa 
varningskonceptet visades sig mest effektivt gällande upptäckten av faror borde denna 
undersökas vidare. Ett holistiskt gränssitt möjliggör för fler system att inkluderas i samma 
gränssitt och minskar mängden alarm och modaliteter som en förare kan utsättas för om 
det designas skickligt. Om ett holistiskt gränssnitt tillämpas kan därmed fler stödsystem 
innefattas i framtida fordon utan att orsaka oönskad distraktion.   

Nyckelord 
Förarstöd, Kognitiv belastning, Uppmärksamhet, Holistiskt gränssnittsdesign, 
Förarmiljö, Simuloart studie, Professionella lastbilsförare, Användartest. 
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1 Introduction 

This master thesis was conducted within the master program Ergonom-
ics/Human, Technology and Organization at the School of Technology and 
Health, Royal Institute of Technology and it was performed at Scania CV AB’s 
Ergonomics Group (RCDE), a part of the Styling and Vehicle Ergonomics de-
partment. Scania develops and manufactures trucks and buses and the Vehicle 
Ergonomics group works for creating a user-friendly cab environment, from a 
physical as well as from a cognitive aspect. This thesis was a part of the cognitive 
group with further focus on automation.  

1.1 Background and description of the problem  

Automation makes it possible to perform task humans have difficulties to carry 
out or tasks that would require a lot more effort to perform. However, it becomes 
more and more important to consider the human aspects in a system since tech-
nical systems develops fast in complexity and because the supervision and execu-
tion always depends on the human at the sharp end, even though the automation 
performs the main task (Bohgard, 2008). 

The extent of automated systems in vehicles today reaches from automatically 
triggered functions (i.e. ABS brakes) to assistance systems informing drivers of the 
current state, letting the driver take a decision and carry out an action manually 
(i.e. lane keeping assistance) (Laukkonen, 2012a). To reach a good performance 
and safety when using automatic systems the question of user needs and potential 
consequences is important to consider. However, since the technological possibili-
ties increases, these questions could easily be forgotten in the development to 
achieve new more advanced systems.  

When focusing on optimization of the technology in an automated system (tech-
nology-centered automation) it is common for the human to be left with ill-suited 
tasks resulting in so called out-of-the-loop problems like vigilance decrements, 
loss of operator situation awareness, poor feedback under automated conditions 
or manual skill decay. It has been suggested that by keeping the human involved 
by providing intermediate Levels of Automation (LOA) a better human-system 
interaction and performance can be achieved compared to a highly automated 
system (Endsley & Kaber, 1999). A human-centered approach where the design of 
the automation is compatible with the human’s cognitive capacities would there-
fore be of benefit from both a human and systems performance perspective.  

Parasuraman, et al. (2000) define a framework with four functions/types of auto-
mation: Information acquisition, Information analysis, Decision and action selection and Ac-
tion implementation where each type of automation can vary across a continuum of 
levels from low to high (manual to fully automatic). The authors imply that their 
model makes it possible for designers to determine what should be automated in a 
particular system whereas Endsley & Kaber (1999) explores another aspect of the 
subject, the levels of automation. They investigate the degree of the LOA between 
the human and computer to improve the overall human/machine performance. It 
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can therefore be said that how a certain system should be designed is much de-
pending on the task to be performed.  

A semi-autonomous system is found between a fully automatic and manual oper-
ating system where the level of automation can vary. Kaber and Endsley (2004) 
showed that a semi-autonomous system provides higher Situation Awareness 
compared to full automation. Further Van deer Laan et al. (1997, p 1) express that 
it isn’t enough with a system that provides excellent performance as “the equip-
ment has to be appealing and accepted by the driver” especially since it would be 
unproductive to invest in designing and building a system, which is never used or 
even switched off. The function of the system has to appeal the drivers’ needs but 
he/she would also have to understand the information that is given, which is 
achieved with an understandable interface.  

The interface can be described as the bridge between what a system performs and 
the users understanding of it. By providing the right information the user’s cogni-
tive processes can be supported and decisions on how to proceed can be made 
with less cognitive effort/workload (Bohgard, 2008). When Birrell and Young 
(2011) evaluated two interface designs of an In-vehicle information system (IVIS) 
to drive more environmental friendly, it was taken into account that the in-car 
interface should be designed with the driver’s mental restrictions in mind. In order 
to change the driving behavior with respect to driving eco-friendly as well as 
avoiding negative effects of distraction or increased workload, the limits of the 
driver were considered and evaluated. Hence, when designing a driver support the 
function and level of automation shouldn’t just be considered but also the design 
of the interface. An automated system that lets the human stay in control but still 
supports can improve the overall performance and by having a suitable interface, 
the chances of reaching the ideal behavior increases.  

The future of in vehicle systems suggests a traffic situation with self-driving cars 
according to O’Dell (2013) when investigating a number of leading car manufac-
turers’ ongoing projects. The international car supplier Continental believes the 
first semi-automated car will be available on the market by 2016 and fully auton-
omous vehicles by 2020, and from now until then numbers of safety systems 
aimed at achieving an accident-free future will be implemented in vehicles one at a 
time (ibid). Scania released a concept truck for the media October 2013, capable 
of semi-automated driving. The truck takes over control in traffic jams and situa-
tions with other vehicles in front of the own at speeds up to 50km/h (von 
Schultz, 2013). These vehicles won’t be available for the public until a number of 
years but with this future situation in mind it would be natural to see the drivers’ 
tasks change, becoming more supervisory. A human centered design approach 
would be required to make sure the driver is able to take the correct decisions in 
the transition between driver or vehicle control (manual or automatic driving) and 
still is aware of the situation (in-the-loop) Not only would the design of the sys-
tems in terms of interface be important, but also what kind of activities the system 
supports.  This study aims at contributing to that development. 
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1.2  Aim and issues  

The aim of this study was to identify an appropriate activity to support the cogni-
tive processes for truck drivers, develop an interface for this activity and evaluate 
it in driving situation. 
 
The aim is broken down to the following issues that are explored and answered 
sequentially in the three sub-studies embraced by this thesis: 

 
1. What kind of driving related activity does distribution and long haulage 

truck drivers and Scania see a need to develop a driver support and related 
interface for? 

2. How can an interface for a holistic warning system be designed with re-
spect to truck drivers’ cognitive workload?  

3. How are drivers affected by and how do they perceive a holistic interface 
design in driving tasks in terms of mental workload and detecting hazards? 

1.3 Outline of the thesis  

The outline of the thesis consists of three sub studies: the pre-study, the design-
study and the evaluation-study. Each study is based on one of the research issues 
and has its own theoretical framework, method, results, discussion and conclu-
sion. The first issue is investigated in the pre-study in chapter 2, the second issue 
in the design-study in chapter 3 and the third one in the evaluation-study in chap-
ter 4. The overall aim and issues are discussed in the final discussion, chapter 5 
and finally in chapter 6 the overall conclusions and recommendations for future 
work and improvements are presented. Table 1 illustrates the sub-studies and the 
related issues.  

Table 1. The issues sequentially covered in the sub-studies embraced by the aim of the 

thesis.   

 

 

Pre-study Design-study Evaluation-study 

1) What kind of driving related activity does 

distribution- and long haulage truck drivers 

and Scania see a need to develop a driver 

support and related interface for?

X

2) How can an interface for a Holistic 

warning system be designed with respect to 

truck drivers’ cognitive workload? 

X

3) How are drivers affected by and how do 

they perceive a holistic interface design in 

driving tasks in terms of mental workload 

and detecting hazards?

X

SUB-STUDIES

IS
SU

E
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1.3.1 Pre-study 

The Pre-study contributes with knowledge of what kind of activity to support with 
the interface. Truck drivers, HMI/Ergonomics experts and engineers at Scania 
provides input in the process of understanding the user, finding and choosing an 
activity and finally deciding up on the final problem to solve. Examples of meth-
ods used were observations, interviews and a workshop.  

1.3.2 Design-study 

In the Design-study the design of the interface took form in an iterative design 
process (Ullman, 2008).  A LED-prototype was built to visualize the warnings in 
the simulator and both devices affected the final concepts design in terms of ap-
pearance and the systems’ function.  Theory from literature formed the base of 
the warning signal concepts, which were visualized, evaluated and improved in an 
iterative process until the final design was set and ready to be tested in the evalua-
tion study.  

1.3.3 Evaluation-study  

In the Evaluation-study, the two developed concepts were evaluated in a simulat-
ed driving task, which required a well-planned user test. A literature review was 
carried out in order to base the decisions on what evaluation methods to use, and 
to capture how the drivers were affected by the developed interfaces in a valid and 
reliable way. The user test was planned by designing its outline and creating the 
simulation before the data collection began, covering the areas of 1) Event detec-
tion, 2) Workload, 3) Driving performance and 4) Subjective opinion. Thereafter 
the final analyses were carried out and conclusions about the two warning signal 
concepts were drawn.
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2 Pre-study – defining activity for interface 
development  

In the Pre-study, the first of the three sub-studies, an activity was identified that 
set the base for developing an interface in the next study which in the third study 
was developed and evaluated in a simulated driving task.  

2.1 Introduction  

The Pre-study defined the problem for development and evaluation in the overall 
study according to the first research issue.  

2.1.1 Research issue one 

What kind of driving related activity does distribution- and long haulage truck 
drivers and Scania see a need to develop a driver support and related interface for? 

2.1.2 Requirements for the chosen activity  

The chosen activity should satisfy the driver’s needs, be of use for Scania as well 
as follow their technological development. The requirements were later defined as 
follows: 

First it should be something that supports the driver according to their sugges-
tions in this pre-study. Second, it should be useful for Scania do develop. Third, it 
should fit any existing technology and/or system that are being developed at 
Scania. Fourth, it should be possible to evaluate in Scania’s simulator that for the 
Fifth is likely to be useful also in the future, see Table 2. The order of the re-
quirements was not ranked but the final activity should in a best-case fulfill all re-
quirements.  

Table 2. List of requirements when choosing the final activity. 

  

2.2 Methods  

The focus of the Pre-study was to first get an understanding of the user, in this 
case the long haulage and distribution truck drivers, in order to choose an activity 
which would be relevant to support. The methods used in this phase should there-
fore enable a depth of understanding of the user needs based on qualitative data.  

1)     Important for the driver

2)     Useful for Scania

3)     Existing new technology

4)     Possible to evaluate in the simulator

5)     A problem now and in the future

REQUIREMENTS FOR THE FINAL ACTIVITY
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The methods used to investigate these aspects were observations, a workshop and 
interviews followed by a comparison and additional inputs in form of meetings 
and a questionnaire. Which specific method used for each aspect is presented in 
Table 3.  

Table 3.  The methods and procedures used in the Pre-study grouped within the three  

 main aspects of understanding the user, finding and choosing an activity 

 and defining the final problem.  

 

The following section is structured as shown in Table 2 with the main headings 
representing the aspects in the table with associated methods, which are summa-
rized below. A more detailed description of the execution of the methods is pre-
sented in Appendix 1.   

2.2.1 Understanding the user  

To understand the users (truck drivers) two observations studies were carried out 
in order to see and get familiar with the drivers daily chores and behavior on the 
road. An observation was chosen as it gives an opportunity to see the users act in 
the context they usually find themselves in instead of only relying on what they 
can recall from a situation (Bohgard, 2008). Two long haulage drivers were ob-
served during four hours of driving each and one distribution driver was followed 
for two hours.  

2.2.2 Finding and chose an activity 

Finding an activity to support was based on interviews with two long haulage 
truck drivers and two distribution drivers with additional input from ten experts 
on HMI development of vehicle systems. The contributions from the HMI/ er-
gonomics experts were provided during a one hour-long workshop. Both methods 
provided suggestions of activities they felt or believed drivers would find neces-
sary to support today or in the future. See Appendix 2 for the material used at the 
workshop and Appendix 3 for the material used during the interviews. 

Understanding the 

user

Find and chose an 

activity

Define the 

probelm 

Observation n=3

Workshop n=10

Interviews n=4

Comparison X

Meeting with engineers n=3

Decision matrix X

Questionnaire n=26

Discussion of Alternative approaches X

Defining the final problem X

ASPECTS 

M
ET

H
O

D
S 

A
N

D
 P

R
O

C
ED

U
R

ES
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The ideas from the drivers and the HMI/ergonomics experts were compared, and 
similar activities were compiled in a list. To assess the activities, requirements the 
final activity should fulfill were defined. Each activity was evaluated in terms of 
these requirements on a scale from Strongly Agree (SA) to Strongly Disagree (SD) 
(Ullman, 2008). The grades were set based on the previous received input and the 
author’s subjective opinion. However, some requirements called for additional 
facts before a grade could be set, why three engineers were contacted to assist. 
The assessment was performed by the author’s opinion based on the previous 
input from the drivers, HMI/Ergonomics experts and engineers. With the evalua-
tion completed in a decision matrix, the final activity for the driver support was 
found.  

2.2.3 Defining the problem  

To further identify the problem to be solved, a questionnaire was prepared and 
completed by 26 drivers and a suggestion of a test to evaluate a forthcoming solu-
tion was created. However, the test could not be created at the time due to limited 
resources from the person in charge of the simulator at Scania. Alternative ap-
proaches of the thesis and ways to evaluate the final design were therefore consid-
ered. The problem to continue with was provided from the Vehicle Ergonomics 
group at Scania (RCDE).  

2.3 Results  

The following presented results are a summary of data which were provided dur-
ing the Pre-study, for a more detailed description see Appendix 4. The results are 
presented in the areas of: 1) Understanding the user, 2) Find and chose and activi-
ty and 3) Defining the final problem.  

2.3.1 Understanding the user 

The observation studies were performed to get an understanding of the users 
(truck drivers) and a difference between long haulage and distribution drivers were 
discovered. The long haulage drivers who drive for four days straight between 
Södertälje and Zwolle (the Netherlands) were observed on the road between 
Södertälje and Klevshult. This specific distance was not nearly as eventful as for 
the distribution driver who drove at the local area around Scania. The two ob-
served long haulage drivers did however comment that when leaving the boarders 
of Sweden, especially when driving in Germany, the traffic situation changes and 
the driving task becomes more demanding. The protocol from the long haulage 
drivers consisted mostly of notes concerning washing the window screen and an-
swering the mobile whereas the distribution notes had to be summaries of what 
happened on certain sections on the road due to that much happened during a 
short amount of time. See Appendix 5 for the protocols taken during the observa-
tions.  
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2.3.2 Finding and choosing an activity  

Examples of activities provided at the interviews with the drivers and workshop 
with the HMI/Ergonomics experts were 1) How can objects around the vehicle 
be detected while driving? 2) Which distance to the leading car could be to be 
more fuel efficient and still safe? 3) How can the communication between other 
vehicles be carried out, now and in the future? 4) How can the route be planned 
to avoid being stuck in a traffic jam? 5) How can the work hours be used more 
efficiently? When all suggestions between the driver group and the 
HMI/Ergonomics experts had been compared the list of activities in Table 4 was 
compiled.  

Table 4.  The final lists of Activities after the suggestions from the drivers’ and 

HMI/Ergonomics experts’ were compared. Activities that were the same 

between the two groups were included in the list. 

 
 

In order to choose only one activity to design and develop an interface for, the 
five requirements in section 2.1.2 were defined.  
 
To reduce the amount of activities, an evaluation with respect to the five require-
ments was carried out. How much each activity full filled a requirement was as-
sessed on a scale ranged from: Strongly Agree (SA), Agree (A), Neutral (N), Disagree 

1
Make use of the working hours, especially when 

loading and unloading the trailer

2
Planning the route with respect to traffic situation, 

restplace, time of the day, terrain

3
Planning the route with respect to destination and 

recharge opportunities (future)

4 Prevent loneliness in the truck

5 Prevent irritation in other road users

6
Bored when driving with more autonomous 

systems

7
Detecting objects around the car and in the blind 

spot (even in darkness and periphery…) 

8 What is behind the car while I'm reversing?

9 warning for weariness signals

10 Why should I drive in a platoon?

11 What should I do when driving in a platoon?

12
Want to see the environment when driving in a 

platoon

13 Prevent fear and distress when driving in a platoon 

14
Keeping the right distance when driving in a 

platoon 

15 Trusting other drivers within a platoon

16
Interact and communicate with other drivers within 

a platoon 

COMPLETE LIST OF ACTIVITIES
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(D) to Strongly Disagree (SD) and activities given the grade D or lower was excluded 
from further evaluations. The grades were based on the author’s personal opinion 
from the input provided during the previous observation, interviews and work-
shop. Due to the reduction of activates, additional input from three engineers at 
Scania also was collected and used, the engineers were chosen because of the pro-

jects they currently worked on related to the remaining activities. The first engi-
neer worked with a system to detect Vulnerable Road Users (VRU). The second 
engineer was involved in developing systems for platooning i.e. letting trucks drive 
in vehicle trains where the truck in the front sets the speed and lane position of 

the ones behind. The third engineer was the responsible of RCDE’s simulator. 

 
The following reasoning was conducted based on the input from the interviews 
(drivers), workshop (HMI/Ergonomics experts) and meetings (engineers) in terms 
of the requirements for the activity to be chosen. The final grades for of the activi-
ties in the list are presented in Table 5  
 

 The first requirement according to Table 2 above states that the activity 
should be something of importance for the driver. The interviews gave the 
overall impression that Safety was the aspects which was considered the 
most important for all four drivers. This resulted in the grade Disagree (D) 
for all activities which didn’t concern Safety i.e. activity 1-6, 10 and 11.   
  

 The second and third requirements according to Table 2 above state that 
the activity should be useful for Scania to have an interface developed and 
evaluated for and should also involve a system or technology that exists 
and is developed at Scania.  

o Since solutions for aids when reversing and warning for weariness 
already exist, activities 8 and 9 were given a grade Disagree (D)  

o The meetings with the first and second engineer concerned existing 
systems at Scania. They provided input about a need within Scania 
to test a possible interface, hence useful. Both confirmed that there 
existed new technologies within Scania that would be useful to have 
an interface developed and evaluated for. The engineer working 
with platooning however did express a stronger need to develop an 
interface for vehicle-to-vehicle communication rather than platoon-
ing which was what the drivers and HMI/Ergonomics experts had 
mentioned. Activities 12-16 were therefore given the grade Agree 
(A) and activity 7 the grade Strongly Agree (SA).  

 

 The fourth requirement according to Table 2 above states that the activity 
should be possible to implement in RCDE’s simulator. At a meeting with 
the third engineer who was responsible of the simulator it was told that the 
existing tools within the simulator were more suited for a platooning sce-
nario than a Vulnerable Road User detection situation. It would therefore 
be possible to create both scenarios in the simulator but platooning could 
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be given better realism, activity 12-16 were therefore given the grade 
Strongly Agree (SA) and activity 7 the grade Agree (A).  
 

 The fifth requirement according to Table 2 above states that the activity 
should be present today and in the future. At the meeting with the engineer 
working with Vulnerable Road User Detection it was mentioned that the 
problem of detecting an object on the right hand side of the vehicle is a 
problem today and will remain in the future. The platooning scenario on 
the other hand would exist in the future since the system isn’t used on the 
roads yet. Activity 7 was therefore given the grade Strongly Agree (SA) and 
activity 12-16 the grade Disagree (D) Strongly Agree (SA) for idea 7, Disa-
gree (D). 
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Table 5.  Evaluation of ideas with respect to the given requirements, grading scale ranged between Strongly Agree (SA), Agree (A), Neutral 

(N), Disagree (D), and Strongly Disagree (SD). The assessment was the author’s subjective opinion based on the previous input from 

the drivers, HMI/Ergonomics experts and engineers.   
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The final activity to design and evaluate an interface for which fulfilled all five re-
quirements would be activity 7, detecting objects around the vehicle and in the 
blind spot. In terms of an existing system it would be to develop an interface for 
the Vulnerable Road User Detection System (VRUD).  

2.3.3 Defining the problem 

The suggested test to evaluate an interface for VRUD consisted of driving around 
four blocks where a certain amount of junctions, turns and approaching cyclists 
and pedestrians would occur. However, this was not possible to carry out at the 
given time of the thesis and other approaches were therefore assessed. The alter-
natives in Table 6 were generated as possible approaches for the thesis to enable 
for data that had already been collected to be used in the continuous work. Each 
suggestion were considered and some examples concerned using another simula-
tor, recording video clips and showing in the simulator and changing the approach 
of the study to fit with what is possible to create in RCDE’s simulator.  
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Table 6.  Alternative evaluation approaches to for evaluating the interface, with asso-

ciated description and proposed problem to solve. The alternatives were 

generated to make sure already collected data could be used in the continu-

ous work. 

 
 

Some alternatives required help from other groups/departments at Scania (alter-
native number 3 and 4 in Table 6), collaborations with external companies with 
truck simulators (alternative number 2 in Table 6) or change the approach of the 
study to make sure the Scania’s simulator could be used (alternative number 6 in 
Table 6). However, after contacting other groups and external companies, alterna-
tive number 6 in Table 6 was chosen as the final solution, using the existing simu-
lator with a new approach. The external company had no time for this kind of test 

Nr Alternative Description
Problem to solve/ 

evaluate

2

Use a simulator 

made for city 

environments

Cooperate with others who 

already have a simulator 

for city enviorment

How would a interface to 

warn about VRU be 

subjectively perceived 

and affect the driving 

performance  in a 

simulated driving task

4

Help from RCIC See if the group who is 

currently working on the 

system has resources to 

develop some parts of the 

simulation

-

5

Try in a real truck Implement the interface in 

a real car and test specific 

scenarios

How would a interface to 

warn about VRU be 

subjectively perceived in 

a real driving task

6

Use existing 

simulator

Use the existing simulator 

at Scania but with a test 

more suited for the 

currently implemented 

functions

-          (depends on the 

functions)

How would a interface to 

warn about VRU be 

subjectively perceived in 

a “faked” driving task

3

Cooperation with 

other thesis over 

the summer

Investigate if there are 

other thesis worker who is 

planned to work on this 

system and cooperate the 

-

ALTERNATIVE EVALUATIONS APPROACHES

1

Implement movie 

scenarios in the 

simulator

Film certain events from a 

real environment, 

implement the interface in 

a simulator, make the 

participant perform a 

secondary task and 

evaluate subjective opinion 

and the acceptance of the 

system



Pre-study 

14 

and the other groups had no interest of working with this project and a suggestion 
of a new approach was offered by the Vehicle Ergonomics group (RCDE). There-
fore, instead of designing an interface for VRUD the new approach would be to 
design and evaluate concepts for a holistic system approach. The description of 
this activity and rational was described by the team leader of the Cognitive Vehicle 
Ergonomics group together with the thesis supervisor and the manager of the 
Vehicle Ergonomics group as follows.  
 

The team leader described the idea of a Holistic system as a further develop-
ment from earlier existing concepts of support systems which informs the 
driver in the direction a hazard occurs. It can function partly as a front colli-
sion warning system, providing the alert in the windscreen (like Volvo PV) and 
partly as a side collision/blind spot detection system in the side mirror (like 
some cars i.e. VW).  
 
When all three discussed the change of the thesis, it seemed fit to take this 
concept one step further and investigate if one can use the whole windscreen 
to support the driver to detect and draw attention to the correct area. By using 
LED’s, the direction can be displayed with “traveling” light to certain areas on 
the strip, almost like a flashing arrow telling the driver that something has oc-
curred and in that way direct the drivers attention to where it is needed. 
(Friberg, 2013)   
 
The solution was a light source running along the window edges inside the cab 
and by lighting a specific area the drivers’ attention can be directed to where it is 
needed. This makes the driver detect what is necessary to carry out the required 
action, see Figure 1 . This solution enables for more systems to be joined and used 
through the same interface, hence a Holistic system approach, reducing the differ-
ent modalities of warning systems a driver could be exposed of otherwise. 
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Figure 1.  Illustrations of the principle of the LED-solution and the Holistic system 

approach. A LED-strip runs along the window edges inside the cab and by 

lighting a specific area the driver’s attention can be directed to where it is 

needed.  

2.4 Discussion  

The issue in the pre-study was to identify a truck driver related activity, for design-
ing and evaluating a driver support and its interface. With input from drivers, 
HMI/ergonomics experts and engineers, a comparison and evaluation of activities 
was performed in order to choose an activity 1) that drivers have a need for,  
2) that Scania regard useful to develop and evaluate an interface for, 3) that should 
relate to an existing system or technology at Scania 4) that should be possible to 
evaluate in the Scania simulator and 5) that relates to a problem that existed at the 
time of the thesis as well as in the future. The fact that the activity should be fea-
sible to evaluate in a simulator caused a reconsideration of the activity to be sup-
ported, because the suggested test to evaluate the first chosen activity would re-
quire resources which were not available at the time.  

The final decision was to design and evaluate an interface based on a holistic sys-
tem approach, which directs the drivers’ attention to where it is needed in risky 
situations. The approach guides the attention to the location where it is required, 
which enables for more technologies to be included within the same interface.  
Different systems and sensors can be connected to the Holistic interface, reducing 
the amount of modalities and alarms the driver is exposed to. 
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In terms of the requirements the suggested activities were assessed from, the deci-
sion of continuing with a holistic system approach can be questioned as the holis-
tic system never was mentioned by the drivers’ or the HMI/Ergonomics as poten-
tial activities. The holistic idea was offered from the Vehicle Ergonomics group at 
Scania (RCDE), indicating it of being useful for Scania to evaluate. Furthermore, it 
was also considered needless to design an interface which could not be evaluated 
in a later stage any way.  

With respect to drivers’ opinion, an evaluation of the holistic system would enable 
for the users to give their point of view of the new approach which can be used in 
eventual improvements. The earlier the drivers’ opinion are heard and taken into 
account the easier to implement their suggestions and needs in the system devel-
opment. So, the change of the chosen activity do not support an activity explicitly 
expressed as a need from the drivers but enabled for them to take part of the con-
tinued development of a holistic system where supporting the driver is the main 
focus. One driver also made the comment at the questionnaire to be careful to not 
include too many different sounds, colors and symbols in the vehicle since the 
driver probably will get tired of it and turn of the system instead; a statement sup-
porting a more holistic interface design.  

The holistic approach can further be something that becomes more convenient in 
the future development in vehicle systems. With many separately custom made 
solutions of interfaces of all kinds of technologies, one could reach a limit when 
the system isn’t aiding the driver but distracting and confusing instead, especially 
in a situation where more systems are activated simultaneously. The continued 
work can still be useful with respect to the first activity, designing an interface for 
VRUD, even though the work won’t be directly focused to only detect Vulnerable 
Road Users. The VRUD system could be one of the including technologies in the 
holistic system since the idea of the approach is to inform about more than one 
kind of hazard e.g. a Vulnerable Road User, if the car in front is to close, inform 
about an detected object in the blind spot etc.  So when considering the function 
of the system to be evaluated, the constraints and affordances within the simulator 
should be considered.  

2.4.1 Discussion of methods 

The overall process to define the activity and problem to solve with the interface 
has included a lot of changes and time spent on data that was never fully used, 
which could be considered inefficient and unnecessary. However, the input from 
employees at Scania and the contact with the drivers provided an understanding of 
the relationship between drivers, Scania as an organization and the development 
of transportation systems, making the methods and effort in the pre-study useful 
anyway. More substantially the observation study gave an insight into how drivers 
work and that there is a difference between what kinds of driving tasks the drivers 
have, even though the number of participants was rather small. The distribution 
drivers seemed more concerned about current problems while long haulage driv-
ers have more of planning issues. This is however based on a small number of 
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data and shouldn’t be discussed further. The fact that there are differences be-
tween them was however useful to consider in the continued work.  

When comparing the activities it wasn’t taken into account how severe any of the 
activities were ranked, which would have been useful for the further comparisons. 
Only the similar activities were collected and no account was taken to how fre-
quent an activity was i.e. if more than one driver or expert mentioned the activity.  
When interviewing the drivers it could have been useful to add how severe they 
ranked each activity. For instance could the first list of activities have been sent to 
the drivers in order for them to pick the five most sever ones. From that a mean 
or median value could have been calculated to get an overall opinion from the 
drivers. The low number of informants could however been questioned, to have 
only four informants for such a generalization wouldn’t be considered reliable. 
The activity that was finally chosen was something all four had mentioned one 
way or another implying that it is a common issue.  

The fact that the activity should be driving related could have been better empha-
sized thought the pre-study. The reason for not mentioning it during the work-
shop and interviews was to not limit the informants and enable a creative envi-
ronment. The fact could however been added to the list of requirements which 
were used when assessing the activities in the he decision matrix. A lot of the ac-
tivities which weren’t directly driving related were reduced due to the fact that 
safety was considered important for the drivers any way but this was only a gen-
eral opinion form the interviews. The fact that the activity should be possible to 
evaluate in the simulator also implied on the activity to be driving related, since it 
wouldn’t be possible to simulate e.g. social activities. When making sure the activi-
ty and related interface could be implemented in the simulator it also made it driv-
ing related. However, to include an additional requirement to the list would have 
emphasized the importance of the activity being driving related.  

2.4.2 Conclusions  

After observing drivers and comparing what truck drivers and HMI/Ergonomics 
experts believe there is a need to develop a driver support for, activities were as-
sessed with respect to five requirements. The input from the drivers, 
HMI/Ergonomics experts and additional three Scania engineers based the grading 
where it was decided that detecting objects around and near the vehicle was a pre-
sent and future issue to solve. However, after reasoning about what is possible to 
perform with the existing resources it was concluded that the final driver support 
should be a holistic system. The holistic system is based on the approach to direct 
the driver attention to where it is needed in risky situations to perceive what is 
necessary. This enables for more than one technology to be included within the 
same interface and the driver won’t be exposed of too many varying modalities of 
alarms and warnings. 
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3 Design-study - developing concepts for a Holistic 
system 

The second sub-study, the Design-study, was the part of the thesis where warning 
signal concepts were developed to support the activity chosen in the previous sub-
study. The interface should function as a Holistic system, which directs drivers’ 
attention to where it is needed. A warning strategy approach was defined based on 
a literature review and the different design outputs were iteratively tested with a 
specially built LED-prototype in order to create warning signal concepts of the 
driver support.  

3.1 Introduction  

To introduce the Design-study, a background and description of the problem, the 
second research issue and delimitations are described.  

3.1.1 Background and description of the problem 

The amount and complexity of in vehicle technologies, In Vehicle Information 
Systems (IVIS) and Advanced Driver Assistance Systems (ADAS), increases and 
changes the environment for today’s drivers along with the technological devel-
opment. According to National Highway Traffic Safety Administration (NHTSA; 
2013) 17% of all traffic crashed in United States in 2007 was related to distraction 
with the cause of distraction varying from an outside event, interferences when   
using a cell phone, to interacting with controls and devices integral to the vehicle. 
(NHTSA, 2013).  Consequently it would be expected that with an increasing 
amount of complex in vehicle devices, the number of distraction related crashes 
would increase (Young & Lenné, 2010).  
 
In vehicle systems (IVIS and ADAS) level of intrusiveness and how they affect 
the behavior of the driver has been the focus for much research over the past 20 
years (Young & Salmon, 2012). Amditis et al. (2010), Engstrom et al. (2005) inves-
tigated how different kinds of distraction affect driving performance and Harms 
& Patten (2003) investigated how it affects the workload. Furthermore, Birrell and 
Young (2011) and Werneke and Vollrath (2012) investigated how different design 
approaches can support the driver in situations when in-vehicle systems are more 
likely to cause distraction than aiding.  
 
However, little has been shown how the driver is affected when the systems are 
used together; do any differences in execution make it easier for the driver to per-
ceive and comprehend the warnings or does it add to the amount of distractions? 
Nikolic et al. (2004) emphasis the importance of evaluating display designs in the 
correct context, stating that even if one element has shown effectiveness when 
being used separately, the overall workspace needs to be considered as well. The 
elements’ combined properties will affect the monitoring and interpretation of the 
system, and the same should be considered for driver environments. A laboratory 
result of a systems’ contribution to decreased distraction isn’t enough when it 
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comes to real life scenarios. Drivers are not only exposed to one but several sys-
tems, which all together could exceed the point when the supporting functions 
turn into distraction. It is therefore necessary to consider how systems affect the 
driver when used simultaneously in order to develop systems that support a safe 
behavior on the road.  
 
When driving, and especially in terms of driving safe, Horrey et al. (2006) define 
two ongoing tasks: hazard monitoring as well as lane keeping and headway moni-
toring, and argue that any interruptions or distractions would impose on these 
tasks. Hurts et al. (2011, p 4) define driver distraction as “event or object (either 
inside or outside the vehicle) or driver activity, driving related or not, physical or 
mental, that claims part or all of the driver’s attentional resources, voluntarily or 
not, and diverts the driver from what is needed to maintain the safety of the driver 
or other road users “. So by reducing any potential distractions, more attentional 
recourses could be spent on driving safely.  
 
In a situation where varying IVIS and ADAS are activated simultaneously, the 
driver would be exposed to different warning modalities, potential causes of dis-
traction. Let’s say a flashing light becomes visible in the windscreen, it’s the acti-
vated Front Collision system, which is directly followed by the ticking sound from 
the Lane Keeping Assistance. Further can the Blind Spot Detection be triggered, a 
light in the instrument cluster begin to flash and the GPS inform about the next 
turn. This situation is hypothetical, but an evaluation performed at Scania 2012 
showed that there are 290 warnings massages and tell-tails implemented within a 
truck (Öfverholm, 2012). So the situation might be hypothetical but not improba-
ble.  
 
To decrease the risk of drivers’ being distracted because of transportation systems, 
especially when more than one is activated simultaneously, this study suggest a 
Holistic system approach as concluded in the Pre-study. By drawing the drivers’ 
attention to where it is needed he/she can detect what is necessary and more sys-
tems be joined within the same interface. The solution of a holistic interface in 
this thesis consists of a LED strip running along the window edges inside the cab 
and by lighting a specific part the drivers’ attention can be directed to where it is 
needed, see Figure 1in section 2.3.3. That is, the attention could both be drawn to 
the dangerous lane position and inform about the object in the blind spot by using 
the same interface.  However, what design of the signals that attract the attention 
best to be more efficient need to be investigated and tested, which is the focus of 
this part of the thesis. 

3.1.2  Research issue 2 

How can an interface for a Holistic warning system be designed with respect to 
truck drivers’ cognitive workload?  
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3.1.3 Delimitations  

When designing the interface of the Holistic warning system, only the visual part 
of the interface was considered, hence no development for auditory or haptic 
warnings was carried out.  

3.2 Theoretical background/framework 

To find useful literature when investigating the research issue of the Design-study 
a literature review was carried out. It covers the areas of human processing, inter-
face design and inside vehicle technologies. 

3.2.1  Human processing  

The cognitive processes a human performs in order to perceive information from 
the environment covers the areas from picking up stimuli through the senses, 
bring attention to, and focus on certain information, letting the memory process 
the information in order to take decisions and carry out an action. Perception 
brings meaning to the stimuli whereas the attention decides where to direct the 
mental resources (Bohgard, 2008).  

Perception  

Perception is a process that makes stimulus from the environment meaningful by 
bringing attention to and categorizing the input. In order to understand sensory 
signals, especially visual and auditory ones, two processes are possible: bottom-up 
and top-down. The bottom-up process is based on the appearance of the stimulus 
in the surroundings which is sensed to be perceived, it is an automatic process and 
the stimuli is analyzed without adding further information. Top-down processing 
initiates from previous experiences and knowledge about a situation and is more 
active. It makes it feasible to interpret incomplete stimulus by adding information, 
which makes the input meaningful. What a user perceives is often a mix of top-
down and bottom-up processes and if an activity is interrupted can one of the 
processes fill in the gaps of the other (Bohgard, 2008).  

Attention  

Attention is an important tool when it comes to information processes; it works 
both as a filter and as fuel; filter because it decides which of the sensed inputs 
should be perceived by selecting some signals and blocking others and the fuel 
function provides the various stages of processes with the mental resources that 
are required i.e. the attention allocates the right amount of energy. The supply of 
attentional resources is however limited, so a certain set of resources required for 
one task and might not allow enough resources left for a concurrent task resulting 
in failure in multi-tasking (Wickens, et al., 2013). 
 
There are two types of attention: selective and divided. Selective attention allo-
cates the mental resources by for short instances choosing what should be focused 
and not, it is for instance used while driving where the attention shifts between the 
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road, accelerometer, mirrors and back to the road and so on. Selective attention is 
the special case of focused attention where only one source of information is in 
focus and all other stimuli are blocked (Bohgard, 2008). Wickens et al. (2013) ex-
emplifies attention as a flashlight and the selective attention would be the beam 
selecting and illuminating different parts of the environment whereas the focused 
attention represents the width of the beam, being as narrow as possible to prevent 
distraction from unwanted elements. Divided attention is allocated when a human 
can follow information from two or more sources in parallel without affecting the 
quality of the input.  
 
Factors which affect how difficult it is to perform tasks parallel are: resource re-
quirements, resource similarity and change between tasks i.e. the size of the men-
tal resources which are required to carry out the primary task, if the tasks requires 
response though the same types of senses and the potential extent to shift be-
tween tasks (Wickens et al., 2013). Young & Regan (2007) describe that drivers 
attentional resources are continuously allocated to both driving and non-driving 
tasks and since many aspects of driving becomes automated over time, drivers can 
divide their attention between concurrent tasks without affecting either the driving 
performance or safety. However, when an object causing distraction occurs, the 
normal cognitive processes (e.g. attention-sharing) are disturbed and the adaptive 
strategies fail to bring attention to what would normally be detected. The cause of 
distraction in terms of driving can either be a too complex secondary task or too 
high demands of the driving task (Young & Regan, 2007).  
 
Failures of attention can occur where information of great importance doesn’t 
reach conscious perception and two related phenomenon within this area are: 
change blindness and inattentional blindness. Change blindness is used to describe 
situations when changes in the environment are not noticed e.g. if a driver fails to 
notice changes in street signs. (Wickens et al., 2013) 
 
Research has shown that a number of factors affect the likelihood for changes to 
be detected: 1) high task load increases the likelihood for change blindness, 2) 
change blindness is less likely to occur when the changing stimulus is more salient, 
3) the greater visual angle between the location of the change and the center of 
fixation the less likely is the change to be detected, 4) change blindness is more 
likely to occur when the changing element is outside the field of view, 5) change 
blindness is less likely if the change is probable, 6) detection of changes is greater 
the more attention is focused to the location before and after the event (Rensink, 
2002). In terms of design should increasing salience of more important changes be 
developed to decrease the likelihood of change blindness i.e. make the difference 
between the new and old condition as clear as possible (Wickens et al., 2013).  
 
Inattentional blindness describes the aspect “to look but not see” which is a sub-
set of change blindness. Wickens et al. (2013) mention the example of searching 
for your keys and looking directly on them but still fail to notice them.  
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3.2.2 Interface design  

For an operator to understand and be able to handle a machine, the interface 
should provide information in a reasonable way. This is possible via two presenta-
tion elements: the information display and the actuators. The information display 
communicates information about the system and the actuators are used to maneu-
ver it (Bohgard, 2008). Visual displays are most commonly mapped with spatial 
information but it is possible to use auditory and tactile displays as well. Many 
studies have shown a benefit from simultaneous presentation of the same infor-
mation thought different modalities (Wickens et al., 2013).  
 
Some design parameters for visual communication according to Bohgard (2008) is 
Size, Contrast, Color, Luminance, Shape and Movement. Furthermore the areas of 
Configuration, Color, Direction and Symbols should be considered in order to 
ease the communication between the operator (driver) and the interface. Generally 
no more than four colors should be used within one interface and colorblindness 
should also be considered. (ibid)  
 
Information communicated with an information display can be of three different 
types: qualitative, quantitative and representative. Qualitative information displays 
are used to provide an overview of a system e.g. if the temperature levels are high, 
low or normal instead of presenting the exact number of degrees. If the tempera-
ture is displayed with exact numbers it is an example of a quantitative information 
display, which is used when the operator needs numerical information. Repre-
sentative information displays provide a model of a machine or process in order 
to assess the status of a specific function within the system (Bohgard, 2008). 
 
Visual information displays should present the correct information at the right 
time, which requires further knowledge about the humans’ cognitive ability and 
limitations. Bohgard (2008) presents a number of principles of design to support 
attention, perception, memory and mental models. When designing for attention 
is it important to consider the level of attention that a certain situation requires, 
whereas designing for perception should make it easier for the user to organize 
the information and give it a meaning. The principles of design to support atten-
tion include: 1) Minimize the time and demand to find the information, 2) Close-
ness, 3) Utilize multiple sources of information and to support perception, 4) De-
sign displays with good readability, 5) Avoid too many levels of absolute judgment 
of information, 6) Avoid only top-down processing of data, 7) Make use of re-
dundancy, 8) Avoid similarity between objects (Bohgard, 2008).  
 
When Wickens et al. (2013) discuss principles of visualization with respect to re-
sults from other researches (Bertin, 1983; Upton & Doherty, 2008). One design 
tool mentioned is Compatible mapping of dimensions. This tool clarifies which type of 
data that is more suitable for specific visual variables (display representations). For 
instance brightness can give a clearer scaling from more to less than color, which 
makes brightness more compatibly mapped to quantitative data, see Table 7. 
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Table 7.  Table of the relationship between Display and Data representations where 

X marks a good mapping.  (Applied from Wickens et al. 2013 p. 138). 

 
 

Furthermore, when discussing Directing and Guiding attention and especially Cue 
location it is important to consider the distinction between peripheral and central 
cueing mentioned. Central cues, which are located near or at the center of fixation, 
are more cognitively driven whereas peripheral cues are perceptually driven. These 
are placed away from the fovea and in the imperative stimulus location, they are 
faster acting and since it automatically drives the person’s attention to the correct 
location it would be considered more efficient. I.e. for central cues to be consid-
ered as efficient they would need to appear earlier. But Peripheral cues have some 
costs as well; they can’t be seen too far into the visual periphery and should be 
made salient like using multiple onsets (flashings) rather than single onsets 
(Wickens & Rose, 2001). These cues shouldn’t be made to salient either since they 
could superimpose on a potential real-world target (Yeh et al., 2003, p. 63).   

Studies investigating interface designs  

Werneke and Vollrath (2012) performed a study to evaluate three different warn-
ing strategies for a collision warning system. When discussing approaches the first 
suggestion was to inform the driver at an early stage in order for him/her to adapt 
the attention and driving behavior in advance. Another suggestion was to provide 
the warning immediately before the critical event for the driver to react faster. The 
second approach enables for either giving the warning in the focus of drivers’ 
view or in the peripheral vision in order to attract their attention in an automatic 
manner, hence three different approaches: 1) early warning 2) late warning in the 
center of vision 3) late warning in the periphery. The three concepts were tested in 
a simulated crossing situation with four groups of participants; one for each con-
cept as well as a control group driving without a system. Results showed that the 
drivers waited longer in the intersection when they were informed about an unex-
pected hazard earlier, indicating that the first concept changed the driving behav-
ior. (ibid) 

3.2.3 Inside vehicle technologies 

The number of automated systems in vehicles today increases and their level of 
automation varies from Anti-lock Braking systems (ABS) which are triggered 

Qualitative Ordered Quantitative
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without the human’s involvement (Laukkonen, 2012a) to Cruise Control, which is 
activated by the driver himself/herself, enabling the vehicle to travel in a constant 
speed (Rajaonah et al. 2008). Other available systems are Adjusted Cruise Control 
(ACC) which allows the vehicle to keep a certain distance and the same speed as 
the leading car (Rajaonah et.al, 2008; Rudin-Brown & Parker, 2004) as well as 
Lane Departure Warnings Systems which alerts the driver if the placement in the 
lane would be considered dangerous. Within the latter technique are Lane Depar-
ture Warning (LDW) and Lane Keeping System (LKS) included. LDW systems 
provide a signal if the vehicle travels to far out in the lane and LKA systems can 
go further in terms of level of automation by taking over the control of steering if 
no action is carried out after the first warning (Laukkonen, 2012b).  
 
Collision Warning Systems (CWS) are an additional type of systems that can use 
the same sensors functioning for the ACC to detect and calculate if a collision 
would occur under the current circumstances. Some of the CWS systems only 
alert the driver of the danger while other adds to the level of automation by pre-
charging the brakes in order to reduce the severity of an accident. Some systems 
even include the ABS brakes and Electronic Stability Control to help the driver 
maintain control of the vehicle (avoiding skidding) (Laukkonen, 2013).  The mo-
dalities of the systems can vary from visual, auditory or haptic i.e. stimulus 
through the eyes, ears or tactility. Further can multimodality be utilized (use more 
than one modality) in order to make the interface redundant.  
 
In June 2013 the online e-Magazine Design fax presented a new type of system 
that the international car supplier Continental have integrated in their “driver fo-
cused” concept vehicle; a LED co-pilot (Foley, 2013). It includes driver assistance 
systems like Lane Keeping Assistance (LKA), Adaptive Cruise Control (ACC) and 
Collision Warning Systems, which are linked to a LED strip surrounding the en-
tire vehicle. Situation dependent light signal then guides the drivers’ attention to-
wards the source of danger. By using an infrared camera inside the vehicle the 
location of the drivers’ attention can be detected as well as if the driver shows 
signs of wariness or distraction. This camera is both connected to the LED-strip 
as well as the driving assistance systems enabling for the LED to be activated 
when approaching a potential dangerous situation. The system is also argued to be 
used in the path towards automated driving; by 2016 is it suggested that the sys-
tem detects when the driver is distracted and would offer to take over control for 
certain traffic situations like start/stop traffic traveling at 30 km/h (Foley, 2013).  
Continental manufactures automobile and truck parts e.g. systems, brakes, tires 
and vehicle stability control systems. 

3.3 The Design process (methods) 

To develop warnings signal concepts for the Holistic system and LED-solution, 
Scania’s Vehicle Ergonomics group’s (RCDE) simulator and a specially designed 
LED-prototype was used in an iterative design process where different designs of 
signals and warnings were created, tested and improved.  
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3.3.1 Apparatus  

The apparatus within the design process consisted of a LED-prototype to display 
different warning signals and the simulator to consider the function of the system. 
Before the final design of any concept was created, the constraints and affordanc-
es of the apparatus were considered to make as few remakes as possible and ena-
ble for an efficient design process.  

The LED-prototype  

To visualize different warnings as the LED-solution of the Holistic system sug-
gests, a prototype was built with assistance from another development and re-
search group at Scania, RCIV. Requirements of the device as well as a budget of 
time and hardware costs were set up where the hardware costs was be provided 
form the MODAS project,  

The prototype should be able to display different kinds of signals varying in color, 
location and pattern at a given output. The design of the prototype and the pro-
gramming was performed by Johan Olsson. The hardware of the prototype con-
sisted of: a Raspberry Pi (microcontroller; #5) with the accessories containing a 
4GB MICROSDHC memory card (#6) and a Black Chassi (#4) connected to the 
Digital RGB LED strip (#1) provided with power by a 5V 10A swithching power 
supply (#3) with a Female DC power adapter (#2) connected to it, see Table 8 for 
the list of components and Figure 2 for pictures of them.  

Table 8.  Hardware items for the LED-prototype and their cost. 

 

Item nr Component Count Price
Total Price 

$

Total 

Price SEK

#1
Digital RGB LED Weatherproof 

Strip 32 LED
5m 24.95$/m 124,75

#2
Female DC Power adapter -2.1mm 

jack ti screw terminal block
1 2$ 2

#3 5V 10A switching power supply 1 25$ 25

#4 Decato Chassi for Raspberry pi black 1 90sek 90

#5
Raspberry Pi 700MHz ARM CPU 

512MB RAM kontrollera modell
1 329sek 329

#6
KINGSTON MICROSDHC CLASS 

10 4 GB + ADAPTER
1  70sek 70

Shipping 68,32 59

Total 1419,4515 548 1967,45

rate 1USD=6,45SEK

PROTOTYPE HARDWARE COSTS
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Figure 2.  Components used to build the LED-prototype. (Images from 

www.dustinhome.se & www.adafruit.com) 

The total cost was slightly under 2000 SEK (with a rate of 1 USD=6.45 SEK) for 
the items and it was suggested that the total amount of time to finish the proto-
type was one week of working hours, a detailed list of the technical specifications 
of the items are presented in Appendix 6.  

To display a certain light signal with the prototype, images were created and up-
loaded to the micro-computer. The color of each pixel in the images corresponds 
to how and when a specific LED should emit the given color. Pixels in the x-
direction correspond to one LED and the pixels in y-direction relates to the time 
since each row of pixels are uploaded each 0, 01 second. So, by creating an image 
following these principles specially designed signals was displayed with the LED-
prototype. For a more detailed description of the conversion between an image 
and the light signal see Appendix 7.  
 
The prototype affordances’ was to display different light signals with varying, col-
or, location, pattern, brightness and apparent movement but there was a limit to 
how many outputs it could show. The micro-computer and the program running 
it could only store a certain number of images, meaning that there was a limit to 
the amount of signals that could be displayed. 

The simulator  

The truck simulator at RCDE, SimulaTOR, is mainly used to support research and 
development within the HMI area.  
 
SimulaTOR consists of two rooms; one simulator hall and a control room. In the 
simulator hall the driver takes place in the cockpit with associated driver seat, 
steering wheel, pedals, instrument cluster and side mirrors and the graphics are 
displayed on three presentation screens thought three projectors. From the con-



Design-study 

28 

trol room the simulation is controlled and monitored though LCD screens, see 
Figure 3. 
 
 

 

Figure 3. The Simulator hall and Control room for SimulaTOR, RCDE’s truck simu-

lator.    

The simulator platform consists of a network of 10 computers, all with specific 
tasks, which makes the architecture scalable and flexible. Five computers manage 
the visual presentation (Visual PC), one the sound (Sound-PC), one for the vehicle 
dynamics (Vehicle-PC), one handles the interface in the cockpit (Cockpit-PC), one 
is used as a file server (Server) and the most important one runs the simulator 
kernel (Kernel-PC). The kernel functions as the central node where all infor-
mation runs through and it is in the kernel the traffic situations and the scenarios 
are developed though coding. All other systems: sound, graphics, vehicle model 
and cockpit, function from two components with one application from the com-
puter and the other which is an interface part complied in the kernel. The com-
munication between the application and the interface components runs via 
UDP/IP. See Appendix 6 for the structure of the computers included in the net-
work.  
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One could say that almost anything is possible to create in the simulator but it 
always comes down to the obtainable amount of time. When developing the func-
tion of the holistic system the existing scenarios in the simulator were considered 
and new situations were mainly chosen depending on their required amount of 
resources to implement in the simulator. Hence, the constraints and affordances 
in the simulator were provided by what scenarios and situations that already exist-
ed and what new ones were possible to create and implement within the available 
amount of time.  

3.3.2 Execution  

To develop warning signal concepts for the holistic system, that is different warn-
ing signals that can be displayed with the LED-prototype, the constraints and af-
fordances of the simulator and the LED-prototype were taken in to account. The 
simulator affected the function of the Holistic system and the LED-prototype 
influenced the appearance of the signals. When developing specific warning sig-
nals (concepts) theory from literature and theoretical frameworks based the warn-
ings strategy for the concepts and gave an idea of how the signals could look like. 
Following, images were created to visualize the ideas and display them with the 
LED-prototype. With the warning signals visible, one or more persons evaluated 
the specific design in order to make improvements and create a new design of the 
concept. This iterative process continued; creating images to design a concept, 
evaluating it, making improvements until two final concepts remained (Ullman, 
2008; Williamson, 2002). The process is illustrated in Figure 4.  
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Figure 4.  Illustration of the iterative process in the Design-study (Ullman, 2008) 

3.4 Outcome from the design process (Results) 

By considering the constraints of the simulator and using the LED-prototype to 
visualize designs of warning signals, two concepts for the Holistic system were 
created. This section will firstly present the function of the system whereas the 
theoretical principles of design follow, this includes the rational and description of 
specific design attributes of the developed concepts, and finally the design of the 
final two warning signal concepts are presented.  
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3.4.1 Function of the system  

The system informs a driver of potential hazards located in front or at either of 
the vehicles sides, a kind of Collision Warning System. The area where a hazard is 
detected is lit, representing the area that should be avoided. Figure 5 illustrates an 
example of a scenario. 

 

Figure 5.  Picture illustrating a potential scenario where the LED-strip informs about 

the hazard, by lighting the area where the object is detected.  

Due to possible situations/scenarios to implement in the simulator the system 
informs about hazards within the four groups: Inside the Vehicle (IV), Moving 
objects (MO), Road Condition (RC) and Other Vehicles (OV). Inside the Vehicle 
concerns hazards that occur inside the vehicle like enlightened tell-tails in the in-
strument cluster, hazards within Moving Objects relate to humans or animals that 
are either on the road or about to cross it. Road Conditions are hazards that re-
lates to the road and infrastructure and Other Vehicles are activated when vehicles 
around the own one becomes a hazard.   

3.4.2 Theoretical principles of design 

The system supports the driver to detect potential hazards by directing his/her 
attention to the risky area. Like Werneke and Vollrath (2012) this can be carried 
out with different strategies. One strategy could direct the attention to where it is 
needed in order for the driver to take in the information that is necessary to carry 
out the required action, or additional information could be added to the signal so 
the driver gets a clue of what he/she should look for. These too approaches re-
quires different behaviors from the driver and the one most preferred is difficult 
to predict.  
 
To only provide information of where the hazard is found is reliable since the 
driver has to detect what the situation concerns before an action is carried out. 
However, it would take a longer time to conclude what should be detected. If the 
system also conveys information about what kind of hazard present, it can be as-
sumed that the driver has a more focused search behavior and finds the hazard 
quicker, assuming that he/she remembers what the warning signals stand for. To 
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force the user to learn different designs for different types of hazard could by it-
self make the concepts complicated and unwanted.  
 
Two concepts, designs of specific warnings signals, were therefore designed and 
evaluated in the early stage of the system: one with an informative approach where 
both the location and type of hazard were conveyed and a second one, only dis-
played the location of the hazard and had a directional approach. With respect to 
attention and perception, both concepts was designed to support these functions 
and the informative concept provides more support for perception since it con-
veys more information about the situation and surroundings than the directional 
one. Hereafter follow the design process when creating and deciding the final de-
sign for these two concepts by setting up the warning strategy and deciding the 
mapping and appearance of the display elements. 

Mapping and defining the warnings strategies  

According to Bohgard (2008) the design parameters Size, Contrast, Color, Lumi-
nance Shape and Movement should be specified for an information display 
whereas Wickens et al. (2013) suggest the display parameters Spatial, Size, Bright-
ness, Texture, Color, Orientation and Shape. Some are similar while others differ 
and the ones provided through the LED are: Spatial, Brightness and Color and 
furthermore the Patterns and Frequency which can be a type of Texture and 
Movement. By keeping the same structure as the table of display representations 
and data types Wickens et al. (ibid) describe, the data types Location, Type of haz-
ard and even the amount of Risk that can be defined for the informative display 
giving five design-attributes for three types of data, see Table 9. This makes it 
possible to use more than one design attribute for at least two of the data types, 
which is useful to make the design redundant.    

Table 9.  Data type and design parameters that is possible to convey with the LED. 

 
 

The spatial representation on the LED strip is perfectly mapped with the location 
of the hazard making it fit to light the area of the LED strip where the hazard is 
detected i.e. the area to be avoided. Another approach can be to light the area 
where the vehicle should be placed instead, but this wouldn’t be consistent with 
the principle to direct the drivers’ attention to where it is needed.   
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Considering the fact that colorblindness is common for drivers, color shouldn’t be 
used as a single data type and was therefore paired with pattern, making frequency 
and brightness in the second pair. The frequency, like risk, can be considered ra-
ther ordered since it easily gives a greater and lesser representation. This is some-
thing color can’t represent in the same way making the frequency and brightness 
superior to stand for the risk of the situation. The color and pattern should there-
fore represent the type of hazard. See the final coupling in Table 10. 

Table 10.  The final coupling of the data types and the design parameters for the in-

formative display. 

 

 

Since the directional display only conveys information of the hazard location, the 
mapping isn’t considered further for this design. The spatial representation is rele-
vant to relate to the location of the hazard even for this concept. 

Color and brightness 

When deciding the colors for the concepts is it important to consider what the 
colors represent and how the information should be received. Colors symbolize 
different messages, which should be considered for the overall design (Bohgard, 
2008) and some are easier to detect in the periphery than others. During a minor 
test of colors while driving with the LED-prototype in the simulator, it was made 
clear that a green signal gave the impression that it was okay and safe to drive in 
that area, the opposite effect of what was suppose be achieved. Colors that are 
already used to warn and alert are therefore more appropriate, like yellow, orange 
and red. In order to find a presentable color for yellow and orange, different mix-
tures were prepared and tested since these colors are achieved by light form more 
than one source. An image containing varying hues was prepared in order to 
compare the outcome on the LED-strip until the essential combination was 
found. The same principle was also used to investigate and find different levels of 
brightness, but for these the opacity in the pictures was varied instead.     
 
The directional display is considered a more neutral concept since it shouldn’t dif-
fer between the types of hazard presented, but the color should still be perceived 
as a warning hence the color blue seemed representable.      
 

Location Hazard type Risk

Spatial X

Brightness X

Color X

Pattern X

Frequency X
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Attention in the periphery  

The signals referring to hazards that aren’t located in the center of fixation were 
constructed with a type of flashing to make them more salient. But to not make 
the flashings distracting or uncomfortable, different types and durations were test-
ed. The first type was designed by having a piece of black between each onset 
making an on/off flashing and the second one flashed by having the pattern move 
sideways i.e. the light was always on but the movement of the pattern created a 
flash effect. After testing both alternatives it was made clear that the second type 
made it more comfortable for the eyes since the same luminance was emitted and 
the eyes didn’t have to adjust to light and dark sequences the same way as the first 
type required. The duration was the time each onset was visible and a combination 
between each flashing with respect to the total length of the signal was found by 
testing different combinations. The final duration was determined due to the fact 
that it wasn’t considered too fast and stressful or too slow to create a flashing ef-
fect. The size of each signal was also considered, to make sure it was big enough 
to be visible for hazards located far out in the periphery. 
 
For the Directional display a different approach was used to direct the attention to 
the periphery. An arrow/dot traveled along the strip from the center of vision and 
out to either of the sides was designed to notify that a change had occurred. Fig-
ure 6 illustrates the principles of the two chosen designs to capture the attention 
in the periphery.  
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Figure 6.  Illustrations of the principle for directing the attention to the periphery. The 

orange picture above represents the flashings for the Informative display 

where the pattern moves sideways. The picture below represents the travel-

ing dot of the Directional display.  

Summary  

The Informative display does not only convey information of the hazards location 
but also what kind of hazard that has occurred, in order for the driver to faster 
recognize what to look for. The final attributes of the LED signals therefore dif-
fers to the extent that the driver easily can perceive which type of hazard that is 
present. With respect to the available display representations and data types the 
informative display: conveys the location of the hazard by changing the lighted 
area of the LED, having a specific color and pattern for a specific hazard type and 
changing the brightness and frequency depending on the risk of the situation. 
Preferable colors is yellow, orange and yellow since they are perceived as more 
dangerous and to direct the attention in the periphery a moving flash effect was 
used.  

The Directional display would only convey information about the hazards location 
by changing the area, which is lit on the LED strip. The color is always blue and 
the pattern the same. In order to bring attention to the periphery a traveling dot 
moves along the LED strip to either of the sides.  

Ideally for both warning signal concepts, the area which is lit travels along the ac-
tual direction of the hazard i.e. chancing the location as the vehicle proceeds on 
the road. 

3.4.3 The design of the final concepts  

Due to the limited amount of images the prototype supports, the risk level was 
not displayed in the Informative display. This would require additional images 
with increasing frequencies and brightness, which is triggered the closer to the 
hazard the driver gets, resulting in a double amount of images for each level that 
should be displayed. The same limitation also results in that the neither the In-
formative nor Directional display will have a signal that travels with the hazard. 
Following are the final appearance of the two warning signal concepts described.  
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The Informative display  

The informative display conveys information about the Hazard type and its loca-
tion by lighting a specific color and pattern of LED’s along the window edges in-
side the cab. Hazards occurring Inside the Vehicle (IV) are displayed in a yellow 
signal and the pattern as in Figure 7a, Moving Objects (MO) like humans or ani-
mals along or on the road were given an orange signal in the pattern according to 
Figure 7b. Further, concerns about the Road Conditions (RC) like damages on the 
road were displayed with a white signal as the pattern in Figure 7c, and finally 
Other Vehicles (OV) like overtaking cars was informed about with a red signal as 
the pattern in Figure 7d. All warnings begin with a flashing effect where the pat-
tern moves sideways in order to capture the drivers’ attention and make it more 
salient.  

 

 
 

 

Figure 7.  Color and pattern for the four Hazard types presented with the Informative 

display; a) Inside the Vehicle (IV) yellow color, b) Moving Objects (MO) 

orange color, c) Road Conditions (RC) white color, d) Other Vehicles (OV) 

red color. 

a) b) 

c) d) 
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The Directional display  

The Directional display conveys information about the hazard location by lighting 
the area where a potential Hazard has occurred. The LED signal was the same 
independent type of hazard and it had a blue color in the pattern according to 
Figure 8. When a hazard occurred on either of the vehicles sides a dot with the 
origin in the drivers’ center of vision travels out to the mentioned side to catch the 
drivers’ attention in the periphery.  

 

Figure 8.  Color and pattern for the Directional displays’ LED signal.   

3.5 Discussion  

The goal of the design-study was to create concepts of warning signals for a holis-
tic warning system with respect to truck drivers’ cognitive workload. The concepts 
were developed in an iterative process by using and considering the LED-
prototype developed to visualize warning signals on a LED-strip and the RCDE’s 
simulator. Two concepts were developed based on theories from the literature. 
The first concept was more informative and provided information to the driver 
about the location and type of hazard that had occurred, whereas the second con-
cept exclusively informed about the location of the hazard. Both concepts aim at 
supporting the driver to detect potential hazards and they were mainly designed to 
draw attention to and support perceiving what happens around the vehicle. The 
idea for both concepts was to design a holistic system where the attention is 
drawn to where it is needed, enabling for more than one technology to use the 
same interface.  
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If future vehicles will include more technologies to support drivers, their interfac-
es should be considered. The more transportation systems included, the higher 
risk of them being activated simultaneously and alerting the driver at the same 
time. One could have a scenario with flashing lights, ticking sounds and additional 
monitors altering the driver at various locations in the vehicle and if such a scenar-
io occurs, the differences between the interfaces can cause more damage than 
support. With the Holistic approach, the modalities and warning strategies would 
be more interactive and similar, and the different systems could communicate in 
order for the driver to be less distracted. Fewer mental resources are spent on in-
terpreting the alerts and more effort could be used for other activities (Wickens et 
al, 2013). Hence, a Holistic approach has the potential to include more systems to 
support the driver without causing distraction.  

The function of the holistic system, to inform about potential hazards, resulted 
from the constraints and affordances in the simulator. In order for a system to be 
accepted by a driver, it should not only be useful but fulfill some kind of satisfac-
tory need (Van der Laan et al., 1997), so it would have been preferred to get input 
of what drivers finds necessary to include in the new system approach. The deci-
sion to use as many situations as already existed in the simulator was however 
made to put more time on developing the concepts. 

In terms of the design of the Informative display and especially the mapping of 
design attributes to specific data types, more than one design parameter was cho-
sen for one data type, making the design redundant. Redundancy is described by 
Bohgard (2008) as an important design principle to support attention and it makes 
the outputs more salient. In this study it was important to not let color represent a 
data type by itself, since colorblindness should be considered, and therefore it was 
grouped with pattern. Further, the Informative display’s ability to convey the level 
of risk with varying brightness and frequency were excluded from this study due 
to the limitations of the LED-prototype.  

3.5.1 Discussion of methods 

The prototype built for this project made it possible to try different solutions that 
enabled a creative process. Instead of only relying on theory and previous research 
guidelines’ of best design, varying solutions were tested. The prototype worked 
within the scope of this thesis making it easy to design and make changes to the 
alert/light signal without much programming. Thanks to the design of the proto-
type, the actual designing of light signals could be carried out without help from 
others, making the process creative and without unnecessary interruptions. How-
ever, the design and function of the LED-prototype limited the ability to also 
convey risk levels and letting the light travel with the hazard in this study. To in-
clude these display attributes a number of required images would have exceeded 
what there was room for in the prototype, and the time to create, organize and 
test all the images would have increased the time to perform the study. Hence, it 
would be better suited to improve the LED-prototype and implement this func-
tion in potential future investigations.  
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Rather early in the process of developing the concepts, it became clear how easy it 
was to “create effects” with the signals that wasn’t exactly necessary. The tempta-
tion of making something because it is possible may rather be a design trap, mak-
ing what one can develop interfere with what you need. At that point it was im-
portant to take a step back and ask the question what should be achieved and how 
the product should be used. This is especially important to remember with respect 
to the aim of the system – to not cause more distraction. The signals should be 
effective and easy to understand and not primarily bring a cool effect to the vehi-
cle. Further improvements to make the appearance of the signals look more fin-
ished would be to put a piece of Plexiglas in front of the LED-strip, making the 
light more coherent instead of seeing the separate LED’s.  

At some points of the design process it would have been useful to test a certain 
design to more than one or a few people and especially in a driving situation. 
However, this had required more resources and longer planning since no simula-
tion existed to try at this stage. For instance, it could have been useful to test if 
any colors were easier to detect in the periphery or resulted in a faster reaction 
time and conclude what drivers actually associate with the different colors. How-
ever, the way it worked out for this project seemed to be the best concerning the 
circumstances. If additional tests were added within this stage, the overall testing 
and improving process would have been disturbed since dependencies of others 
should have to be taken into account, increasing the time between each iteration 
and reducing the time to come up with new solutions. 

In terms of reliability of the process, the procedure to try one image and make 
improvements in iterations might not be the best approach. To document each 
step isn’t practically possible even though it would be what is required for better 
reliability and explain the whole picture of developing the concepts. However, the 
process resulted in what this stage aimed at, namely designing a concept for a ho-
listic solution and the summaries of the execution gives a fairly accurate picture of 
the design process.   

3.5.2 Conclusions 

Two concepts for warning signals were developed for a holistic system using a 
LED-prototype where lights are lit in the direction the driver should direct his 
attention. Both concepts were developed in an iterative design process including a 
specially designed LED- prototype, a simulator and a theoretical base. The func-
tion of the holistic system was developed with respect to the affordances and con-
straints in the simulator and resulted in a system, which informs about potential 
hazards in front and at the side of the vehicle. The first concept is more informa-
tive and conveys information about the hazard location and type whereas the se-
cond concept is more directional and exclusively provides information of the haz-
ard location. 
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4 Evaluation study -Testing the concepts in a simu-
lated driving task  

In the Evaluation-study the interfaces were tested and assessed when used in a 
simulated driving task. The outline of the test was set up based on findings from 
other studies and in terms of the research issue, before drivers were to use the 
developed warning signals concepts in the simulator.  

4.1 Introduction 

To introduce the Evaluation-study, the third research issue and the outline of the 
sub-study are described. 

4.1.1 Research issue 3 

The issue answered in this phase of the study is:  

How are drivers affected by and how do they perceive a holistic interface 
design in driving tasks in terms of mental workload and detecting hazards? 

4.1.2  Outline of the Evaluation-study 

Consistently throughout the Evaluations study, the sections are structured in the 
headings: Event detection, Workload, Driving Performance and Subjective opin-
ion. The Theoretical background (section 4.2) covers what kind of metrics that 
can be used within the categories and how other studies have used them. The 
Method (section 4.3) is initialized with requirements of the metrics chosen for the 
test, followed by the experimental design where the outline of the test is decided 
and created. The methods also include the used apparatus, the participants and 
procedure. The Results (section 4.4) are also divided into the four categories men-
tioned above, where the main findings and statistical tests are presented in graphs 
and tables. Then follows the Discussion (section4.5) where the reasons for the 
results are discussed in terms of the research issue. Finally the Evaluation-study is 
summarized with a Conclusion (section 4.5.3).  

4.2 Theoretical background  

In order to design the evaluation of the two concepts for the holistic system, liter-
ature was reviewed to collect information of how previous studies had designed 
their tests. This literature review covers metrics for event detection, methods to 
manipulate the workload and measure it, driving performance measures and alter-
natives to collect the subjective opinion from drivers. 

4.2.1 Event detection  

Event detection metrics are considered by Johansson et al. (2004) as driving per-
formance metrics. The authors also state that it has shown an increased recogni-
tion when evaluating Advanced Driving Assistance Systems (ADAS) and In Vehi-
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cle Information Systems’ (IVIS). The category includes both detection perfor-
mances relative to the primary task, like detecting the braking of a lead vehicle, 
and to respond to artificial stimuli, like blinking LED’s in a Peripheral Detection 
Task. Examples of metrics are Response times, Errors of omission and Errors of 
commission. (ibid) 
 
The response time can either be measured from the presentation of a stimulus to 
when the driver responds to it, or the time from when a response is given to when 
the vehicle is alongside the stimuli. The first is recommended when the onset of a 
stimulus is clearly defined and the second for when the stimuli is at a fixed loca-
tion on the road. The driver response could be verbal, manual or pedal meaning 
that the driver could talk out aloud, use a separate device like pressing a button or 
make a natural response with for instance the brake pedal when the stimulus is 
detected (Johansson et al., 2004). 
 
Errors of omission are the number of times when the driver fails to respond to a 
presented stimulus and Errors of commission is when a response is given but a 
stimuli isn’t present (Johansson et al., 2004). These could also be referred to as 
Misses and False alarms.  

4.2.2 Workload  

Mental workload is usually assessed by one of the four techniques; Primary task, 
Secondary task, Physiological or Subjective measures (Wickens, 2008), by assessing e.g. 
driving performance, secondary task performance, heart rate and subjective ratings with a ques-
tionnaire. Further, it is discussed by the same author that the different measure-
ments are not always consistent, which makes it highly important to collect multi-
ple measures of workload. Pauzié (2008) gives an example of this; with a more 
demanding task the effort to maintain the same performance could increase, leav-
ing the noticeable performance the same but with increased workload. Another 
strategy would however be to not increase the effort, which instead gives a lower 
level of performance. The level of workload caused by a specific task would be 
linked to the human strategy to choose between effort and performance trade-offs 
and the tasks difficulty (Pauzié, 2008). 

Subjectively perceived workload  

Driving Activity Load Index, DALI is a refined version of NASA-TLX to meas-
ure the subjective workload for a driving task, specifically when interacting with 
in-vehicle systems. The method includes the six parameters effort of attention, visual 
demand, auditory demand, temporal demand, interference and situational stress, which covers 
the area of cognition, perception and temporal components. The driver performs 
one scaling and one weighting procedure, the scaling rates each parameter on a 
scale from 0=low to 5=high and for the weighting a pairwise comparison between 
the factors is carried out in order to determine the higher source of workload for 
each pair. These are summarized and make it possible to compare between condi-
tions (Johansson et al., 2004). If the primary task is the same for all conditions 
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only one weighing is required and the result can be used for all conditions (Con-
nors, 2013). 
 
Pauzié (2008) states that DALI as a subjective workload evaluation tool is useful 
when a designer makes improvements of a prototype system. The method doesn’t 
only probe at the overall (global) workload and compares it with other conditions, 
such as baseline driving, but also gives indications of which component that 
should be improved. E.g. if the visual demand shows to be high, the system might 
be improved by redesigning the visual display. The aspect of rating the workload 
with more than one scale is also favored in Wickens et al. (2008), referring to the 
fact that mental workload is considered as a complex multidimensional construct 
(Derrick 1988). 

Measuring workload with a secondary task 

When discussing the secondary task to assess workload Wickens (2008) describes 
the method as measuring the reserve capacity. When the driver performs the pri-
mary task, a certain amount of cognitive recourses are used and whatever residual 
capacity is left will be used to perform the secondary task. If the level of the pri-
mary task is increased, the performance of the secondary task will be affected. 
Some researchers suggest the use of an embedded secondary task (Wickens et al. 
2013). This task will be included in the normal part of the task but have a lower 
priority than the primary task. With this in mind two alternatives of secondary 
tasks is discussed below, either to use a delayed digit recall task (n-back) or a Pe-
ripheral Detection Task (PDT). 
 
The delayed digit recall task (n-back) by MIT (Mehler et al, 2013) has been used to 
evaluate workload in both driving and simulator studies. The task consists of three 
levels, 0-back, 1-back and 2-back, where the participant is asked to repeat the 
same, the previous or the second previous number from a series of recommended 
ten numbers. The numbers are given and repeated in the auditory and verbal di-
mension, which makes the secondary task suitable for evaluating systems working 
within the visual domain. The method is easily scaled for different difficulties and 
the document from Mehler et al. (ibid) provides instructions and questionnaires to 
learn the method, protocols for capturing the final test data as well as audio files 
of number series.  
 
The second method to measure the objective workload discussed is a Peripheral 
Detection Task (PDT) where participants are asked to respond to changes of 
stimuli given within the periphery. In the study performed by Birrell & Young 
(2011) the drivers were asked to press a button when a red diamond shape placed 
in the peripheral changed to a red triangle. Further the reaction time and perfor-
mance accuracy was analyzed between different conditions since the principle of 
the test states that when the workload is increased the time spent looking in the 
periphery will be reduced, which results in either a longer reaction time to detect 
the change or it is missed completely (Birrell & Young, 2011). 
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4.2.3 Driving performance  

In terms of applications of driving performance metrics, Johansson et al. (2004) 
argues one should distinguish between what types of system that is evaluated. Ad-
vanced Driving Assistance Systems (ADAS) should be evaluated in terms of their 
potential performance enhancements and/or if they result in any behavioral 
changes whereas In Vehicle Information Systems’ (IVIS) potential of driving per-
formance decrements caused by the dual task of using the device is of interest.  
 
Furthermore, Johansson et al. (2004) categorized performance metrics in Longitu-
dinal control like speed and pedal movements, Lateral control for steering wheel 
movements and lane keeping and Event detection metrics. According to Wu (2009) 
lateral position, speed maintenance and control as well as gap acceptance are driv-
ing performance measurements that are most often connected to distraction.  

Longitudinal control  

Longitudinal control metrics when evaluating ADAS and IVIS’s include speed, 
pedal movement metrics and vehicle following metrics.  

Pedal movement  

Pedal movement metrics are based on brake and accelerator pedal movements and 
it is assumed that abrupt and rough braking is a result of reduced longitudinal con-
trol. This is however not a very common metric according to Johansson et al. 
(2004) but brake reaction time is used more frequently and would be classified as 
an event detection metric.   

Speed 

Speed metrics are generally a key variable in all ADAS evaluation studies since it 
has a strong relation to safety (Finch et al 1994) and it has also been used to assess 
the effect of secondary task activity e.g. IVIS use. When performing a secondary 
task, a reduction of speed is usually found which can be interpreted as “a behav-
ioral adaption in order to reduce the primary task demands and allocate recourses 
to the secondary task” (Johansson et al., 2004, p.13). Further does Östlund et al 
(2004) state that this phenomenon is mainly found for visually demanding tasks. 
Speed is usually measured by Mean speed, Standard deviation of speed and/or 
Maximum speed (Johansson et al., 2004).  

Gap acceptance/headway  

Headway, or gap acceptance as it is also called, to a lead vehicle is an indication of 
the accepted safety margins the drivers feels comfortable with and it is a primary 
measure in the evaluation of long-term ADAS effects and less common for IVIS 
evaluations. The metrics could either be time or distance based and includes mean 
headway, standard deviation of headway and minimum headway (Johansson et al., 
2004).  
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Lateral control 

Examples of lateral control metrics is steering wheel, lane keeping and heading 
metrics where some of the most common measures are standard deviation of 
steering wheel angle and mean lane position (Johansson et al., 2004) . 

Steering wheel movement  

Steering wheel metrics are mainly used for investigating the effects of secondary 
task load introduced by IVIS, since it turns the visual attention elsewhere than on 
the road. This results in heading errors which are corrected by large steering wheel 
movements. Applications of steering wheel metrics on ADAS evaluations are on 
the other hand uncommon since it isn’t entirely clear what effects one would ex-
pect. Examples of the most common metrics are standard deviation of steering 
wheel angle. (Johansson et al., 2004) 

Lane keeping 

Lane position metrics are according to Östlund et al. (2004) strongly dependent 
on traffic conditions like road curvature and overtaking which requires a strict 
control of the experimental conditions when measured. Johansson et al. (2004, p. 
20) defines mean lane position as “the mean distance between a reference point 
on the vehicle and the arbitrary position in the lane”.  The Lane keeping metrics 
can either be time or distance based but the most common one is the Standard 
Deviation of Lane Position (SDLP). (ibid)  

4.2.4 Subjective opinion  

Subjective opinions can either be covered by the drivers’ acceptance and trust of 
the system or thoughts of the system in general.  

Acceptance  

Acceptance of Advanced Transport Telematics (AATT) by Van der Laan et al. 
(1997) is a questionnaire to evaluate the user acceptance of a system (not the social 
acceptance). The questionnaire consists of nine items which are rated on a five 
graded scale, from -2 to 2 where the five items useful, good, effective, assisting and rais-
ing alertness correspond to the usefulness score and the remaining four pleasant, nice, 
likable and desirable to the satisfaction associated with the system. While the whole 
method provides the users acceptance by direct attributes towards the system, the 
two factors could be analyzed separately as well, where the usefulness score re-
flects on the systems’ practical aspects and the satisfaction represents the pleas-
antness given by it. Van der Laan et al. (1997) describes the method as relatively 
simple and it can provide a two dimensional evaluation. The method can be used 
to either compare different conditions or/and to compare the expectations of the 
system. The latter is given by carrying out a before and after measurement where 
the two can be compared in order to see if the users expectations of the system is 
meet or not. The authors also point out the importance to perform a reliability 
analysis since the scale is translated from Dutch to English, which easily can be 
translated to other languages as well.  
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4.3 Methods  

In the methods, different metrics are discussed in terms of the research issue in 
the areas of Event detection, Workload, Driving performance and Subjective 
opinion, which sets certain requirements on the final test. The outline of the test is 
describe, the used apparatus as well as the participants, preparations and finally the 
procedure as a summary.  

4.3.1 Measures and what they require  

To make sure the research issue of the Evaluation-study was investigated, metrics 
were considered within the categories Event detection, Workload, Driving per-
formance and Subjective opinion. In this section is it rationalized why a specific 
metric was useful in the study and what it required the test to include.  

Situation awareness (SA) and Trust are two additional categories that could be 
embraced by this study. However, the most important effect in terms of situation 
awareness was improvements to detect hazards, which already was covered with 
the Event detection metrics. And trust requires longer exposure time of new sys-
tems to be measured in a reliable way (Wickens et al., 2013). These two metrics 
were therefore not evaluated further in this study. For a review of how SA can be 
measured and a more detailed discussion on why it is excluded see Appendix 8.   

Event detection 

Since the two concepts of warning signals aids the driver to detect potential haz-
ards it was relevant to measure different event detection metrics. The driver could 
respond to hazards verbally, manually or by their natural driving behavior, mean-
ing that the participant talked out loud, using an external device or used the brake 
pedal when a hazard was detected. This allowed the capture of Detection rate (Hit 
or Miss) saying if a hazard was detected and further could the Reaction time be 
measured depending on how the response was captured.  
 
The response mode may either be verbal, manual or using the pedals, all providing 
different possibilities and limitations. A natural response like using the brake pedal 
is something which isn’t easily forgotten, suggesting that all responses are correctly 
given and few false alarms occurs. But with hazards that don’t always require the 
driver to brake, the alternative becomes useless. Using an external device like 
pressing a button isn’t a natural part of the driving task and can therefore be for-
gotten or add a delay in the response. It would however provide a facilitated anal-
ysis and possibilities to calculate accurate Reaction times, while a verbal response 
requires additional devices and hours for analyzing video recordings to even come 
near the alternative of having the response logged by the simulator.  
 
By having the driver respond to the hazards with a button on the steering wheel, 
the Reaction time can be calculated as the time between the onset and the re-
sponse. The data would be given from the simulator, which wouldn’t add much 
more effort to the analysis than required from the other metrics provided by the 
simulator. The Reaction times given in a simulated environment is not assumed to 
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correspond to the same values as in a real traffic situation, especially not when 
asked to respond to hazards. The participants scanning behavior would be as-
sumed to be more efficient in the simulator making their reaction times faster. But 
since the comparison will be between the conditions and they are all given the 
same preconditions the same differences would be expected in a real situation as 
well.   
In order to measure the informativeness of the warning signal concepts and an-
swer the question of what was detected, the drivers will at some part of the route 
respond to what they detect to compare the Detection accuracy between the con-
cepts. The accuracy of their detection have to be recorded either by video devices 
or just by taking notes and when. Considering the analysis it is preferred not to 
analyze any video material. The alternative of taking notes will therefore be fa-
vored provided that the quality of the captured data won’t be lowered 

So Event detection metrics will involve Detection rate, Reaction time and Detec-
tion accuracy providing that the participants make a response to potential hazards 
by using a steering wheel button.  

Workload 

It can be assumed that the participant are able to carry out the primary task of 
driving and detect the hazards since it is a natural part of driving, making the con-
cepts redundant. However, if the warning signal concepts can support in a situa-
tion with increased workload e.g. a driving scenario where more than one warning 
is given simultaneously, it could be suggested that there is a need for such a sys-
tem. So, by manipulating the workload within a condition valuable data can be 
collected to compare driving with and without a support. Furthermore the level of 
workload should be measured as well to see if any effect of the increased work-
load occurs between the conditions.  

Manipulating the Workload  

There are many ways to manipulate the workload with a secondary task, and for 
this study two alternatives are discussed: an auditory recall task (n-back) where the 
participant is asked to repeat the current, the previous or second previous number 
from an auditory played series or a Periphery Detection Task (PDT), where the 
participant is asked to respond to visual changes in the periphery.  
 

In terms of additional tools an n-back task only requires a proper audio system 
whereas the PDT needs both equipment to show an image in the periphery as well 
as technology to capture the timing between the change and the drivers response. 
In the study performed by Birrell (2011) the task was reproduced by the simulator 
software, which randomly changed the shape in the top left and right corner of 
the driver’s peripheral vision. The program was standardized for a PDT but was 
not implemented in Scania’s simulator at the time for the study.  
 
Furthermore, it is reasonable to keep the secondary task within the auditory and 
verbal domain, since the concepts (to be evaluated) are highly supported by the 
drivers’ visual capacity. In order to link a possible increase of workload to a con-
cept any other visual demanding task should be excluded since the additional task 
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otherwise could be responsible for the increase instead. If a participant was both 
exposed to the concepts and asked to carry out a PDT-test it would be difficult to 
distinguish which opinion and performance measure that arises from the concepts 
as well as performing the PDT task.       
 
The n-back task is easier to implement in the simulator and doesn’t interfere with 
the visual domain of the concepts and the task of detecting hazards in the simula-
tor. However, it requires the driver to learn the procedure before driving but the 
document by Mehler et al, (2013) includes instructions for this as well. So, to in-
crease the workload the secondary n-back task was used.  

Measuring the Workload  

Since the workload is manipulated, it should also be measured. This was done 
with both subjectively perceived level of workload and performance of the sec-
ondary task.   
 
DALI measures the subjectively perceived level of workload which is specially 
designed for a driving task making it suitable for this study. It provides a global 
score of the primary task as well as within each dimensions the task is considered 
more or less demanding. Using DALI will therefore provide different aspects of 
the subjectively perceived workload with just one form, making it effective, and 
investigates which levels of workload the driver experiences.  
 
By including the secondary auditory n-back task to increase the level of workload, 
the performance of it is easily measured. The amount of correct and incorrect re-
calls is collected to determine if the secondary task could be carried out and see if 
any differences between the conditions exist.  

 
The workload was increased with the standardized auditory n-back task and meas-
ured by the performance of it and the subjectively perceived workload covered 
with the DALI questionnaire.  

Driving performance 

The concepts to be evaluated is considered more of an ADAS according to the 
definition by Johansson et al, (2004) since it’s aiming at supporting the driver to 
carry out the primary task of driving. The system is however new and its way of 
informing about hazards could be considered distracting and indirectly affecting 
the driving performance. So when different measurements are discussed they 
should both correspond to any improvements in behavioral performance caused 
by the system and investigate any indications of intrusiveness caused by the con-
cepts. In terms of distraction a positive result is no changes of the performance 
measures between the concepts and driving without a system.   

Longitudinal control 

In terms of longitudinal control, pedal movements, speed and gap acceptance 
were considered possible driving performance measures. However, the brake pe-
dal logging in the simulator did not work excluding this metric for further use.   
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When looking more into Speed, the average between the concepts is useful to 
compare since it gives indications if any condition were considered more demand-
ing. Further it is even more interesting to see if the speed changes when the work-
load is increased, both between and within the conditions. Concerning the maxi-
mum speed, the simulated truck can’t accelerate to more than 90km/h and due to 
keeping the time of the test as low as possible the participants were asked to keep 
the maximum speed to the extent they feel is safe. The maximum speed was there-
fore not measured.  
 
Even though it is said that gap acceptance is commonly used when evaluating dis-
traction it was not relevant to test in this study. The simulated environment pro-
vides one car in front and another behind the own vehicle and both adapt their 
speed to the participants’ i.e. the headway to other cars are an effect of the simula-
tion, not what the driver prefers. Gap acceptance was therefore not measured in 
this study.  

Lateral control 

When measuring the lateral control, Steering wheel movement and Lane keeping 
are most common to measure and both were logged in the simulator. This made it 
possible to calculate any of the metrics: Standard deviation of steering wheel angle, 
Standard deviation of Lane Position (SDLP) and Mean Lane Position (MLP). 
However, only one is necessary, so standard deviation of lane position was cho-
sen. Lane keeping reflects more to what should be evaluated compared to steering 
wheel movement since it is interesting to know where the driver positions the ve-
hicle, not directly how he/she is steering. Furthermore, SDLP gives an indication 
of the stability to keep within the lane without the requirement to know which 
lane position is the normal as mean lane position does.  
 

By calculating the average over the whole run or a specific part of the route any 
indications of differences in lane keeping stability can be shown. However, this 
requires the same hazards to be present within the sections since they might not 
require the same position in the lane, some might force the driver to change lane 
while other do not.    
 
To determine if the driving performance changes when exposed to the different 
concepts of warning signals the mean speed and standard deviation of lane posi-
tion was measured and calculated.  

Subjective opinion  

Since the warning signal concepts are just concepts and not a final product there 
was room for improvements. The test therefore used the opportunity to get input 
of what the driver thinks about the idea of a holistic system and if they had sug-
gestions of making it better.  
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Acceptance 

The Acceptance of Advanced Telematics Technique (AATT) seemed reasonable 
to use, partly because it is easy to use and there is no need for major preparations. 
One could also say that it provides three aspects of the system given by only one 
questionnaire; the usefulness and the satisfaction of the system separately and the 
overall acceptance provided by the two, which makes it effective as well. Further-
more, it is a used method within the Ergonomics group at Scania, which made it 
possible to ask for advice and potential translations of the items into Swedish, 
which was even more important considering the reliability of the technique.  

Comparative questionnaire  

Since the warning signal concepts tested were rather different from existing devic-
es, input from the test drivers on improvements was regarded valuable. In order 
to gets the participants opinion about the concepts questions were prepared, both 
more specific about the design as well as regarding which one of the two concepts 
they preferred. These were given at the end of the test, which gave a good oppor-
tunity for the participant to leave general comments on the test and simulator as 
well. All these questions were compiled in a so called Comparative questionnaire.  
 
To find out how the warning signal concepts were subjectively perceived, the Ac-
ceptance was measured with the AATT form and the comparative questionnaire 
provided opinions and comments when comparing the two concepts.   

Summary of metrics and requirements  

To summarize, the workload was increased with the secondary 1-back task, meas-
ured (objectively) with the performance of it and the (subjectively) perceived level 
of workload with DALI. Throughout the test the participant responded to hazards 
with a button press making it possible to measure the Detection rate (Hit, Miss) 
and Reaction time to hazards. The Detection accuracy was measured by asking the 
driver to talk out loud during a predefined distance by verbally stating what 
he/she detected. In terms of driving performance, Mean Speed and Standard De-
viation of Lane position was logged by the simulator. To collect the subjective 
opinion of the concepts the AATT form was completed and a comparative ques-
tionnaire performed.    

4.3.2 Experimental design  

The primary task of the test was to respond to hazards by using a steering wheel 
button. By letting each participant try both warning signal concepts and driving 
without a warning system all results was compared between conditions, a within 
group design, giving results if one condition was better than another in terms of 
the chosen metrics.  
 
The three Conditions each participant tried was 1) driving without a system (Base-
line), 2) the Informative display which differs between the type of hazard with 
varying colors and 3) the Directional display which only conveys information of 
the hazard location.  
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One Scenario for each condition was created in the simulator, being a whole route 
the participant drives from start to finish, including either one of the warning sig-
nal concepts or without a system (Baseline). In order to have different tasks within 
a Scenario it was divided into four Trials. Trial 1 was only familiarization of the 
task with the present Condition and the participants began to respond to hazards 
with the steering wheel button. Throughout Trial 2 the response to hazards con-
tinued and in Trial 3 the talk out loud task began, the response with the button 
press was still required. As for Trial 4, the workload was increased by introducing 
the n-back task and even here the response with the button press continued. In 
terms of the n-back task it seemed reasonable for this driving task to have the 
number before the previous one repeated, specifying the n-back task to a 1-back 
task (any future reference to the secondary task will therefore be 1-back). The 
comparison of workload manipulation was between the metrics within Trial 2 and 
Trial 4 since they both included the button press task, were performed after the 
participant had been used to the driving task and the only thing varying was there-
fore the increased workload with the secondary task.. See Table 11 for an illustra-
tion of the relationship between Condition, Scenario and Trials.  

Table 11.  Table with the relationship between Condition, Scenario and Trials in the 

simulator test. The three Conditions are: Baseline, The informative display 

and the Directional display. One Scenario was created for each Condition 

and the Scenario was divided in four Trials to enable for different tasks.  

 
 
In terms of hazards specific Events were created in the simulator, hazard and 
event would therefore be synonyms forwards, being an object or action that oc-
curs in the simulated environment. Each Trial included the same four Events for 
all Conditions to be able to compare the results within a Trial between the Condi-
tions. But to make sure that the participant wouldn’t learn which event came after 
the previous, the order of the Events was varied between the Conditions; one 
event never came after the previous more than once. The principle is illustrated in 
Table 12 and it was used within all four Trials.  

Trial 1 Trial 2 Trial 3 Trial 4

Baseline

Informative

Directional

SCENARIO

C
o

n
d

it
io

n
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Table 12.  Principle of the Event order; the same four Events occurs in the same Trial 

for all conditions but the order is different. One event never comes after the 

previous more than once.  

 
 
The actual Events (hazards) were categorized depending on the previous men-
tioned types: Inside vehicle, Moving objects, Road conditions and Other Vehicles 
and also depending on Location: Left, Centre and Right. Giving e.g. one Left 
Moving object hazard being a moose standing in the left lane or a Center Other 
vehicle hazard when the car in front made a hard brake, see Table 13 for the 
grouping of events. 

Table 13.  Grouping of events with respect to Type and Location, The four types are: 

Inside the Vehicle, Moving Objects, Road Conditions, Other Vehicles at the 

locations: Left, Centre, Right.  

 
   
This gave 12 Events in total but another four were added called Multi-event. The-
se included two hazards present simultaneously and captured any effects of the 
Concepts (Informative, Directional) ability to convey more information at once. 
These were created by combinations of the previous mentioned Events. The final 
amount of Events were therefore 16 and are illustrated in Table 14. To make the 
communication between the programming and design of the test easier, each 
event were given a Code depending on its Type and Location. The first number in 
the four-digit code represented the Location whereas the last number its Type. 
Descriptions of what kind of objects and actions each event included are present-
ed in Appendix 9.   

Trial 1 Trial 2 Trial 3 Trial 4

Baseline E1 E2 E4 E3 … … …

Informative E2 E3 E1 E4 … … …

Directional E3 E4 E2 E1 … … …C
o

n
d

it
io

n
SCENARIO

Left Center Right

Inside vehicle (IV)

Moving objects (MO)

Road Conditions (RC)

Other Vehicles (OV)Ev
en

t 

/h
az

ar
d

 t
yp

e 

EVENTS/HAZARDS

Event location 
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Table 14.  The final events/hazards and their code names, the first number represents 

the Location and the Type except for the Multi events.  

 
 
To make sure none of the Conditions were given biased preconditions in the eval-
uation, the order of the Scenarios as the participants tried was counterbalanced as 
in Table 15 

Table 15.  The counterbalanced order of the Conditions for each participant, 

B=Baseline, I=Informative display, D=Directional display 

 

4.3.3 Apparatus  

The previous mentioned LED-prototype was implemented in the Simulator (see 
Section 3.3.1 for a description) enabling for each warning to be given at the exact 
same distance to a hazard for each Event and Condition for all Participants. When 
driving in the simulator location, position in the lane, speed, activation of any but-
tons etc. are saved each 0, 05 seconds in a file called the simulator log. As the 
warnings form the prototype was triggered from the kernel computer (which con-
trols the simulation) the simulator log contributed with the input to calculate the 
reaction time, number of hits and misses, the speed and lateral control. Figure 9 
shows the prototype implemented in the simulator cockpit. The scenarios were 
programmed to be visible in the simulator by Matteo Manelli (in charge of the 

Left Center Right

100X 200X 300X 400X

Inside vehicle (IV) X001 1001 2001 3001 4001

Moving objects (MO) X002 1002 2002 3002 4002

Road Conditions (RC) X003 1003 2003 3003 4003

Other Vehicles (OV) X004 1004 2004 3004 4004

EVENT/HAZARD CODE

Event location Multi 

events

Ev
en

t 

/h
az

ar
d

 t
yp

e 

Participant

1 B I D

2 B D I

3 I B D

4 I D B

5 D B I

6 D I B

7 B I D

8 B D I

9 I B D

10 I D B

11 D B I

12 D I B

COUNTERBALANCED ORDER

CONDITIONS
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SimulaTOR) and for the new events which didn’t exist in the simulator some 3D-
modeling were required which Eddie Cheng, working at Scania’s Styling group 
(RCDS) helped with. 

 

Figure 9.  Picture of the prototype implemented in the simulator cockpit. 

4.3.4 Participants and preparations  

Fourteen professional truck drivers, all males with the average age of 43(SD 15) 
years in the range of 19 to 67 years old, participated in the test. All were employed 
by Scania and performed varying driving tasks between: distribution, bus, long 
haulage and construction and they had an average of 20 (SD 15) years of heavy 
vehicles driving experience in the range of 1 to 41 years. In terms of evaluating the 
simulator log only data from 13 participants was used due to unreadable outputs.    

With the outline of the test and simulation completed the experiment protocol 
was prepared to make sure the same information was given to all participants. It 
included outline of the test, safety regulations, description and practicing exercises 
of their tasks and descriptions of the concepts. Simultaneously forms were pre-
pared which were used parallel to the oral descriptions. This included illustrations 
of the outline of the test, a sheet with examples of potential hazards, a description 
and practicing form for the 1-back task as well as illustrative instructions of how 
the concepts work, see Appendix 10 for the complete documents. Preparations of 
the three questionnaires were carried out in order to measure the subjective work-
load (DALI) and Usefulness and Satisfaction of the concepts (AATT) as well as 
compare the two concepts more subjectively and get the drivers personal opinion 
with the Comparative questionnaire. The DALI and AATT forms were to some 
extent based on already prepared forms at RCDE, see Appendix 11. A Demo-
graphic and Consent and information sheet was also prepared to make sure that 
the drivers participated out of free will and to collect e.g. their age, gender and 
primary driving task.   

4.3.5 Procedure  

The participants were asked to respond to potential safety hazard detected 
throughout the route by pressing a steering wheel button and to drive as they 
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would do on a real high way. Each driver was to try all three conditions; driving 
without a system (Baseline), driving with the informative display and driving with 
the Directional display.  
 

The driver completed three driving routes (scenarios) and each scenario consisted 
of four Trials. Each trial enabled for different tasks additional to the detecting 
hazards and button press to be carried out with a Scenario. Within each Trial four 
kinds of hazards occurred, making a total of 16 events per scenario. Completion 
of the conditions was counterbalanced. 
 
In Trial 1 the driver became accustomed to the current condition and responded 
to hazards using a steering wheel button and for Trial 2 the hazard detection con-
tinued and the driver was more used the task. Following was Trial 3 where the 
driver was asked to verbally respond to what kind of hazard he/she detected. For 
Trial 4, the last trial, an auditory 1-back task was performed in order to increase 
the workload. The four types of hazards (Inside Vehicle, Moving Objects, Road 
Conditions and Other Vehicles) varied in location (right, center, left) and were 
systematically ordered within each trial to avoid the participants to learn what haz-
ard might come after another. Four multi events, situations with two hazards visi-
ble simultaneously were also included to test the warning signal concepts ability to 
convey more information at once.  
 
During driving, the detection rate (Hit/Miss), the Reaction time to hazards, Re-
sponse accuracy, Mean speed and Position in the lane, was logged by the simula-
tor. After the first route the driver completed the DALI and AATT form prior to 
commencing the second condition.  
 
When all three conditions were completed, a comparative questionnaire was car-
ried out for participants to rate the warning signal concepts against each other. 
The test took 90 minutes to complete including 45 minutes of driving and the par-
ticipants were scheduled every second hour. See Figure 10 for a picture of a test 
with the Informative display 
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Figure 10. Pictures of the Scenario with the Informative display when the hazard Hu-

man at Bus Stop occurs i.e. the Moving Objects warning is displayed  

4.4 Results  

Metrics covering the categories Event detection, Workload, Driving performance 
and Subjective opinion were collected in the simulated test to evaluate the two 
developed interfaces: the Informative display and the Directional display. To in-
vestigate if the interfaces resulted in any changes compared to driving without any 
support system (Baseline) three different statistical tests were carried out: one way 
repeated measure Analyze of Variance (ANOVA), two way repeated measure 
ANOVA and t-tests. 

A one way repeated measure ANOVA investigates if there is a significant differ-
ence between one variable, which is applied when investigating the effect of Con-
dition in this study. For all comparisons when the results from Baseline, the In-
formative display and the Directional display were tested was therefore a one-way 
ANOVA performed.  

A t-test also investigates if there is a significant difference between one variable 
when results from only two samples are compared. In this study this was used 
when comparing results from the Informative and Directional display. 
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A two way repeated measure ANOVA investigates effects of two or more varia-
bles and can indicate interactions. Two variables could for instance be Condition 
and Workload, being results from Baseline, the Informative and Directional dis-
play in the high and low workload Trial. The two-way ANOVA investigates both 
the variables separately and together where the combined comparison indicates 
interactions. An example of interaction would be if the Informative display makes 
it easier to detect hazards in the high workload trial, meaning that there is an inter-
action of Condition and Workload on Hit rate.  The two way ANOVA is used in 
this study when comparing Condition and either of: Workload, Hazard location, 
Hazard type, Multi-event order, event, DALI dimension or AATT item.  

In the coming section only the main finding are presented whereas the rest are 
referred to in Appendix. An overview of all performed statistical test is illustrated 
in Appendix 12, and below in Table 16 to Table 22 the tests which showed a 
significant difference are presneted. The interpretation of the results follows in 
each separate section.  

Table 16.  Overview of the One-way ANOVA tests which showed a significant differ-

ence. The light grey brackets illustrate the comparisons and the black indi-

cates where a significant difference between the conditions was found. The 

average are given and the Standard Error of the Mean in parentheses, n=13.  

 

DEPENDENT MEASURE Baseline Informative Directional 

Hit rate [Hit]
14,8 (0,52) 17,2 (0,70) 15,4 (0,70)

Miss rate [Miss]

4,0 (0,52) 1,8 (0,59) 2,7 (0,66)

Multi event Hit rate [Hit]

5,2 (0,30) 6,8 (0,39) 5,2 (0,34) 

Multi-event Miss rate 

[Miss]
2,5 (0,37) 1,1 (0,40) 1,8 (0,34)

Reaction time [s]

5,9 (0,81) 3,4 (0,63) 4,0(0,52)

* = p < 0.05 *** = p < 0.001
** = p < 0.01

ONE-WAY ANOVA TESTS

CONDITION

y* = marginally 

significant

**

*

**
*

* y*

y*

y*
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Table 17.  Overview of the Two-way ANOVA tests which showed a significant dif-

ference when investigating the effect of workload and condition. The light 

grey brackets illustrate the comparisons and the black where a significant 

difference between condition or workload was found. The average are giv-

en and the Standard Error of the Mean in parentheses, n=13. 

 

Table 18.  Overview of the Two-way ANOVA tests which showed a significant dif-

ference when investigating the effect of Hazard location and Conditions. 

The light grey brackets illustrate the comparisons and the black where a 

significant difference between condition or Hazard location was found. The 

average are given and the Standard Error of the Mean in parentheses, n=13. 

 

DEPENDENT MEASURE Baseline Informative Directional Low High 

Hit rate [Hit]
3,62 (0,22) 4,38 (0,17) 3,65 (0,21) 4 (0,16) 3,77 (0,19)

Miss rate [Miss]

1,12 (0,19) 0,5 (0,14) 0,81 (0,17) 0,74 (0,13) 0,87 (0,15)

Reaction time [s]

5,26 (0,72) 3,43 (0,54) 4,04 (0,60) 5,60 (0,54) 2,94 (0,41)

Mean Speed [m/s]

22,59 (1,22) 22,25 (1,22) 22,05 (1,25) 22,55 (1,00) 21,98 (1,00)

Average SDLP [-]

0,35 (0,03) 0,35 (0,03) 0,35 (0,03) 0,46 (0,02) 0,24 (0,02)

* = p < 0.05 ** = p < 0.01 *** = p < 0.001

TWO-WAY ANOVA TESTS: WORKLOAD

FIRST VARIABLE SECOND VARIABLE

CONDITION LEVEL OF WORKLOAD

y *= marginally 

significant

*** *

*

***

*

**

DEPENDENT MEASURE Baseline Informative Directional Left Centre Right

Miss rate [Miss]
0,51 (0,10) 0,23 (0,09) 0,28 (0,10) 0,41 (0,11) 0,33 (0,08) 0,28 (0,09)

Reaction time [s]

5,79 (0,57) 3,20 (0,44) 3,97 (0,37) 3,72 (0,45) 4,22 (0,41) 5,02 (0,59)

* = p  < 0.05 ** = p  < 0.01 *** = p  < 0.001

TWO-WAY ANOVA TESTS: HAZARD LOCATION

FIRST VARIABLE SECOND VARIABLE

CONDITION HAZARD LOCATION

y *= marginally significant

y*
y*
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Table 19.  Overview of the Two-way ANOVA tests which showed a significant dif-

ference when investigating the effect of Hazard type and Condition. The 

light grey brackets illustrate the comparisons and the black where a signifi-

cant difference between condition or hazard type was found. The average 

are given and the Standard Error of the Mean in parentheses, n=13. 

 

Table 20.  Overview of the Two-way ANOVA tests which showed a significant dif-

ference when investigating the effect of Event order and condition. The 

light grey brackets illustrate the comparisons and the black where a signifi-

cant difference between condition or event order was found. The average 

are given and the Standard Error of the Mean in parentheses, n=13. 

 

DEPENDENT MEASURE Baseline Informative Directional IV MO RC OV

Hit rate [Hit]

2,40 (0,12) 2,60 (0,09) 2,52 (0,11) 2,08 (0,16) 2,82 (0,07) 2,72 (0,08) 2,41 (0,12)

Reaction time [s]

5,90 (0,53) 3,42 (0,42) 3,96 (0,36) 5,35 (0,73) 4,69 (0,54) 4,03 (0,40) 3,65 (0,40)

* = p  < 0.05 ** = p  < 0.01 *** = p  < 0.001

FIRST VARIABLE SECOND VARIABLE

TWO-WAY ANOVA TESTS: HAZARD TYPE

CONDITION HAZARD TYPE 

y *= marginally significant

*

*
*

y*

DEPENDENT MEASURE Baseline Informative Directional First Second

Multi event Hit rate 

[Hit] 1,96 (0,19) 2,5 (0,16) 2,08 (0,17) 2,74 (0,07) 1,62 (0,14)

Multi-event Miss rate 

[Miss]
0,92 (0,19) 0,42 (0,16) 0,69 (0,17) 0,13 (0,05) 1,23 (0,15)

* = p < 0.05 ** = p < 0.01 *** = p < 0.001

TWO-WAY ANOVA TESTS: MULTI-EVENT ORDER

FIRST VARIABLE SECOND VARIABLE

CONDITION EVENT ORDER

y*= marginally significant

* * ***

* ***
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Table 21.  Overview of the Two-way ANOVA tests which showed a significant dif-

ference when investigating the effect of DALI dimension and condition. 

The light grey brackets illustrate the comparisons and the black where a 

significant difference between condition or DALI dimension was found. 

The average are given and the Standard Error of the Mean in parentheses, 

n=13. 

 

Table 22.  Overview of the Two-way ANOVA tests which showed a significant dif-

ference when investigating the effect of AATT item and condition. The 

light grey brackets illustrate the comparisons and the black where a signifi-

cant difference between condition or AATT item was found. The average 

are given and the Standard Error of the Mean in parentheses, n=13.  

 

The following section presents the main results within the categories of Event 
detection, Workload, Driving performance and Subjective opinion where some 
findings are referred to Appendix. When referring to “the Mauchly’s test indicat-
ing that the assumption of sphericity had been violated” it implies that the vari-
ance within each variable is too different from each other for the comparison to 
be valid and therefore corrected values (Greenhouse-Geisser) are reported. 

4.4.1 Event detection   

The event detection was measured with the Detection rate, Reaction time and the 
Detection accuracy answering the questions if a hazard was detected, how long 
time it took to detect it and what was detected.  

DEPENDENT MEASURE Baseline Informative Directional Attention Visual Auditory Temporal Interference Situation stress

DALI global value    

[DALI score]

135 (13) 134 (13) 139 (13) 217 (21) 168 (16) 55 (10) 91 (18) 159 (20) 126 (13)

* = p  < 0.05 *** = p  < 0.001

** = p  < 0.01

FIRST VARIABLE SECOND VARIABLE

CONDITION DALI DIMENSION 

TWO-WAY ANOVA TESTS: DALI DIMENSION

y *= marginally 

significant

**
***

DEPENDENT MEASURE Informative Directional Usefull Pleasant Good Nice Effective Likable Assisting Desirable Raising alertness

Acceptance score 

[AATT score]

0,38 (0,10) 0,49 (0,10) 0,79 (0,19) 0,18 (0,17) 0,61 (0,21) 0,04 (0,16) 0,46 (0,24) -0,14 (0,22) 0,86 (0,18) 0,00 (0,21) 1,14 (0,20)

* = p  < 0.05 *** = p  < 0.001

** = p  < 0.01 y *= marginally 

significant

TWO-WAY ANOVA TESTS: AATT ITEMS

FIRST VARIABLE SECOND VARIABLE

CONDITION AATT ITEM

*
y*

y*

*
**

*

**

* ***
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Detection rate  

Detection rate measured if a response was made to a hazard (Hit) or not (Miss) i.e. 
if one press with the steering wheel button was made when a hazard was present. 
If only one response was made during a visible hazard it was counted as a Hit (H) 
and if no response was made it counted as a Miss (M) It was reported as a False 
alarm (F) if a participant responded more than once during an event, meaning that 
neither a Hit or Miss was reported since it wouldn’t be clear which response was 
made for what. The number of Hits and Misses was counted for each 
event/hazard within a Scenario and compared between the Conditions: Baseline, 
the Informative display and the Directional display. For a more detailed descrip-
tion of how the Hits and Misses were found and counted from the simulator log 
see Appendix 13.  
 
The average number of Hits and Misses for a whole Scenario are presented in 
Figure 11 and Figure 12 whereas Figure 13 illustrates the distribution of the De-
tection rate with respect to the Hazards types (Inside Vehicle, Moving Objects, 
Road Conditions, Other Vehicles). 

 

Figure 11. Average Hit rate for the whole run for Baseline, the Informative and the 

Directional display. Error bars display Standard Error of the Mean and the 

maximum count was 20, n =13. 
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Figure 12.  Average Miss rate for the whole run for Baseline, the Informative and the   

Directional display. Error bars display Standard Error of the Mean and the 

maximum count was 20. n =13. 

The One-way ANOVA of the total average Hit rate identified a significant differ-
ence between Baseline and the Informative display and a marginally significant 
difference between the Informative and Directional displays. The Informative 
display resulted in more Hits than both Baseline and the Directional display – it 
made the driver detect more hazards compared to both driving without a system 
and the Directional concept.  See Table 23 for the overall effect and Table 16 for 
the pairwise comparisons. 

Table 23.  Results from the One-way ANOVA test, investigating the effect of Condi-

tion (Baseline, Informative, Directional) on Hit rate. 

 
 

Similar results were identified in terms of Misses of Hazards, the Informative dis-
play resulted in less Misses compared to Baseline. See Table 24 for the overall ef-
fect and Table 16 for the pairwise comparisons. 

Table 24.  Results from the One-way ANOVA test, investigating the effect of Condi-

tion (Baseline, Informative, Directional) on Miss rate. 
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ONE-WAY ANOVA CONDITION on HIT RATE

F-ratio F (2, 24) = 7.016

p -value p  < .01  **

Effect size η = .37

ONE-WAY ANOVA CONDITION on MISS RATE

F-ratio F (2, 24) = 6.125 

p -value p < .05  *

Effect size η = .34
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Figure 13. Hits detection rate with respect to the Hazard types Inside vehicle (IV), 

Moving objects (MO), Road conditions (RC) and Other Vehicles (OV) for 

Baseline, the Informative and the Directional display. Error bars display 

Standard Error of the Mean and the maximum count was 4, n=13. 

The Two-way ANOVA of the Hit rate with respect to Hazard types and Condi-
tion did fail to identify an interaction but there was however a significant differ-
ence between the following Hazard types: Inside Vehicle and Moving Objects, 
Inside Vehicle and Road Conditions, Moving Objects and Other Vehicles, noted 
that this Hit Rate is independent of the Condition. Moving Objects resulted in 
more Hits than both Inside Vehicle and Other Vehicles and furthermore did Road 
Conditions result in more Hits than Inside Vehicle. Hazards within the Inside Ve-
hicle type would therefore be suggested as the most difficult ones to detect and 
Moving Objects the easiest one – more drivers detected the humans and animals 
on or beside the road than the tell-tails in the instrument cluster. See Table 25 for 
the overall effect and Table 19 for the pairwise comparisons. 

 Table 25. Results from the Two-way ANOVA test, investigating the effect of 
Condition (Baseline, Informative, Directional) and Hazard type (Inside 
vehicle, Moving objects, Road conditions, Other vehicle) on Hit rate. 
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3 x 4 REPEATED MEASURE  ANOVA

F-ratio F (2,24) =1.206

p -value p = 0.317

Effect size η = .091 

F-ratio F (1.615,19.374) = 8.332 violation of sphericity, χ2(2) = 27.815, 

p -value p >.01 corrected values (Greenhouse-Geisser; ε) 

Effect size η = .41 are reported              **
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Effect size η = .13
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The Hit and Miss rate with respect to the workload manipulation didn’t add to the 
already presented results and can therefore be found in Appendix 14. There are 
also the results and statistical tests with respect to Hazard location and condition 
presented.  

 
Multi-events were situations with two hazards present simultaneously and both 
Hits and Misses were counted for these situations. The average Hit and Miss rate 
for the Multi-event over a whole Scenario is illustrated in Figure 14 and Figure 15 
whereas Figure 16 and Figure 17 differs the Detection rates between the first and 
second hazard. One of the Multi-events, with the code name 4002, had onset of 
the two hazards simultaneously and did therefore not have a first and second haz-
ard, this event is not included in the Event order results.   
 

 

Figure 14. Average Hit rate of detecting the events included in the Multi-event situa-

tions for Baseline, the Informative and the Directional display. Error bars 

display Standard Error of the Mean and the maximum count was 8, n =13. 
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Figure 15. Average Miss rate of detecting the events included in the Multi-event situa-

tions for Baseline, the Informative and the Directional display. Error bars 

display Standard Error of the Mean and the maximum count was 8, n =13. 

 

 

Figure 16. Average Hit rate of detecting the events included in the Multi-event situa-

tions with respect to the order of events for Baseline, the Informative and 

the Directional display. Error bars display Standard Error of the Mean and 

the maximum count was 3, n =13.  
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Figure 17. Average Miss rate of detecting the events included in the Multi-event situa-

tions with respect to the order of events for Baseline, the Informative and 

the Directional display. Error bars display Standard Error of the Mean and 

the maximum count was 3, n =13. 

The one-way ANOVA of the Hit rate for the Multi events identified a significant 
difference between Baseline and the Informative display as well as between the 
Informative and Directional display. The Informative display resulted in more 
Hits compared to both Baseline and the Directional display indicating that the 
Informative display made it easier to detect hazards when more than one hazard 
was present at once. See Table 26 for the overall effect and Table 16 for the pair-
wise comparisons.  

Table 26.  Results from the One-way ANOVA test, investigating the effect of Condi-

tion (Baseline, Informative, Directional) on Multi-event Hit rate. 

 
 
Furthermore, the Two-way ANOVA test to investigate any interaction between 
Condition and Multi-event order on Hit rate did identify an interaction. The in-
formative display resulted both in more Hits compared to Baseline and the second 
event resulted in less Hits than the first hazard. When analyzing the graph (Figure 
16 ) more closely, there is no difference between the three conditions for the first 
event but the Informative display results in more Hits for the second event com-
pared to the other Conditions. Hence, the Informative display did support the 
driver to detect a second hazard when another one already was present. See Table 
27 for the overall effect and Table 20 for the pairwise comparisons. 
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F-ratio F (2,24) = 8.519

p -value p <0.01  **

Effect size η = .42
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Table 27.  Results from the Two-way ANOVA test, investigating the effect of Condi-

tion (Baseline, Informative, Directional) and Multi-event order (First, Se-

cond) on Multi-event Hit rate. 

 
 
In terms of Misses the same behavior was identified, see Table 28 for the overall 
effect and Table 16 for the pairwise comparisons of the one-way ANOVA and 
Table 29 for the overall effect and Table 20for the pairwise comparisons of the 
two-way ANOVA.  

Table 28.  Results from the One-way ANOVA test, investigating the effect of Condi-

tion (Baseline, Informative, Directional) on Multi-event Miss rate. 

 

Table 29.  Results from the Two-way ANOVA test, investigating the effect of Condi-

tion (Baseline, Informative, Directional) and Multi-event order (First, Se-

cond) on Multi-event Hit rate. 

 

F-ratio F (2,24) = 7.353

p -value p < .01 **

Effect size η = .40

F-ratio F (1,12) =32.447

p -value p  < .001 ***

Effect size η = .73

F-ratio F (2,24) =1.013

p -value p <.05 *

Effect size η = .23
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F-ratio F (2,24) = 6.256

p -value p < 0.01  ***

Effect size η = .37

3 x 2 REPEATED MEASURE  ANOVA

F-ratio F (2,24) = 1.628,

p -value p <.01 **

Effect size η = .34

F-ratio F (1,12) = 23.705

p -value p  <.001 ***

Effect size η = .72
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Effect size η = .21
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Reaction time 

The Reaction time measured how long time it took for a driver to detect a hazard 
and was calculated as the time between a hazard onset and the press with the 
steering wheel button. Like the Detection rate no value was reported if a False 
Alarm was made and for a description of how the values were calculated from the 
raw data see Appendix 13.  

The reaction time was only calculated for the single events (i.e. the reaction times 
of the Multi-events are not included). The average Reaction times for all single 
events within a scenario are illustrated in Figure 18 and Figure 19 illustrates the 
average reaction times within each trial.  

 

 

Figure 18. Average Reaction times over the whole run for Baseline, the Informative 

and the Directional display. Error bars display Standard Error of the Mean, 

n=13. 
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Figure 19. Average Reaction times within the four Trials for Baseline, the Informative 

and the Directional display. Error bars display Standard Error of the Mean, 

n=13. 

The one-way ANOVA of Reaction time identified a marginally significant differ-
ence between Baseline and the Informative display, where the Informative display 
resulted in a marginally shorter Reaction time compared to Baseline. This indicates 
that the Informative display made the drivers react faster to the hazards than driv-
ing without a system. See, Table 30 for the result of the overall effect and Table 16 
for the pairwise comparison.  

Table 30.  Results from the One-way ANOVA test, investigating the effect of Condi-

tion (Baseline, Informative, Directional) on Reaction time. 

 

The workload was increased with the 1-back task in Trial 4, representing the high 
workload section of the road. This result compared to Trial 2’s, which included no 
secondary task (low workload) made the comparison of workload manipulation. 
In terms of the Reaction times when the workload was increased, the two-way 
ANOVA failed to identify and interaction of Condition and Workload on Reac-
tion times. However, the test identified a significant difference of Reaction times 
in the High and Low workload trials; the Low workload Trial (Trial 2) resulted in 
slower Reaction times compared to the high workload Trial (Trial 4). Note that 
this comparison made no difference between the Conditions. When the workload 
was increased in Trial 4 it resulted in faster reaction times compared to when re-
sponding to hazards in Trial 2. See Table 31 for the result of the overall effect and 
Table 17 for the pairwise comparison.  
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F-ratio F (2, 24) = 3.917
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Effect size η = .25
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Table 31.  Results from the Two-way ANOVA test, investigating the effect of Condi-

tion (Baseline, Informative, Directional) and Workload (Low, High) on Re-

action time. 

 

When doing the same test but with respect to Hazard location another marginally 
significant difference was found; hazards located to the Left was detected fast-
er/earlier than the ones located on the right side. More graphs and details about 
the statistical tests are found in Appendix 14, where also the Reaction time with 
respect to Hazard types is presented.   

Detection accuracy  

Detection accuracy measured the informativeness of the Conditions by investigat-
ing what the driver actually detected when pressing the steering wheel button, in-
forming about what the driver detected. The verbal responses the participants 
made during the talk out loud task within Trial 3 were analyzed in terms of correct 
or incorrect response and for a more detail description of how the result was 
translated and calculated from the raw data, see Appendix 13.  

There was no significant difference between the Conditions in terms of correct 
verbal response to the hazards within Trial 3. The drivers perceived the same in-
formation in the situation independent of driving Condition. Neither was there a 
difference between the Events and the correct verbal response; all events within 
Trial 3 were considered equally easy to comprehend regarding what they repre-
sented.  

For a more detail description of the statistical tests when comparing the Detection 
Accuracy metrics, see Appendix 14.  

4.4.2 Workload  

The workload was increased in Trial 4 with the 1-back task and measured with the 
performance of it and the subjectively estimated workload with DALI. While the 
performance of the 1-back task measured to what degree the secondary task could 
be carried out, the subjective workload gave indications of how demanding a spe-
cific Condition was experienced.  

3 x 2 REPEATED MEASURE  ANOVA

CONDITION and WORKLOAD on REACTION TIME

F-ratio F (2, 22) = 2.389

p -value p = .115

Effect size η = .18

F-ratio F (1, 11) = 25.428

p -value p  < .001 ***

Effect size η = .70

F-ratio F (2,22) = 0.669

p -value p = 0.523

Effect size η = .057CO
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Performance of the 1-back task  

The performance of the 1-back task measured to what extent the participants 
could carry out the secondary 1-back task where the number before the one just 
played was repeated verbally. A correct response were repeating the number pre-
vious to the one just played and an incorrect response was either saying the wrong 
number or not giving a response at all. How the raw data was processed and cal-
culated is described in Appendix 13. 

There was no difference of the 1-back task results between the Conditions imply-
ing that the secondary task was equally demanding to carry out independent of 
driving without a system, with the Informative or Directional display. To view the 
graphs and statistical tests for these results, see Appendix 14. 

DALI 

DALI is a standard questionnaire to rate the subjectively estimated level of work-
load caused by the overall driving task, i.e. not only the section with increased 
workload but a whole Scenario driven with one Condition. The questionnaire did 
not only provide the overall DALI Global Value for each Condition but also in 
which dimensions the task was considered more or less demanding. A more de-
tailed description of how the values were calculated is presented in Appendix 13.  

The DALI Global Value and how each dimension was rated are illustrated in Fig-
ure 20 and Figure 21. The maximum value of the DALI Global Value was 100 
meaning the condition was extremely demanding and in terms of the dimensions 
the maximum value was 500.  
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Figure 20. Average DALI Global Value for Baseline, the Informative and the Direc-

tional display. Error bars display Standard Error of the Mean and maximum 

score was 100 being the most demanding in terms of workload. n=14. 

The One-way ANOVA test on the DALI Global Value between Conditions failed 
to identify a significant difference, meaning that all three conditions were rated 
equal in terms of subjectively estimated workload. See Table 32 for results of the 
overall effect and Appendix 12 for the pairwise comparisons.  

Table 32.  Results from the One-way ANOVA test, investigating the effect of Condi-

tion (Baseline, Informative, Directional) on Global DALI Score. 
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F-ratio F (2, 26) = 0.132

p -value p =  0.877  

Effect size η = .01
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Figure 21. Average DALI Score for Baseline, the Informative and the Directional 

display with respect to the DALI dimensions: Effort of Attention, Visual 

demand, Auditory demand, Temporal demand, Interference and Situation 

stress. Error bars display Standard Error of the Mean and maximum score 

was 500 being the most demanding in terms of workload, n=14. 

The two-way ANOVA to investigate an interaction of Condition and DALI Di-
mensions on the DALI score did also fail to identify an interaction but did indi-
cate on some Dimensions being more demanding than others. This comparison is 
independent of Condition and only implies on how the driving task was experi-
enced.   

- The Effort of Attention was considered significantly more demanding than 
the Auditory demand. 

- The Visual demand was considered more demanding than the Auditory 
demand. 

To summarize, the task was considered high demanding in terms of maintaining 
attention and little effort was required in the auditory dimension. See Table 33 for 
the result of the overall effect and Table 21 for the pairwise comparisons  
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Table 33.  Results from the Two-way ANOVA test, investigating the effect of Condi-

tion (Baseline, Informative, Directional) and DALI dimension (Effort of 

Attention, Visual demand, Auditory demand, Temporal demand, Interfer-

ence, Situation stress) on DALI score. 

 

For a more detailed description of the statistical tests with respect to the DALI 
results, see Appendix 14.   

4.4.3 Driving performance  

In terms of driving performance the Speed and Lateral control was investigated to 
conclude if any changes of driving behavior occurred with any of the Concepts 
(Informative, Directional) compared to driving without a system (Baseline). The 
Mean speed and Standard Deviation of Lane Position were calculated from the 
simulator log and a further investigation in terms of speed was carried out. 

Speed  

The mean speed, being the average speed within a predefined interval, was calcu-
lated from the Simulator log, and for a more detailed description on how, see Ap-
pendix 13.  
 
The mean speed of a whole scenario is presented in Figure 22 whereas Figure 23 
illustrates the momentum speed of one driver for each condition individually. The 
maximum speed of the simulated truck was 90km/h (25m/s). 

3 x 6 REPEATED MEASURE  ANOVA

CONDITION and DALI DIMENSION on DALI SCORE

F-ratio F (2, 26) = 0.132

p -value p = 0.877

Effect size η = .010

F-ratio F (3.082,40.060) = 3.992 violation of sphericity, χ2(2) = 28.056, 

p -value p  < .05 corrected values (Greenhouse-Geisser; ε) 

Effect size η = .24 are reported               *

F-ratio F (3.980, 51.742) = 0.532 violation of sphericity, χ2(2) = 95.773, 

p -value p = 0.712 corrected values (Greenhouse-Geisser; ε) 

Effect size η = .04 are reported              
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Figure 22.  Mean Speed over a whole run for Baseline, the Informative and the Direc-

tional display. Error bars display Standard Error of the Mean and maximum 

speed was 25m/s (90km/h). n=13. 
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Figure 23.   Momentum Speed over a whole run for Baseline, the Informative and 

the Directional display. The left y-axis for the grey lines displays the 

event presentation over the distance, 0=off, 0< on, and the right y-axis 

and black graph illustrates the momentum speed over the distance with 

the maximum speed being 25m/s (90km/h). n=13  
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The one-way ANOVA testing Condition on Mean speed failed to identify any 
differences, meaning that the average speed remained the same for all three condi-
tions. See Table 34 for results of the overall effect and Appendix 12 for the pair-
wise comparison.    

Table 34. Results from the One-way ANOVA test, investigating the effect of Condi-

tion (Baseline, Informative, Directional) on Mean Speed.  

 

 

The momentum speed graphs on the other hand shows different driving behav-
iors between the Conditions. The darker line illustrates the Momentum speed 
throughout one Scenario /Condition and the lighter grey lines show the start and 
end of an event. When driving with the Concepts (Informative, Directional) this 
specific driver slowed down before a hazard, a behavior which was not carried out 
when driving without a system. However, this was not the case for all drivers.  

Comparison of the speed between the high and low workload trials was also car-
ried out. The two-way ANOVA failed to identify an interaction of Condition and 
Workload on Mean Speed but there was a significant difference of the Speed with-
in the Trials; the mean speed within the low workload Trial (Trail 2) was signifi-
cantly higher than the speed held within the high workload Trial (Trial 4) inde-
pendent on Condition. The drivers kept a higher speed within the low workload 
Trial compared to the high workload Trial. 

To view this graph as well as a more detailed description of the statistical tests for 
the speed results, see Appendix 14.    

Lane position    

The Standard Deviation of Lane Position (SDLP) reflects how much the vehicle 
swifts within the lane in terms of lateral position i.e. how much the position within 
the lane varies from the average. The SDLP was calculated from the simulator log 
and a more thorough description on how is found in Appendix 13.  

The one-way ANOVA comparing Condition on SDLP failed to identify any dif-
ference, implying that the SDLP was not affected by the driving condition, it re-
mained the same when driving without a system as driving with. Further, the two-
way ANOVA to investigate a possible interaction of Condition and Workload on 
SDLP did also fail but there was a significant difference of Workload on the posi-
tion within the lane. The low workload trial (Trial 2) resulted in a higher SDLP 
than the SDLP achieved within the high workload trial (Trial 4). This result is in-
dependent of Condition, so when driving within Trial 2 the truck made more 
and/or bigger changes of the lateral position within the lane compared to when 
driving in Trial 4. To view the graphs and more details of the statistical tests of the 
SDLP, see Appendix 14. 

ONE-WAY ANOVA CONDITION on MEAN SPEED 

F-ratio F (1.470,10.918) = 1.616

p -value p = 0.228

Effect size η = .12

violation of sphericity, χ2(2) = 18.682, 

corrected values (Greenhouse-Geisser; ε) 

are reported          
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4.4.4 Subjective opinion  

The subjective opinion captured the drivers’ opinions of the Concepts (Informa-
tive, Directional) in terms of Acceptance provided by a standard questionnaire, 
AATT, and a comparative questionnaire, which compared the two concepts. The 
results provided input on improvements and which of the two designs that was 
most preferred 

AATT  

The Acceptance provided by the AATT questionnaire consisted of a combined 
Usefulness and Satisfaction score. Of the nine items that were rated (on a scale 
from -2 to 2), five of them corresponded to the Usefulness score and the other 
four to the perceived Satisfaction. The average Acceptance scores are presented in 
Table 35 and in Figure 24 the two dimensions are presented in a graph to illustrate 
the Acceptance by having the Satisfaction score on the x-axis and Usefulness 
score on the y-axis: so the higher up in the right corner the score is located, the 
higher perceived Acceptance of the system. The drivers only rated the two con-
cepts (Informative, Directional) leaving out Baseline for this metric. Further 
scores of each item are illustrated in Figure 25. For more details of how the scores 
were calculated, see Appendix 13.   

Table 35. Usefulness and Satisfaction Score for the Informative display and the Direc-

tional Display, combined gives the Acceptance score. Scale ranges from -2 

to 2. 

 

Usefulness Satisfying

INFORMATIVE 0,71 -0,06

DIRECTIONAL 0,82 0,10

ACCEPTANCE SCORE
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Figure 24. Two-dimensional presentation of the Acceptance of the Informative and 

Directional display with the Usefulness score on the y-axis and Satisfaction 

score on the x-axis. The scale ranges from -2 to 2 and the closer to the up-

per right corner a system is positioned the higher rated Acceptance. n=14. 
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Figure 25.  Average rating of each AATT item (Useful, Pleasant, Good, Nice, Ef-
fective, Likable, Assisting, Desirable and Raising Alertness) for the 
Informative and Directional display. The scale ranged from -2 to 2, 
n=14. 

The t-test of the Acceptance score failed to identify a significant difference; both 
concepts were considered equally accepted. However, it was rated more useful 
than Satisfying. See Table 36 and  

Table 37 for the results of the overall effect and Appendix 12 for the pairwise 
comparison.   

Table 36.  Results from the t- test, investigating the effect of Condition (Informative, 

Directional) on Usefulness Score. 

 

 

Table 37.  Results from the t- test, investigating the effect of Condition (Informative, 

Directional) on Satisfaction Score. 

 

-2,00

-1,50

-1,00

-0,50

0,00

0,50

1,00

1,50

2,00

Useful Pleasant Good Nice Efective Likable Assisting Desirable Raising
Alertness

Sc
o

re

Items

AATT Item scores
Average 

INFORMATIVE DIRECTIONAL

T-TEST CONDITION on USEFULLNESS SCORE 

t-value t (13) = -0.267

p -value p  (2-tailed) = 0.793  

T-TEST CONDITION on SATISFACTION SCORE 

t-value t (13) = -0.579

p -value p  (2-tailed) = 0.573  
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The two-way ANOVA test to investigate any interaction between Condition and 
Items on Acceptance score failed to identify an interaction but some Items were 
rated higher than others independent of Condition. The following significant dif-
ferences were found: 

- Useful scored marginally significantly higher than Desirable 

- Raising Alertness scored significantly higher than Pleasant 

- Good scored marginally significant higher than Likable 

- Good scored significantly higher than Desirable 

- Raising Alertness scored significantly higher than Nice 

- Assisting scored significantly higher than Likeable 

- Raising Alertness scored significantly higher than Likeable 

- Assisting scored significantly higher than Desirable 

- Raising Alertness scored significantly higher than Desirable 

Both warning signal designs, independent of the concepts’ design, were consid-
ered to Raise alertness, be Useful and Assisting but needs to improve the Likabil-
ity, Niceness and Desirability in order to archive a higher Acceptance Score.  See 
Table 38 for the results of the overall effect and Table 22 for the pairwise compar-
isons. 

Table 38.  Results from the Two-way ANOVA test, investigating the effect of Condi-

tion (Informative, Directional) and AATT item (Useful, Pleasant, Good, 

Nice, Effective, Likable, Assisting, Desirable, Raising Alertness) on AATT 

score. 

 

2 x 9 REPEATED MEASURE  ANOVA

CONDITION and AATT ITEM  on AATT SCORE

F-ratio F (1, 13) = 0.157 violation of sphericity, χ2(2) = 95.773, 

p -value p =  0.698 corrected values (Greenhouse-Geisser; ε) 

Effect size η = .01 are reported               

F-ratio F (8,104) = 8.860

p -value p  >.001 ***

Effect size η = .41

F-ratio F (8, 104) = 0.532

p -value p = 0.723

Effect size η = .05
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Comparative questionnaire  

The comparative questionnaire consisted of specially constructed questions to 
compare the two concepts in terms of the most favored, special design attributes 
and suggested improvements. It also allowed each driver an opportunity to give 
general comments on the concepts, the test, the simulator and the idea of a holis-
tic system. A summary of the answers is presented in Table 39, whereas a more 
detailed description of the answers are given in the text below. Most of the ques-
tions offered alternatives like yes/no or too late/ok/too early while a few only 
asked for a comment.  
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Table 39.  Summary of the answers from the comparative questionnaire.  

 

QUESTIONS AND ALTERNATIVES COUNT COMMENTS

1. Which concept did you perfer? n=14

Informative 7

"Get a felling of how risky the situation could be" "Know 

what kind of hazard one can expect with the other 

concept was it difficult to know what was what"

Directional 7

"One color is enough since it is only important to know 

where to look" "Less to think about and understand, it 

should be as easy as possible" "the traveling dot were 

effective to warn"

n=12

Yes 10
"Supported the detection of objects on the right hand 

side" "Got ready when you needed to" 

No 2
"The concepts were annoying, I can detect objects by 

myself" 

Colors wrt level of risk. Red most dangerous

n=13

Too long 7

Ok 6

Too short 0

4b. Would you prefer to inactivate the signal by 

yourself after you have detected the hazard?  n=14

yes 8

no 6
"There are enought buttons as it is, I want to focus on 

driving not turn off systems"

4c. What did you think about the timing of the 

signals? Should they have come:
n=13

Earlier 0

Later 3

Ok 10

5. What did you think about the brightness of the 

signal? 
n=14

To strong 8

Ok 6

To low 0

Include

Not include

n=14

1=low 0

2 3

3 4

4 7

5=high 0

n=13

1=low 1

2 1

3 3

4 7

5=high 1

4a. What did you think about the duration of the 

light signals?

7. What other systems or hazard would you like to 

include within this interface? Any you would like to 

exclude? 

8a. What did you think about the realism of the 

events/hazards?

8b. What did you think about the realism of the 

scenario?

Set the brighness of the light manually depending on day 

or night driving

"Good to have a system which helps to detect objects on 

the right side, very common that cyclists occurs there and 

you have little chance as a driver to detect them" 

"No need to inform about overtaking cars, they occur all 

the time"

"Mooses are common in reality but they didn't move in 

the simulation" "Motorcyclists, mooses, humans are 

common but not rocks"

"This much happens if I drive in Stockholm City" 

"Common that it happens a lot when I drive in Germany"

2. Did any of the concepts make it easier for you to 

detect a hazard compared to Baseline?

3. Which improvement would you like to make to 

any of the concepts?

SUMMARY OF THE COMPARATIVE QUESTIONNAIRE
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The first question showed that seven of the 14 drivers preferred the Informative 
display while the other seven liked the Directional display better. Some comments 
for liking the Informative display were that the different colors gave a feeling of 
how severe the situation could be and that it was too difficult to know what the 
other concepts warned about. The ones who favored the Directional display made 
comments about it being enough with one color since you only need to know 
where to look, that it is less to understand with this approach and the traveling dot 
were effective in terms of warning for hazards.  

The second question concerned a comparison of their favored concept to base-
line; if any of the concepts made it easier for them to detect a hazard compared to 
driving without a system. Ten participants said it did whereas two thought it didn’t 
with the comment of the concepts being annoying and he was capable of detect-
ing the hazards all by himself. Two participants could not decide.  

In terms of improvements and the third question some commented on the choice 
of colors for the Informative display and that it should have a redder color for the 
most dangerous hazards and fading to orange, yellow and white for hazards 
providing smaller risks. Other suggestions were to connect the LED’s with the 
brightness in the instrument cluster so it could change brightness depending on 
driving at day or night time as the lights instrument clusters do.  

Question four concerned the specific design of the signals and was divided in 
three parts concerning: 1) the duration of the signals, 2) if it would be preferred to 
deactivate the system when a hazard was present and 3) if the signals should have 
come earlier of later. Seven participants thought the duration of the signals were 
too long whereas six thought it was okay (one did not answer the question) Eight 
drivers would have liked to turn off the system by themselves while six would not, 
a few made the comment that there already are enough buttons to press in the 
truck as it is. Ten drivers thought the timing of the signals were okay and three 
thought they should have come later (one participant did not answer the ques-
tion).   

In terms of the brightness of the signals, question five, eight drivers answered that 
it was too bright and strong and the remaining six though it was okay. Question 
seven concerned what other systems they could include in the LED solution and 
which hazards/events that could be excluded. Some drivers made comments 
about detecting object on the right side of the vehicle being useful, and three driv-
ers wanted to exclude the overtaking car warning.  

In terms of the event realism in question eight they were asked to rate the event 
and scenario realism on a scale from one to five. The event realism concerned the 
specific hazards and if they were common on the road while working. Comments 
made it clear that some events were more common than others, for instance mo-
torcyclists, moose and humans were common while the rock was not. The scenar-
io realism related to if it was common that as many things happened in a short 
amount of time in real life as it had done in the simulation. Seven of the drivers 
scored a four, saying that many thing happens in a short amount of time when 
driving in Stockholm city or down in Germany. The average ratings of the realism 
are displayed in Table 40. 



Evaluation-study 

85 

Table 40.  Average Realism rating of the Event/hazards in the simulation and the Sce-

nario relating to the situation of being exposed to many hazards in a short 

amount of time. SEM=Standard Error of the Mean. 

 

4.5 Discussion 

The Evaluation study aimed at answering the question “How are drivers affected 
by and how do they perceive a holistic interface design in driving tasks in terms of 
mental workload and detecting hazards? “ 

This section will start with a discussion about the results and the methodological 
implications. Then there is a summary discussion of the main results followed by 
conclusions. 

4.5.1 Discussion of results and methods 

Fourteen professional truck drivers performed a simulator test in order to respond 
to hazards by pressing a steering wheel button throughout a scenario. At one 
fourth of the route (Trail 3) they also responded verbally to what they detected, 
and at another fourth of the route (Trial 4) a 1-back task was performed. This task 
increased the workload and meant that a series of numbers were played to the 
driver, who should repeat the number previous to the one just heard. This part of 
the discussion is structured by the four categories, which were consistently used in 
the evaluation study.  

Event detection  

Event detection was measured with the Detection rate, Reaction time and the de-
tection Accuracy, investigating if a hazard was detected, how long time it took to 
detect the hazard and what was detected. The four types of hazard were: Inside 
the Vehicle (IV), Moving Objects (MO), Road conditions (RC) and Other Vehi-
cles (OV), being for instance tell-tails in the instrument cluster, humans or animals 
on or beside the road, damages on the road or situations where other vehicles be-
comes a hazard to the own vehicle. The results from these measures are discussed 
below. 

Detection rate 

The detection rate investigated if a hazard was detected, representing a Hit or a 
Miss. A Hit was when one response with the steering wheel button was made 
when a hazard was visible and a miss if no response was made. Comparisons of 
the total Detection rate between conditions over a whole run and the distribution 
of Hits between the Types of hazards showed significant differences.  

EVENT SCENARIO

Average 3,29 3,46

SEM 0,22 0,29

REALISM RATING
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The informative display resulted in more Hits and less Misses than Baseline seen 
over a whole scenario, meaning that the Informative displayed made it easier for 
the drivers to detect hazards. However, it could be discussed if the participants 
only pressed the button when a signal was displayed. But this would have resulted 
in a perfect Hit rate (no misses), a behavior that only occurred for a few of the 
drivers and the behavior never applied for both the Informative run and the Di-
rectional run from the same driver. This implies that each participant performed 
the task as instructed; only giving a response with the steering wheel button when 
a hazard was detected, hence the perfect Hit rate was a result of the Condition. 
The reason for presenting both the Hit and Miss rates was due to the varying 
amount of false alarms (more than one response for one hazard), the total amount 
of Hits and Misses for a condition could therefore vary but by presenting both Hit 
and Miss rates it is less likely to lose any valuable data.  

In terms of the Hit and Miss rate with respect to the hazard types, hazards Inside 
the Vehicle was the most difficult one to detect overall, possibly because they oc-
cur outside the drivers’ visual field (not occurring on the road), making them more 
difficult to detect. But they also relate to something that isn’t realistic to occur in a 
simulator.  
 
The driver could do nothing about the Inside Vehicle hazards, for instance isn’t it 
possible to stop at a gas station when the low fuel indicator was lit, since the truck 
isn’t real. This type of hazards could therefore been given a low priority in the test. 
However, the participants were instructed before the test that changes could occur 
in the instrument cluster. These icons could also be something drivers aren’t usu-
ally looking at when they are driving. One driver made a comment about this and 
explained that he usually checks the state of the truck in the beginning of his shift, 
controlling the fuel level etc. The tail-tells affect something that doesn’t just 
change suddenly without the driver’s knowledge. Experienced drivers hear if 
something is wrong with the truck, so to look at the instrument cluster as often as 
the test required wasn’t part of his usual routines, a possible reason resulting in 
worse detection rate for these kinds of hazards.  
 
The Other Vehicle (OV) hazards, which resulted in the second worst detection 
rate and fewer hits compared to the Moving Objects type, included: an overtaking 
car, motorcyclist overtaking on the left side and the car in front breaking, which 
all could have resulted in fewer hits due to the fact that they are dynamic. The 
Moving Object (MO) covered objects, which could move out in the lane but they 
were stationary in the simulation. Whereas the Other Vehicles changed position 
and is more likely to be missed. Some drivers also commented that an overtaking 
car wasn’t considered a hazard and at least one of them was determined to not 
respond on this hazard when it occurred.     
 
Multi-events were situations with two hazards present simultaneously and the total 
Detection rate and the Detection rate with respect to Event order was investigated 
for the three conditions: Baseline, the Informative display and the Directional dis-
play.  The Informative display did result in more hits and less misses for the Multi 
events compared to driving without a system and the Directional display. These 
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were however included in the previous comparisons and the follow up evaluation 
with respect to the Multi event order would be the more interesting ones.  
 

When comparing the Hit rate with respect to the Multi-event order, the Hit rate 
for the first event were equal between the Conditions (Baseline, Informative, Di-
rectional) but for the second event the Informative display resulted in more Hits 
than Baseline; hence, there was an interaction between Condition and Multi-event 
order on Hit rate. The Informative display supported the driver to detect the se-
cond hazard when another one already was present.  

This implies that it was effective to have a difference between the signals when 
more information has to be conveyed at once. The Directional display alerted the 
driver of the exact same hazards but didn’t make a difference between the types 
i.e. the same color and pattern were shown independent of the type of hazard. In 
the situation of a Multi-event the Directional display did lit a lot of LED’s in the 
same color, leaving the driver to figure out what he/she should look for; ”Should 
I search inside the vehicle or outside, is there another vehicle or a human” and so 
on. A hypothesis could be that when searching after the first hazard when driving 
with the Directional display, enough resources were already spent on finding what 
the first warning was about so the second one remained unnoticed. The informa-
tive display presented information, which made the Multi-event situations more 
understandable and easier for the driver to draw attention to the most critical at-
tributes in the environment. It should also be mentioned that the two of the three 
Multi-events included in this comparison had a tell-tail as the second hazard, the 
type of hazard indicated to be the most difficult one to detect in the previous 
comparison. 

In terms of reliability when measuring the Detection rate and Reaction times, both 
benefits and disadvantages can be discussed. When measuring the above metrics, 
calculations and analyses of the simulator log were performed, leaving room for 
human error to affect the outcome of the results. A wrong inserted criteria or mi-
swritten formula results in unreliable data, but correctly processed data would on 
the other hand provide results with high accuracy. In this study the response via a 
steering wheel button press was analyzed to achieve the number of Hits, Misses 
and the Reaction time. Alternative approaches could have been a verbal or natural 
response (Johansson et al., 2004). A natural response to register event detection 
like analyzing the brake pedal movement requires that the hazard force the driver 
to brake, which not all events in this study did. Further, a verbal response 
wouldn’t have allowed the Reaction times to be measured with an accuracy of 0, 
05 second. The choice of calculating the Event detection metrics Detection rate 
and Reaction time with the steering wheel button would therefore be considered 
acceptable regarding the reliability.  
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Reaction time  

The Reaction time investigated how long time it took to detect a hazard and was 
calculated as the time from when a hazard occurred (onset time) to when the driv-
er made a response with the steering wheel button. Comparisons between condi-
tions over a whole run and with respect to the different trials indicated on signifi-
cant differences.  

When comparing the total average Reaction time over a whole run, the Informa-
tive display resulted in shorter Reaction times compared to Baseline, implying that 
the Informative display made the driver respond and react faster to the hazards.  
It could be reasoned that this results from the early warning provided by the sys-
tem. The distances to the hazard at which the alert started was extremely long in 
this study compared to what sensibility a sensor could achieve today. However, it 
would be possible to achieve in a future with Vehicle-to-vehicle communication 
where cars in front functions as sensors to the own. The warning signal concepts 
did however make the driver detect a hazard earlier independent of what is realis-
tic to achieve in a technological aspect today or not.   
 
From a human processing point of view, the early notification on where to look 
for an object would make it possible to detect the object earlier than at normal 
search behavior. As Wickens et al (2013) states, changes are more likely to be de-
tected when the changing stimulus is more salient and when more attention is fo-
cused to the location before and after a change, which is what both the Informa-
tive and Directional display does. They made the changes in the environment 
more salient and drew the attention to the upcoming hazard earlier than what the 
human eye could detect. And as mentioned before, if the drivers just made re-
sponses any time the LED’s lit, the results would be the same for both warning 
signal concepts (Informative, Directional) which was not the case. 
 
The comparisons between Trials represent the Workload manipulation; Trial 2 
represented the low workload part whereas the workload was increased in Trial 4 
with the secondary 1-back task, being the high workload part of the test. The sta-
tistical tests investigating the Reaction times within the Trials showed that the low 
workload Trial resulted in slower reaction times compared to the high workload 
trial, independent of the condition. This is not the effect one would expect with 
an increased Workload (Johansson et al, 2004), but it could be an effect from hav-
ing different events within the Trials. The braking car is included in Trial 4 and 
unlike most other events this isn’t presented long before a driver detects it as a 
hazard. The reaction time for this hazard starts when the car in front brakes, and 
ends when the driver makes the button press. Due to the fast and automatic be-
havior from the driver to avoid a collision it results in a response extremely short 
after the car in front starts to brake, giving a short reaction time.  
 
Furthermore, an event in the Road Condition type was a work in progress area 
included in Trial 4. It was grouped with the other Road Condition events, pothole 
and rocks on the road and given the same onset distance as these two, the onset 
distance defined the distance to a hazard when the alarm started and the time 
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from which the Reaction time began. The work in progress is easier to detect 
from longer distances than the pothole, since it sticks out higher from the ground. 
This resulted in many of the driver responding before the onset time of the work 
in progress had started, resulting in a Reaction time equaled to 0. So the reason for 
having shorter reaction times in the high workload trial compared to the low 
workload trial could possibly be explained by the differences of events within the 
Trials rather than the workload manipulation. Further evaluations investigating the 
effect of workload on the Conditions should therefore consider the variation of 
events more carefully to increase the reliability of the test, something to take into 
account in similar evaluations in the future.  

Detection accuracy 

The talk out loud task during Trial 3 where the drivers were asked to respond to 
what kind of hazard they saw, was included to investigate what was detected. The 
drivers’ responses were converted to correct and incorrect answers and the statis-
tical tests showed that there was no difference between driving without a Holistic 
system (Baseline), with the Informative display or the Directional display; all con-
ditions resulted in the same comprehension of what kind of hazard was present.   
 
The absence of differences could results of letting all drivers try all three condi-
tions. After driving the first condition the driver knew what kind of events to ex-
pect and therefore score a bit better on the other two runs. This could have been 
avoided by only letting one participant drive one scenario with one condition, but 
it would have required more participants. Furthermore, this would also affect the 
opportunity for each participant to compare the two concepts and give comments 
and suggestions of improvements, an aspect considered useful since the overall 
idea of a Holistic system needs to be further developed before it could be consid-
ered a product.  
 
Even though the distribution of correct and incorrect responses was the same 
between the conditions, this metric didn’t cover when the response was made. As 
the informative display resulted in marginally faster reaction times compared to 
Baseline, it would be implied that the understanding of the situation came earlier 
but it can’t be taken for granted. Hence, to increase the reliability of the Detection 
accuracy measure, the time the verbal response was given should have been in-
cluded as well.  
 
It would also be interesting to investigate if this effect of the Detection accuracy 
stays the same under higher workload conditions. By including a secondary task, 
which doesn’t function in the verbal domain, e.g. the PDT task, it can be per-
formed simultaneously as the talk out loud task, investigating the concepts’ 
informativeness under higher workload conditions.  
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Workload 

The workload was manipulated with the secondary 1-back task and measured with 
the performance of it, as well as the subjectively estimated level of workload pro-
vided by the DALI questionnaire. This was done to find out if the conditions 
were considered equally demanding in terms of workload and how a driver per-
formed under higher workload conditions.  

DALI 

The subjective estimated workload given by the DALI form provided a Global 
score of the overall perceived level of workload for each Condition (Baseline, In-
formative, Directional) and a score of how demanding six different dimensions 
were (Effort of Attention, Visual demand, Auditory demand, Temporal demand, 
Interference and Situation stress). The statistical test comparing the Global score 
for Baseline, the Informative display and the Directional failed to identify any dif-
ferences, implying that all three conditions were considered equally demanding in 
terms of subjective workload.  
 
However, it should be considered that the DALI global value gives the overall 
score for the whole run. Baseline could be reasoned to be less demanding during 
the low workload trial compared to driving with the warning signal concepts (In-
formative, Directional) since detecting hazards is a natural part of driving, but was 
considered more demanding than the concepts in the high workload trial. This 
would have resulted in an equal score of the overall workload for all three condi-
tions; which was the case in this study. To avoid this effect, separate ratings and 
weightings should been carried out for the two different levels of workload (Trial 
2 and Trial 4) within each scenario, i.e. after completed one condition the driver 
should fill out one DALI form for the low workload trial and another for the high 
workload.  
 
With respect to the separate DALI dimensions no interaction was found, but 
there was a significant effect of DALI dimensions (Effort of Attention, Visual 
demand, Auditory demand, Temporal demand, Interference, Situation stress) on 
DALI score, which tells a bit about the task at hand. Independent of the Condi-
tion the drivers were exposed to, Attention and Visual scored significantly higher 
than Auditory. These results indicate that the tasks’ Auditory demand was consid-
ered the least demanding whereas the Attention and Visual demand was rated as 
the dimensions requiring the most effort in the included driving task.  
 
This doesn’t tell much of the level of perceived workload for the three Conditions 
but more of the primary task in the test; detecting hazards. It was considered more 
demanding in terms of Attention and Visual demand to complete a run than what 
the Auditory dimension required. Since no differences between the dimensions 
were found between the Conditions, it could also be implied that neither of the 
warning signal concepts (Informative, Directional) increased any demand com-
pared to performing the test without a concept.   
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Using the DALI questionnaire did provide a relative easy measure for the level of 
subjective perceived workload; however, it could have been used differently as 
mentioned above. Since the workload was increased during only a part of the 
route, an overall rating equalizes the differences between the high and low work-
load conditions. If each participant were asked to rate the low and high workload 
trials separately, indications of differences might have appeared. 

1-back performance 

To increase the workload a secondary task was included in Trial 4 of the test. The 
task required the driver to repeat a number from a recorded and played series of 
random numbers. In this study the number before the one just played was repeat-
ed making it a 1-back task. The performance of the task was measured in terms of 
correct and incorrect responses to partly investigate how the driver performs un-
der higher workload conditions. The statistical test comparing the performance of 
the 1-back task between driving without a system (baseline) the Informative and 
the Directional display failed to identify any differences; all conditions resulted in 
the same score of the 1-back task and the spread of correct and incorrect response 
was the same independent of driving with or without a warning signal concept. 
This shows that neither driving without a system (Baseline), the Informative dis-
play nor the Directional display caused more workload than the other since they 
all resulted in the same performance.  
 
Performing the 1-back task can be experienced as difficult the first couple of times 
since it require memorizing two numbers (the current and the previous one) at the 
same time as preforming the primary task. After trying it a couple of times it can 
therefore be easier to perform. Mehler et al (2013) recommends the participants to 
practice the procedure before commencing the test, which the participants in this 
study did; however, the effect of not performing as good in the first run as the 
second and third could still remain. But, the order of the conditions was counter-
balanced, meaning that the first driven condition varied across all participants, and 
should therefore make up for this effect. The result from the 1-back task would 
imply that the level of workload provided by the secondary task was equally de-
manding for all three conditions, but it could result in other effects.  
 
In terms of workload, reserve cognitive capacity and overload can be discussed 
regarding these results (Wickens et al., 2013). Overload occurs when the demand 
exceeds the cognitive supply, meaning that it takes more resources to carry out a 
task then can be spared, resulting in either performance decrement or change of 
strategy to perform the task. The opposite would be when the demand is lower 
than the supply, giving a reserved capacity resulting in no decrement of either the 
primary or secondary task (ibid). Due to the equally estimated level of workload 
and same result of the secondary 1-back task, it could be reasoned that all Condi-
tions (Baseline, Informative, Directional) left a reverse capacity for the drivers, 
which means that the primary task of driving and the secondary tasks within the 
test never forced the drivers to exceed the demand over cognitive supply. Howev-
er, if the drivers choose to prioritize the secondary tasks over the primary, focus-
ing more on performing well on detecting hazards and performing the secondary 
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task, an overload situation could be reasoned to occur if the driving performance 
is impaired. 
 
The 1-back task was useful as a secondary task method since it didn’t disturb the 
visual demand of the primary task nor did it affect the opinion of the design 
which a Periphery Detection Task (PDT) was assumed to do (the secondary task 
where responses to visual changes in the periphery were measured). It did howev-
er take some time for the participants to learn the procedure of the 1-back task 
both from the scheduled test time and while driving. The ideal case would have 
been to let the participants drive a route without collecting any data before the 
actual test, just to become accustomed to the task. The 1-back task was easy to 
implement in the simulator and if it will be used in future evaluations I would rec-
ommend to write the responses directly in an excel document or similar in order 
to save time digitalizing the recalls.  

Driving performance  

In terms of driving performance the Mean speed and Standard Deviation of Lane 
Position (SDLP) were calculated from the simulator log to investigate if the Holis-
tic system affected the driving performance. 

Speed  

The Mean speed, which is the average speed held during a predefined distance and 
the average over a whole run for each Condition (Baseline, Informative, Direc-
tional), were calculated. The statistical tests showed that the average speed over a 
whole run remained the same independent of driving with or without a warning 
signal concept. When comparing the mean speed between the high and low work-
load trials (trial 4 and trial 2) a significant difference was found; the high workload 
trial (Trial 4) resulted in lower speed than the low workload trial (Trial 2). This by 
itself could indicate an effect of the increased workload but considering the previ-
ous reasoning of the difference of events within the Trials it would be most prob-
able that the lower speed in the high workload Trial is due to the events. As rea-
soned in the section of different Reaction times between the trials, Trial 4 (high 
workload) included the braking car, which forced the driver to slow down i.e. low-
er mean speed. None of the events in Trial 2 forced the driver to behave in the 
same way, which results in the mean speed within Trial 4 to be lower than in Trial 
2.  
 

The plot of the momentum speed indicated that the driver slowed down before a 
hazard when driving with the Informative and Directional display. However, this 
behavior did not show for all participants. While some drivers explained why they 
slowed down before the moose and bus stop because “that was how they usually 
behaved on the road” others didn’t even use the indicators when changing lane 
since “no one would come to harm anyway”. The error bars in the total mean 
speed plot (Figure 23) shows that there is a bigger variance for the two concepts 
compared to Baseline, supporting this behavior. The driving performance didn’t 
change between the Conditions; the mean speed remained the same independent 
of driving with or without a Holistic system. However the Informative and Direc-
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tional display did change the driving behavior for some of the drivers, making 
them slow down before an event. A behavior which is most preferred from a safe-
ty aspect (Finch et al 1994).    

Standard Deviation of Lane Position 

The SDLP measures the lane position within the lane and how much the lateral 
position differed from the mean. All conditions resulted in the same SDLP which 
could be interpreted that there wasn’t a negative effect of the warning signal con-
cepts of the position in the lane (Johansson et al, 2004). The warning signals eval-
uated in this test did not aim to affect the lane position and therefore it could be 
expected that neither the Informative nor Directional display would impair driving 
performance in terms of the lateral control.  
 
However, there was a difference when comparing the SDLP in the low and high 
workload trial; the SDLP was higher in the low workload trial compared to in the 
high workload Trial. This speaks against the theory of higher workload increasing 
the risk of distraction affecting the lateral position (Johansson et al, 2004), but 
then again should the events be considered. Three of four events in Trial 2 forced 
the driver to change lane whereas none of the events required a lane change in 
Trial 4. This is something, which should have been considered when the order of 
the events was set and definitely something for similar evaluations in the future to 
take into account.  
 
Since the calculations of the Mean Speed and SDLP were conducted from values 
given by the simulator log, it would be assumed that the values are correct, if the 
logging functioned and the calculations were conducted correctly, providing an 
acceptable reliability. However, more Driving performance measures are available 
than included in this study, which could have increased the validity of the Driving 
performance metrics. Braking pedal movement was planned to be measured but 
had to be excluded, as the logging of it didn’t function. Furthermore, it would 
have been valuable to get an average of the momentum speed, which only was 
presented for one participant in this study. A plot of the average speed for smaller 
distances could have indicated if the behavior of slowing down before an event 
were adapted by most of the drivers or not.  

Subjective opinion   

The subjective opinion of how the warning signal concepts were perceived was 
measured with the Acceptance provided by the Acceptance of Advanced Trans-
portation Telematics (AATT) and ratings and comments provided by the compar-
ative questionnaire. The results discussed below only cover the Informative and 
Directional display as the questionnaires are directed to evaluate the concepts, and 
not normal driving.  
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Acceptance  

The Acceptance consisted of a combined Usefulness and Satisfaction score de-
rived from the AATT questionnaire, including nine items which the driver rated 
on a scale from -2 to 2. Five of the items related to the Usefulness score (Useful, 
Effective, Assisting, Raising alertness) and the other four to the Satisfaction 
(Pleasant, Good, Likable, Desirable). One rating was competed for each concept, 
which provided one Acceptance score for the Informative display and another for 
the Directional display.  

The statistical tests to investigate if there were any differences between the con-
cepts didn’t show any significant differences between the Informative and Direc-
tional display, as they were considered equal in terms of Acceptance.  However, 
when comparing the score of each separate item in the AATT questionnaire some 
significant results for differences were found; both warning signal concepts were 
considered more to raise alertness, Assisting and Good and not Desirable or Lika-
ble i.e. higher score in the Useful items than the Satisfaction items. The usefulness 
and practical aspects of the concepts would therefore be considered fairly ac-
ceptable whereas the satisfaction and pleasantness could be improved (Van der 
Laan et al., 1997). However, the actual hazards used in this study were never a 
result from a need of the driver, which can have affected the Acceptance of the 
system. As Van der Laan et al. (1997) claims, equipment should be appealing and 
accepted by the driver especially in order to achieve systems which aren’t just 
switched off. 

Some drivers made comments about the warnings for the center hazards to be 
redundant since they argued they were fully capable of detecting the objects by 
themselves. As Van der Laan (1997, p.7) claims, the satisfaction of a system “de-
pends upon the degree of which a person is forced to act in a specific way”. This 
is in some sense what this system did, the warnings were shown very early and 
some of them even for objects which drivers normally detect by themselves. But 
because of the low Acceptance scores the thought of a Holistic warning approach 
shouldn’t be excluded for future developments. The warning signal concepts eval-
uated in this study were tested on a task and under circumstances drivers today 
can handle by themselves. If however in a future scenario when the conditions for 
drivers have changed to e.g. monitor several systems and the driving might be au-
tonomous the effects of a holistic approach could be more salient. It could be ar-
gued that the system can support the driver in higher workload conditions and for 
other tasks than what was included in the simulator in this study. 

The AATT was an easy to use questionnaire and efficient since it provided three 
aspects in terms of Acceptance; Usefulness and Satisfaction separately as well as 
combined in an Acceptance score. However, the items to rate were translated 
from Dutch to English to Swedish, since it originates from the Netherland. This 
implies that the meaning of the actual words could have been changed in the pro-
cess affecting the final score. But the version used in this study, was the same used 
at the Vehicle Ergonomics group when evaluating Acceptance making it more 
reliable. Both warning signal concepts were also rated in terms of the same items 
so the comparison between them remained the same.  
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Comparative questionnaire   

The comparative questionnaire was a set of questions which compared the two 
warning signal concepts and enabled for the drivers to answer questions about the 
design of the system and give general comments of the test, simulator and similar.  
 
When asked which concept the drivers preferred, the answers were equally dis-
tributed between the two concepts; seven drivers liked the Informative display 
better while the other seven favored the Directional display. The ones who liked 
the Informative display reasoned that it gave an indication of how dangerous the 
hazard was and it was easier to search for an object when a clue of what to expect 
was given. The Directional display on the other hand was liked because of its sim-
plicity and that one didn’t have to know more than where to look. These com-
ments show that there is no correct answer to the question of which one of the 
two is most preferred. The two warning signal concepts were designed with dif-
ferent approaches and were either liked or disliked because of these. Some pre-
ferred to have different signals while others didn’t, and it could result from having 
difficulties to remember which warnings stand for which type. Further could also 
the choice of color or way to direct the attention in the periphery have been the 
reason to favor one or the other. Something worth investigating further before 
additional assumptions is made.  
 
One question in the comparative questionnaire concerned if any of the concepts 
made it easier to detect hazards compared to when driving without a support, and 
the overall impression was that the concepts helped. However, one of the partici-
pants couldn’t see the need of the system since he was perfectly capable of detect-
ing the hazard by himself. The most common answer to the question of hazards 
they felt no need to have a warning for was the overtaking car. This is understand-
able since overtaking cars occurs regularly when driving a truck on a highway. It 
isn’t until the own vehicle is planning to change lane a car in the other lane be-
comes a hazard and that would be a case of a more discrete blind spot detection 
indication. To the question of what other hazards that should be included in the 
system cyclist on the right side of the vehicle was mentioned, a response which is 
rather interesting since the idea in the beginning of the thesis was to focus more 
on an interface for the Vulnerable Road User Detection System (VRUD). 
 
The brightness of the lights was considered too bright, which wouldn’t be surpris-
ing as the orientation of the LED-strip changed just the day before the tests were 
about to start. Instead of the LED-strip laying flat on the surface of the instru-
ment panel it was changed being cordwise to the surface instead. This made the 
light come directly to the participant instead of emitting light upwards, making the 
light brighter than required. The orientation was changed to allow additional 
“doors” to be implemented in the simulator cockpit to ensure the LED-strip 
stayed in the right position for all participants. To redo the opacity for all the im-
ages in the LED-prototype would have been too risky, since a wrong filename or 
output signal would affect the whole test and was something which had been ad-
justed during hours of work the previous weeks. 
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Examples of improvement of the informative display concerned e.g. another color 
mapping than the existing one. Some suggested that the colors should represent 
how dangerous the object was while others recommended that the color should 
change from yellow to orange to red as the risk increased. These improvements 
relate to the idea of having the amount of risk displayed as well, which was part of 
the original concept but was excluded due to the limited amount of images possi-
ble in the LED-prototype. Further was also the idea of having the light travel as 
the hazard location changes suggested and that the brightness could be changed 
via the brightness in the instrument cluster or a daylight and night mode.  
 

The fact that the questions were asked verbally could have affected the overall 
comments to be more positive than if the participants were asked to write the an-
swers. It can be more difficult to give negative comments to someone rather than 
writing it in a questionnaire. On the other hand were many of the participants 
used to take part in evaluations and they were aware that it was their opinion that 
was important, independently of it being positive or not. The verbal questions did 
also open up for a discussion and more input could be given since the driver 
asked questions in response and examples could be clarified if it was necessary.    

4.5.2 Summary of the discussion  

To recapitulate, the issue to be answered in the Evaluation-study was “How are 
drivers affected by and how do they perceive a holistic interface design in a driv-
ing task in terms of mental workload and detecting hazards?” With respect to the 
above discussed results, the main findings according to the research issue are dis-
cussed below. 

Overall when driving in a simulated environment the warning signal concepts 
showed no change of perceived workload or changed driving performance (mean 
speed, position in the lane) compared to normal driving. The informative display 
did however support the drivers to detect more hazards over the whole scenario 
and resulted in faster Reaction time to hazards compared to Baseline. Neither of 
the concepts (Informative, Directional) added to the understanding of the situa-
tion but the faster reaction time for the Informative display indicates that the 
comprehension of the situation was provided earlier compared to Baseline. Some 
drivers changed their driving behavior when driving with the warning signal con-
cepts (Informative, Directional) by slowing down at the presentation of a hazard 
i.e. adapting a safer driving behavior. The Informative display also improved the 
Detection rate (more hits and less misses) compared to Baseline in terms of de-
tecting the second hazard included in the Multi event situations s i.e. supporting 
the driver to detect a second hazard when another one already was present.  
 
The Acceptance of both concepts was considered more useful than satisfying 
which could result from the drivers didn’t feel a need for this kind of system re-
garding the situation in vehicles today. And if the concepts would be of wider use 
under higher workload conditions is left for future evaluation to investigate since 
the workload manipulation in this study did not provide the comparison as 
planned, as the differences of the events within the trials made the comparisons 
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misleading. With respect to the current situation the system can be perceived more 
intrusive since it forces information to the driver which he/she might not have 
had the chance to detect yet but would have been perfectly capable to do if given 
more time. The holistic approach might therefore be more convenient for future 
drivers where the conditions are expected to be more supervisory and automatic 
O’Dell (2013). 
 
The difference between the two warning signal concepts, the Informative and Di-
rectional display, was that the Informative resulted in faster reaction times, more 
detection hits and supported the detection of a second hazard when another one 
already was present compared to Baseline. I.e. the Informative concept could be 
considered more efficient. Both concepts were rated equally on the Acceptance 
scale and half of the participant’s favored the directional approach over the in-
formative, suggesting that the most efficient solution isn’t always the most pre-
ferred. The different opinions about the concepts could simply be a result of driv-
ers preferring different designs.  
 
In terms of applications to be included in future developments the Informative 
display would be limited in design solutions as there is a limit to how many varia-
tions of design that can be created. The directional display on the other hand 
could be used over a variety of technologies. If the informative display would fo-
cus on conveying the risk level more than what kind of object that should be de-
tected, as suggested from some of the drivers, the solution would have better 
chance to work over a lager range of systems. There could also be a concept, 
which is somewhere in between the two evaluated in this study. The Inside Vehi-
cle (IV) warnings were the ones most difficult to detect independent of condition, 
suggesting that a solution that only differs between hazards inside and outside of 
the vehicle could be enough.    

Summary of discussion of methods 

To summarize the reliability and validity of the measures within the Evaluation-
study, it should firstly be mentioned that evaluating the concepts in a simulated 
environment provides both possibilities as well as limitations. The simulator can 
log almost anything to be further analyzed and the preconditions for each partici-
pant can be the same. The driving behavior could on the other hand differ from 
what is achieved in a real traffic situation since no one can come to harm in a sim-
ulator and the programmed environment can make it feel more like a “video 
game”. The circumstances were however the same for all three conditions in this 
study making it possible to compare their differences. In order to know how the 
system would be perceived in a real traffic situation an evaluation while driving a 
real truck would be required.   
 

When measuring the Detection rate and Reaction time, the response via the steer-
ing wheel button was considered more reliable than giving a natural or verbal re-
sponse regarding the circumstances of the test. And in terms of the workload ma-
nipulation, the difference of events within in the trials should have been improved 
in order to investigate the effect of increased workload, and it would also be re- 
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commended to let the participants rate the low and high workload trial separately 
to avoid an equalization of the subjectively perceived level of workload. 
 
Further, the learning effect of the 1-back task was discussed in terms of the per-
formance of it, which should have been equalized with the counterbalanced order 
of conditions for the participants. An additional driving Performance metric 
should have been the average momentum speed, to conclude if the behavior of 
slowing down before a hazard with the warning signal concepts was common for 
all drivers. And finally, in terms of the reliability and validity of the Subjective 
opinion metric’s the translation of the AATT questionnaire and effect of having 
the questions asked verbally was mentioned.  

4.5.3 Conclusion  

The evaluation of the concepts shows that there are individual differences be-
tween which of the two warning signal concepts developed for the holistic system 
the drivers preferred. The informative display resulted in more detected hazards, 
marginally faster reaction times and supported the driver to detect the second haz-
ard in a situation with two hazards present simultaneously compared to Baseline, 
so it could be concluded that the informative display is the more efficient of the 
two. However, the acceptance of the concepts is something to improve as the 
function of the system included warnings drivers didn’t find necessary today. Fur-
ther evaluations of potential benefits of a holistic interface design approach in 
high workload conditions would be recommended. In terms of driving perfor-
mance no differences were identified between driving with or without a Holistic 
system, however some drivers applied a safer driving behavior by slowing down 
before a hazard while driving with both the Informative and Directional display. 
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5 Final thesis discussion 

The aim of this study was to identify an appropriate activity to support the cogni-
tive processes for truck drivers, develop an interface for this activity and evaluate 
it in a driving situation. The aim was broken down into the three issues: 1) What 
kind of driving related activity does distribution- and long haulage truck drivers 
and Scania see a need to develop a driver support and related interface for? 2) 
How can an interface for a Holistic warning system be designed with respect to 
truck drivers’ cognitive workload? 3) How are drivers affected by and how do they 
perceive a holistic interface design in driving tasks in terms of mental workload 
and detecting hazards?  The issues were divided into three sub-studies: Pre-study, 
Design-study and Evaluation-study.  
 
This chapter discusses the results with respect to the overall aim of the thesis and 
issues by firstly cover how the sub-studies are linked together (chapter 5.1.1) fol-
lowed by a discussion of the main findings (chapter 5.1.2). Finally this section is 
summarized with a discussion of the methods in terms of the overall process from 
identifying the activity to evaluate the two warning signal concepts (chapter 5.2).  

5.1 Discussion of results  

The discussion of results are first covered by an overall discussion how the sub-
studied relate to each other, whereupon the main findings in terms of the research 
issues are discussed.  

5.1.1 Overall discussion of the sub-studies  

In the first sub study, the pre-study, an activity to support truck driver’s mental 
ability was identified. The process came to be full of remakes due to the required 
resources from Scania. It was not possible to carry out the first chosen activity as 
resources within the simulator weren’t available at the time. A lot of time and ef-
fort was spent on data which wasn’t used to its fullest. However, it did provide an 
understanding of the users and the relationship, drivers, Scania and transportation 
devices interact within.  

The activity that was first chosen involved developing and evaluating an interface 
for a system to detect Vulnerable Road Users (VRU), and the engineer working 
with the Vulnerable Road User Detection system (VRUD) pointed out the im-
portance of the interface not being considered distracting, which is probable when 
adding a new system to the already implemented ones. When remakes had to be 
done, regarding the choice of what kind of interface to develop for this thesis, this 
idea of not causing distraction influenced other ideas. The final activity chosen to 
design and evaluate warning signal concepts for came from the Vehicle Ergonom-
ics group (RCDE).  

The Holistic approach enables for more systems to be joined within the same in-
terface. The cognitive team of the ergonomics group at Scania had considered a 
similar idea before, to combine different systems and direct drivers attention to 
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where it is needed. Hence, the required remakes, influences from considering 
VRUD and ideas from Scania resulted in the activity chosen to continue with. 
Namely designing concepts for a Holistic interface which directed the drivers’ at-
tention to where it was needed, by lighting LED’s in the direction hazard was de-
tected.  

In the second sub-study, the Design-study, warning signal concepts were devel-
oped by using the specially built prototype and the simulator in an iterative design 
process. Theory from literature based the approach for two concepts being de-
signed and evaluated. The appearance of different visual alerts was improved until 
the final two concepts, the Informative and the Directional display, were devel-
oped. The Informative display conveyed information of a hazard location and 
type whereas the Directional display only conveyed information of the hazard lo-
cation. The limitation and affordances of the LED-prototype affected the alerts’ 
appearance while the simulator affected the function of the system.  

To have the function of the system be dependent of technical limitations in the 
simulator speaks against the previously decided requirements set in the pre-study, 
and partly the first research issue, to support an activity that drivers finds a need 
for. The developed Holistic system with the two concepts, would inform about 
potential hazards and the kinds of hazards were a result from the already existed 
situations in the simulator and new ones, which were possible to create within a 
reasonable amount of time. I.e. what kind of hazards drivers’ finds necessary nev-
er was asked. It could however be reasoned that by introducing this new system to 
drivers at this early state, their needs and opinions can be taken into consideration 
earlier in a future development.  

By listening to the drivers’ comments in the third sub-study, their suggestions can 
be used in a refined design, hopefully resulting in a product closer to the drivers 
needs than the first one. This kind of user-centered approach would not only be 
of benefit for the drivers but also Scania. To emphasize the importance of a sys-
tem to not only function technically but also fulfill a satisfactory need van der 
Laan et al (1997, p.1) argue that “It is unproductive to invest effort in designing 
and building an intelligent co-driver if the system is never switched on”. That is, 
the investment spent on a user centered development by Scania, would likely re-
sult in many gains and increase the profit for the company.  

In the third sub-study, the Evaluation-study the two concepts were evaluated in a 
simulated driving task. The outline of the test was created to measure how drivers 
were affected by the concepts in terms of workload and detecting hazards. Each 
participant drove all three conditions, Baseline, The informative display and the 
Directional display in order to compare the results between driving with and 
without a concept. The workload was increased in the last fourth part of each 
condition and at the end of the test the driver compared both warning signal con-
cepts in a comparative questionnaire. Since both the constraints of the LED- pro-
totype and simulator had been considered in the design process, little adjustments 
were required. The main part of the sub-study consisted of designing the test to 
cover the aim and perform it with drivers.  
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5.1.2 Discussion of main findings 

The activity chosen to develop and evaluate an interface for, as stated in research 
issue 1, was not a result of what driver explicitly told they had a need for, but re-
sulted in an activity and solution Scania’s Vehicle Ergonomics group found neces-
sary to evaluate. A Holistic system, directing the drivers’ attention to where it is 
needed was investigated further. When developing the warning signal concepts 
and function of the system, the used devices (LED-prototype and Simulator) con-
strains was taken in consideration to enable for an efficient design process rather 
than focusing on what drivers would find necessary, yet again an aspect against the 
first research issue. However, with the function of the system decided, to inform 
drivers about potential hazards, the design attributes and appearance of the warn-
ing signal concepts were designed to support both attention and perception ac-
cording to the second research issue. How the drivers were affected by and per-
ceived the holistic interface, according to the third research question was evaluat-
ed in terms of Event detection, Workload, Driving performance and Subjective 
opinion.  

The final design of the Informative and Directional displays proved to direct the 
drivers’ attention to hazards and support the cognitive processes as stated in re-
search issue 2 and 3. The informative display resulted in a higher Hit rate and 
marginally faster reaction times compared to Baseline i.e. made the driver detect 
more Hazards and respond to them faster than driving without a system. In a situ-
ation with more than one hazard present (Multi-event) the Informative display 
also proved to make it easier for the driver to detect the second hazard. The effec-
tiveness of the system were therefore supported by the measurement within the 
Event detection results but needs further evaluations concerning the workload  

The workload manipulation in the evaluation, with the secondary 1-back task, did 
not provide the results as expected. The idea was to compare the results between 
Trial 2 and Trial 4, a trial with no extra workload and the trial with the secondary 
task. However, due to the differences of Events within the two trials the compari-
sons were needless. E.g. three of four events in Trial 2 required the driver to 
change lane while none required the same within Trial 4, resulting in a bigger lane 
position variance and Standard Deviation of Lane Position value.  

In terms of driving performance the mean speed and lane position were measured. 
The average mean speed and standard deviation of lane position over a whole run 
showed no differences between driving without a system (Baseline) or the In-
formative and Directional display, which in some sense could indicate a positive 
result. Due to that the Holistic systems evaluated in this study is new it could have 
resulted in the driver being distracted rather than supported by the flashing lights, 
something which could affect the driving behavior. However, the driving perfor-
mance wasn’t impaired, suggesting that the systems didn’t cause distraction. The 
variance of speed however was bigger when driving with the directional and in-
formative display compared to Baseline and when looking at the momentum 
speed for one driver it indicated that he slowed down before a hazard when driv-
ing with any of the two concepts but not during Baseline. However, not all drivers 
showed this behavior, but it could be stated that the concepts showed a tendency 
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for a safer driving behavior in terms of speed. All these findings are however giv-
en under the conditions of a simulated traffic environment with little additional 
traffic. For further evaluations it would be interesting to evaluate one concept in a 
real driving task to investigate if the effects of a visual LED warning signal can be 
as efficient in daylight as in the dark simulator room. 

The satisfaction score relates to the pleasantness of the system (Van der Laan et 
al., 1997), and as detecting hazards is a natural part of drivers’ primary task today, 
it would be suggested that the developed system was considered intrusive since 
the satisfaction score of the AATT were close to cero for both the Informative 
and Directional display. The drivers were fully capable of detecting some hazards 
by themselves and therefor found the system undesirable. One approach to make 
the system more accepted would be to make sure warnings for hazards, which 
already have been detected aren’t triggered. This could be accomplished with 
technical systems to track the driver’s eye movements to conclude which hazards 
probably have been detected or not. The system could also interact with the cur-
rent mode the truck is in. That is, the truck recognizes what kind of circumstances 
are present and filters the systems that could be of use, e.g. if driving in a urban 
environment at a relatively high speed it would be supportive to know if a VRU is 
located on the left side while the same information would be blocked when driv-
ing on a highway or in a traffic jam. All to make sure only useful information is 
conveyed to the driver. 

The idea of the Holistic approach and LED solution enables for other systems 
and technologies to be implemented within the same interface, systems considered 
more necessary from drivers. The LED signal could for instance be used to in-
form about a dangerous position within the lane (function as a Lane Keeping As-
sistance; LKA), Blind spot detection when an object is places in the Blind spot or 
direct attention to Vulnerable Road Users (VRU) as the first chosen activity in the 
thesis concerned. If warnings and alerts were developed for this, it would be inter-
esting to investigate how the concepts are experienced compared to a situation 
where specially made solutions are used, i.e. a scenario with ticking sound of a lane 
keeping assistance, a blinking warning triangle from a blind spot detection system 
etc. The holistic idea has potential to be used for other purposes than the one in-
vestigated in this study, rationalizing it to be investigated, developed and evaluated 
further.  

In the review of existing technologies a solution by Continental was presented 
(Foley, 2013), which is similar to the LED solution in this thesis. Continental is an 
international car supplier and in their driver-focused concept car a LED co-pilot 
was implemented. It consists of a LED ramp going along the whole vehicle to 
direct the drivers’ attention to a specific situation. When considering this system it 
becomes clear that the principle evaluated in this study is not completely new on 
the market even though the product isn’t implemented in a selling vehicle at the 
moment. The fact that a similar idea was presented and developed by an interna-
tional car supplier implies the importance of the concept of a Holistic approach. 
Distracted drivers are a problem and an approach towards a more holistic inter-
face for driver assistance systems is part of the future, or at least something worth 
investigating in.  
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5.2 Discussion of methods 

Since each individual method has been covered in the previous discussion this 
section will focus on the overall process from defining the problem, to finally 
evaluating the interface.  

When considering the choice of activity to support the truck drivers’ cognitive 
processes it would have been useful to take into account that the VRUD would be 
extremely difficult to implement in the simulator earlier in the process. Especially 
since it resulted in changing the approach of the study and taking into account the 
resources that were available at this time. No decisions can however be undone 
and the outcome became something useful even though a lot of time was a spent 
on making changes and make sure things fitted within the project. The whole pro-
cess from finding an activity to designing and evaluating an interface to support it 
was full of variations, both in terms of approaches and different kinds of collected 
data.  

The Pre-study was more of a qualitative kind whereas the Evaluation-study cov-
ered more objective data. This made the thesis more intensive and deep in the 
start, having an interest of understanding the relationship between the drivers, 
Scania and the process of developing new systems, to reassure a the need of the 
chosen activity. The Evaluation-study on the other hand, was more extensive and 
broad to generalize the outcomes. This method triangulation ensured a need from 
the users and Scania before the solution was developed and evaluated, where the 
final effects of the Holistic system and warning signal concepts were uncovered 
(Jacobsen et al, 2002).
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6 Conclusions and recommendations of further  
 studies 

Of the two developed concepts (Informative and Directional) the Informative 
display indicated to be the most effective in terms of detecting hazards. The In-
formative display resulted in more Hits compared to Baseline and made it easier to 
detect a second hazard when another already was present. Neither of the concepts 
resulted in impaired driving performance in terms of speed and position within 
the lane; however did both the directional and informative display make some 
drivers slow down before a hazard, indicating on a safer driving behavior. The 
same amount of drivers favored the Informative display as preferred the Direc-
tional one, indicating the appearance of the different design being more of a per-
sonal opinion.   

The Holistic system approach as an activity to support drivers’ mental and cogni-
tive processes was not mentioned by the drivers in the Pre-study as a desirable 
activity to support. The idea was provided by the Scania’s Vehicle Ergonomics 
group as a combination of other systems, and as the international car supplier 
Continental have presented a similar solution in their concept car shows indica-
tions of the need of a more Holistic interface design in the future of driver sup-
port systems.  

6.1 Recommendations of further studies  

There are many improvements and recommendations of continued work, which 
could be influenced by or based on this study. The focus can either be more on 
the opportunities of a Holistic approach to join more systems within the same 
interface or investigate the interface design of the Vulnerable Road User Detec-
tion system (VRUD), the activity which was chosen first in the Pre-study. 
 
Work to improve a holistic approach could involve investigating which kinds of 
systems that work better together and which do not, as well as how their joint in-
terfaces should be designed. Including auditory warnings in the systems could be 
an idea which requires design and evaluation of which functions are more suitable 
in the auditory modality i.e. which kind of functions that should be provided with 
a sound warning rather than a visual alert. If these should be used in combination 
with the visual signals or stand-alone would also be an important aspect to consid-
er.  
 
One suggestion above was to include mode recognition in the holistic system, i.e. 
a system working as a filter to only convey information useful for the driver. This 
would have to be investigated in terms of what information is considered useful 
and not in varying situations. Trust was excluded from this study which could be 
relevant to evaluate if a refined design of a holistic system is evaluated which ena-
bles for a longer exposure time of the system. It would also be interesting to look 
at the effects if the warning signal “travels with the hazard” as the distance be-
tween the vehicle and the object changes. 
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Another risk level approach was suggested where the color of the warning 
changed depending on the estimated level of risk a hazard constitutes, this could 
be further evaluated and even compared to the results from this study. Finally it 
has been suggested and indications from this study have shown that the holistic 
approach can be of greater use under high workload conditions, which most cer-
tainly should be investigated further as well as how the product would function 
during a real traffic situation.  
 
To look more into an interface for VRUD with the LED warning solutions could 
involve how the actual design would look like, when warnings should be given and 
the reliability the system would provide a driver. 
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Appendix 1 Detailed methods and execution for the 

Pre-study  

This appendix describes the Pre-study’s’ methods and execution more in detail. 
The outline follows the same structure as in the report covering the aspects Un-
derstanding the user, Finding and choosing an activity and Defining the final 
problem.  

1.1 Understanding the user  

To understand the users, truck drivers, two observation studies were carried out to 
see and get familiar with the environment and daily chores that the driver experi-
ence at work. An observation was chosen as it is an opportunity to see the users 
act in the context he/she usually find themselves instead of only relying on what 
they can recall from a situation (Bohgard, 2008). In order to be able to study dif-
ferent kind of drivers Scania’s trucking company Transportlaboratoriet was con-
tacted to meet two types of drivers; long haulage and distribution drivers. The 
main task for the drivers differs in many aspects making the execution of the indi-
vidual observations studies slightly different, but the goal for both stayed the 
same: to see the users work in their natural environment. Two long haulage divers 
and one distribution diver participated in the observation study.        

1.1.1 Observation of long haulage drivers 

The long haulage drivers at Transportlaboratoriet drive straight down to Zwolle 
(the Netherlands) and back to Södertälje during four days. Each day consists of 
about 9 hours of driving and it is mandatory to take a 45 minutes break after 4 
hours. It is common that all drivers stay at the same places for their breaks making 
it possible for the ones going south to meet up with those going north. The ob-
servation of the first driver started in Södertälje and lasted down to Klevshult 
south of Jönköping, approximately 4 hours of driving, where the second driver 
was met and joined for the drive back north to Södertälje. The drivers went by the 
road E4 and the total amount of time spent in a truck was 9 hours divided be-
tween two drivers. Throughout the observation notes were taken about when the 
drivers used any controls or changed some kind of behavior. If it seemed appro-
priate questions were asked in order to understand the work they perform better.          

1.1.2 Observation of distribution drivers  

The distribution drivers at Transportlaboratoriet have different chores. Some have 
fixed working hours and other go by shifts. For this observation study a locally 
located driver was followed for 2 hours, picking up orders and delivering them at 
the right locations within Scania.  Notes were taken in order to summarize what 
kind of traffic situations the driver was exposed to and how much time was spent 
on the road compared to waiting for goods.    
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1.2 Find and choose activity  

To find and choose an activity for interface development, a workshop with 
HMI/Ergonomics experts and interviews with drivers was performed to generate 
suggestions of activities. The similar activities between the two groups were com-
piled to make a list, which was assessed and refined until only one activity re-
mained.  

1.2.1 Workshop with HMI/ergonomics experts  

A workshop was held with 10 experts in ergonomics and HMI development of in- 
vehicle systems in order to get their input on activities for which they believe driv-
ers need support, either in the current traffic situation or in possible future scenar-
ios. A one hour post-up session was held where each individual got to generate 
ideas with inspiration from four themes: Safety, Efficiency, Pleasure and the Future, to 
cover a broad area of activities truck driver’s perform. Each idea was written on 
separate post-it notes during the generating phase and all ideas were presented to 
the group afterwards in order for the participants to come up with more ideas. 
Straker (2013) describes the methods as effective and usable to generate ideas in 
bigger groups and since each individual thinks about the problem by him-/herself 
the time of the session is used most efficiently. Everyone gets involved in the 
problem and it also opens up for group discussions (Straker, 2013).   
 
The participants were informed about the aim of the hour and what was expected 
of them before the generation of ideas started. Each participant was provided with 
a block of post-its and pencil to write down ideas as they came to mind and there 
was no obligation to stick within the current theme, which were presented every 
fourth minute. For each theme, a slide was shown on a projector and a short story 
was given in order to start the creative process and guide the participants to think 
in terms of driver activities and possible problems without forcing them in a spe-
cific direction. Within the main themes: Safety, Efficiency, Pleasure and the Future were 
the sub-categories: internal and external safety, time and cost efficient, pleasure relating to 
social contact or entertainment and future scenarios with fast and denser traffic or a green 
future with minimal use of fuel, presented in order to make the themes easier to 
relate to.  
 
The main focus was to generate activities within each theme, but for the future also 
other future scenarios were welcome, to get inspiration of how these experts pre-
dict the future of driving trucks. After the individual generation of ideas each 
post-it was presented to all participants in order to start a discussion and generate 
more ideas. The goal of the workshop was to collect a variety of activities and not 
limit the participants in terms of the reliability of their idea, all suggestions were 
welcome; therefore the informants were asked to focus on activities and problems 
a truck driver currently is or could in a future scenario be exposed to, and try not 
to come up with solutions. See Appendix 2 for the material used in the workshop 
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1.2.2 Interviews with drivers  

Four interviews with drivers were carried out in order to get their input of possi-
ble activities they have a need for support, either in the current traffic situation or 
a possible future scenario. The interviews were semi-structural (Bohgard, 2008) to 
collect a width of data but still keep within the scope. Questions were prepared in 
advance but as the interview proceeded, additional questions were allowed in or-
der to clarify or go deeper into specific areas. The four participants were profes-
sional truck driver working for the trucking company Transportlaboratoriet con-
nected to Scania. Two drove long haulage (Södertälje-Zwolle, Zwolle- Södertälje) 
and the other two distributions i.e. locally within the area. Each interview lasted 
for 45 minutes and the outline was the same for all participants. The order of the 
questions were set to make the participant feel more secure as the interview pro-
ceeded with the aim of making them think and speak more freely towards the end.  
 
The interview started with questions about a typical workday, what kind of tasks 
they complete and if there was something they regularly were annoyed about in 
order to make the driver think in the path of activities he or she performs. Next, 
the aim of the project was described and the definition of driver support men-
tioned to ask if they could think about activities they complete in the truck today 
for which they would like support. As an example of an existing driver support a 
reverse camera was explained, where the driver gets input from the environment 
in order to perform the task of reversing more easily 
 
Thereafter, three future scenarios were explained for the driver: 1) a denser and 
high-speed traffic situation, 2) the green society with trucks charged while driving 
and 3) a semi-autonomous platoon situation. After each scenario the driver was 
asked to respond to potential activities he/she would like to have a support for i.e. 
what they would expect the truck to assist with. Throughout the interview the 
driver’s suggestions of activities and problems were noted on post-it notes with 
one individual color for each participant, to make the coming analysis easier. The 
outline of the interview was mainly set to prepare the participant of the future 
scenarios but also to capture if they believed some functions lack support in the 
trucks today as well as getting a wider understanding of the drivers’ everyday 
chores. See Appendix 3 for the material used at the interview.    

1.2.3 Comparative matrix  

To find activities the drivers as well as the HMI/Ergonomics experts had men-
tioned a grouping and comparison of activities was carried out. The suggestions 
from both groups were arranged in the four categories: Safety, Efficiency, Pleasure 
and the Future with corresponding subcategories. With all activities in the same 
order for the two groups the ideas were compared within each theme. Activities 
similar between both groups were compiled in a list to use for the continued 
work.  
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1.2.4 Decision matrix and additional input from engineers at 
Scania 

To pick only one activity from the list of ideas a structural evaluation was carried 
out (Ullman, 2002). To choose one activity, requirements were set up with respect 
to the overall aim of the study. It was decided that the activity that finally was to 
be chosen for development into an interface and then evaluated should meet the 
following five requirements: First it should be something that supports the driver 
according to their suggestions in this pre-study. Second, it should be useful for 
Scania do develop. Third, it should fit any existing technology and/or system that 
are being developed at Scania. Fourth, it should be possible to evaluate in Scania’s 
simulator that for the Fifth is likely to be useful also in the future, see Table 1. The 
order of the requirements was not ranked but the final activity should in a best 
case fulfill all requirements.  

 
Table 1.  List of requirements for choosing the final activity 

 

 
 
The list of activates were evaluated in terms of the five requirement for the final 
activity, by going through the requirements one at a time. Each activity was graded 
on a scale from Strongly Agree (SA), Agree (A), Neutral (N), Disagree (D), Strongly Dis-
agree (SD) (Ullman, 2008). Activities given the grade D or lower were excluded 
from further evaluation. However, some requirements called for additional facts 
before a grade could be set, why three engineers working at Scania were contacted 
to assist. The engineers were chosen based on the activities still included in the 
evaluation, i.e. not given grade D or lower. 
 
Two of the engineers, were meet and questioned about the system they were cur-
rently working on, in what stage the project was currently in, goals for the future 
and if they thought it fit for cooperation with this thesis. The third engineer met 
was the person in charge of the simulator, to make sure the selected activity could 
be implemented the simulator. The input covered the potential to evaluate specific 
driving scenarios, nothing was decided but possibilities and limitations were dis-
cussed.  
 
The entire assessment was performed by the author’s opinion based on the previ-
ous input from the drivers, HMI/Ergonomics experts and engineers. The final 
activity to continue working with, developing an interface for and evaluate was the 
one remaining, which had the highest scores from the grading.  
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1.3 Define problem  

To define the final problem a questionnaire was created and performed and alter-
native approaches for evaluating the coming interface was considered before the 
final activity was chosen.  

1.3.1 Questionnaire for bus and truck drivers  

With the chosen activity and related technology in mind a questionnaire was de-
signed to get drivers opinion of the situation (Bohgard, 2008). The reason to per-
form a questionnaire was due to its efficiency to cover many participants in a 
short amount of time. The questionnaire consisted of a scenario-, design- and 
general section apart from the introduction and demographics.  

Six specific driving scenarios were presented in words and illustrations whereas 
questions about their severity, occurrence frequency and when and where they 
would prefer to be informed about the risk was asked. Risk theory defines a risk as 
the probability of a situation occurring and the consequences followed by it 
(Bohgard, 2008) i.e. how frequent the situation is and how severe the outcome 
would be. So the participants were asked to rate these factors on separate scales 
from1= not at all common/severe to 5=very common/severe in order to display 
the overall level of risk for each scenario.  After this followed the design related 
section where the participant was asked to design their own warning system, fol-
lowed by a section where a potential solution was presented and they were asked 
what kind of design attributes he/she would link with a certain property from the 
environment. The last questions were more function related and open for partici-
pants to respond freely.  

The driving scenarios were chosen from a set identified and used in two previous 
thesis conducted for the same technology. Abatay & Olsson (2010) identified the 
situations and Person Håstlund (2012) used it for further input when designing an 
interface. The selection was made to include situations both truck and bus drivers 
would find common and it was considered convenient to use situations the tech-
nology already had been tested within.  

The estimated time to finish the questionnaire was 20 minutes and in total 26 
drivers participated with their main driving task varying between long haulage, 
distribution and bus, all driving for the trucking company Transportlaboratoriet.   
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1.3.2 Alternative approaches for the thesis and defining the final 
problem 

With the activity identified and some input given on how to design the interface, 
the coming evaluation was considered. To make sure that the design could be 
evaluated in a driving task in the simulator, different alternatives of simulator 
evaluations were discussed as well as their limitations. The alternatives were inves-
tigated further by contacting and meeting persons in charge of simulators to dis-
cuss alternative cooperation’s. When considering the approach of the thesis the 
input from the drivers as well as from Scania was taken into account. To bring the 
project forward, the final solution should be something which supports the driv-
ers, is feasible to evaluate in a simulator and the persons involved in the simulator 
should have the time and resources to develop a test.    
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Appendix 2 . Material used at the HMI/Ergonomics 

workshop 

Documents used at the workshop with ten HMI/Ergonomics experts 
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Appendix 3 . Material used at the Interviews 

Document used when interviewing two long haulage and two distribution truck 
drivers. 
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Appendix 4 . Detailed results and analysis for the Pre-

study 

This appendix describes the Pre-study’s’ results and analysis more in detail. The 
outline follows the same structure as in Appendix 1 covering the aspects Under-
standing the user, Finding and choosing an activity and Defining the final prob-
lem. Since the result and analysis are much dependent of each other the following 
section covers both areas.  

4.1 Understanding the user  

The result from the observations included the protocol and notes taken during the 
driving routes as well as comments made by the drivers.   

4.1.1 Observation of long haulage drivers  

During the first long haulage drive down to Klevshult it was made clear that not 
much happens during this part of the road. The notes taken, mostly concerned 
washing the window screen and answering the mobile, see Appendix 5 for the 
more detailed protocol. However, further input was given by randomly asked 
questions and it was made clear that the time restrictions of their breaks and when 
to take them was of high importance. If the drivers didn’t reach a predefined des-
tination before they had to take their break it would lead to consequences affect-
ing the rest of the day, or worse their whole four days route. My personal opinion 
of the route being rather uneventful was shared by both drivers with the addition-
al comment of the traffic situation in for instance Germany being the total oppo-
site to this section of the road.  

4.1.2 Observation of distribution drivers  

When going with the distribution driver, so much happened on the road that it 
wasn’t possible to write down everything that occurred or the exact time. Instead a 
summary was made between each delivery since a lot of the time consisted of 
waiting for leaving or picking up deliveries, see Appendix 5 for details. The expe-
rience was that more time was spent on waiting than driving and according to the 
driver it differs each day. Unlike the long haulage drivers much of the driving 
doesn’t take place on a high way but in a city like/urban traffic with zebra cross-
ings, traffic lights, pedestrians, circulation areas and so on. 

In terms of driving related activities the experience from the two different obser-
vations was that distribution drivers were exposed to more different kinds of ac-
tivities on a short time while the long haulage drivers experience was spread over a 
longer time scale.  
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4.2 Find and choose activity   

To choose an activity, a workshop with HMI/Ergonomics experts and interviews 
with drivers were carried out. The suggestions of activities were compared in or-
der to create a list of activities, which was further evaluated with respect to prede-
fined requirements and input from e.g. engineers.    

4.2.1 Workshop with HMI/Ergonomics experts  

The ideas given by the HMI/Ergonomics experts were mainly within the present-
ed themes: Safety, Efficiency, Pleasure and the Future, meaning that additional 
activities weren’t generated. The last theme didn’t only give input on activities but 
also what they believed the future would look like, which gave further input on 
the scenarios presented to the drivers. Examples of ideas given by the experts are 
presented in Table 2. 

 
Table 2. Examples of activities given at the workshop with HMI/Ergonomics ex-

perts. 

    

 

4.2.2 Interviews with drivers  

The overall impression from all four drivers was that safety was prioritized above 
everything else even though suggestions of activities also regarded annoying as-
pects from their daily chores. Activities like decreasing the distance in platoon 
driving, annoyances caused by other vehicles and not being able to see objects 
near and around the vehicle were some examples that were mentioned. See Table 
3 for examples of activities. 

1
What is behind the truck when reversing? (alt: 

what objects are aorund the truck)

2
How can the  work hours be used more 

efficently?

3
How can loneliness in the vehicel be 

prevented?

4
How can the route be planned to avoid being 

stuck in a traffic jam?

5
How can i avoid being distracted or loose 

consentration while driving?

INPUT FROM HMI/ERGONOMICS EXPERTS
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Table 3. Example of activities provided by the drivers 

 

4.2.3 Comparative matrix 

The input from the drivers and experts were sorted, grouped and compared in 
order to find the activities both parties had mentioned. 

Creating groups  

The grouping of the ideas resulted in the four main themes Security, Efficiency, 
Pleasure and the Future being individually sorted with corresponding sub-
categories. The ideas from the themes Safety were divided in to: Visibility; Distrac-
tion; Awareness in terms of need of warnings; Avoiding obstacles; Overall security 
of the truck; Efficiency divided in to Planning, Make use of time, Fuel consump-
tion and Other costs. The theme Pleasure added one other level of sub-categories 
with: Social contact; Entertainment with respect to media; and Entertainment in 
terms of experiences and feelings by further categorizing the activities between 
those who occur during driving and those which take place during breaks. And 
finally for the future theme the ideas were divided into what kind of scenario they 
would be placed within and then into the grouping of Safety, Efficiency and 
Pleasure again. In this way the already made sub categories from the previous 
themes was a help to decide which area the future idea should be placed within. 
For the complete grouping of the themes see Figure 1. 

1
How can objects around the vehicle be 

detected while driving 

2

Which distances to the leading car could be 

kept in order to be more fuel efficent and still 

drive safe? (both in plattoning and in general) 

3

How can the communication between other 

vehicles be carried out, especially in the 

future?

INPUT FROM DRIVERS
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Figure 1. Categories and sub-categories for the activities given by the drivers and 

HMI/Ergonomics experts. 

Comparison  

With the consistent use of the categories Safety, Efficiency, and Pleasure the com-
parison was made both between the correspondent groups between the 
HMI/Ergonomics experts and drivers and also between suggestions from situa-
tions today and the ones from future scenarios. Since the grouping of ideas from 
the future and today were mainly done to make the comparison easier the future 



Appendix 

 

A18 

ideas would have to be compared with the ones today as well. Table 4 shows how 
the comparison was carried out. 
 
Table 4.  Analysis scheme for the comparison of ideas between the drivers and ex-

perts, S=safety, E=Efficiency, P=Pleasure. 

 

 
 

Ideas and suggestions that posted the same kind of problem between the drivers 
and HMI/ergonomics experts were rewritten and added to a final list of activities, 
providing ideas both groups had proposed. The comparison gave the final 16 ac-
tivities shown in Table 5. 

 

S E P S E P

S X X

E X X

N X X

S X X

E X X

N X X

DRIVERS
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Table 5.  List of activities given from the comparison of the input from the drivers 

and HMI/Ergonomics experts. 

 

4.2.4 Decision matrix and input from Engineers at Scania 

To reduce the amount of activities, an evaluation with respect to the five require-
ments was carried out. How much each activity full filled a requirement was as-
sessed on a scale ranged from: Strongly Agree (SA), Agree (A), Neutral (N), Disagree 
(D) to Strongly Disagree (SD) and activities given the grade D or lower was excluded 
from further evaluations. The grades were based on the author’s personal opinion 
from the input provided during the previous observation, interviews and work-
shop and due to the reduction of activates additional input from three engineers at 

Scania was also collected and used. The first engineer worked with a system to 
detect Vulnerable Road Users (VRU). The second engineer was involved in devel-
oping systems for platooning i.e. letting trucks drive in vehicle trains where the 
truck in the front sets the speed and lane position of the ones behind. The third 

engineer was the responsible of RCDE’s simulator. 

1
Make use of the working hours, especially when 

loading and unloading the trailer

2
Planning the route with respect to traffic situation, 

restplace, time of the day, terrain

3
Planning the route with respect to destination and 

recharge opportunities (future)

4 Prevent loneliness in the truck

5 Prevent irritation from other road users

6
Bored when driving with more autonomous 

systems

7
Detecting objects around the car and in the blind 

spot (even in darkness and periphery…) 

8 What is behind the car while I'm reversing?

9 Warning for weariness signals

10 Why should I drive in a platoon?

11 What should I do when driving in a platoon?

12
Want to see the environment when driving in a 

platoon

13 Prevent fear and distress when driving in a platoon 

14
Keeping the correct distance when driving in a 

platoon

15 Trusting other drivers within a platoon

16
Interact and communicate with other drivers within 

a platoon 

COMPLETE LIST OF ACTIVITIES
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Input from engineers  

Two of the engineers Mikael Salmén from (RCIC) and Samuel Wickström from 
(RPEI) were contacted because of the current projects they were involved in; the 
systems they worked on represented technologies for the remaining activities. Mi-
kael worked on a system called Vulnerable Road User Detection (VRUD), which 
uses sensors at the front and right side of the vehicle to detect static and dynamic 
obstacles. Previous thesis’ has been conducted related to this technology focusing 
on the usefulness, the technology and suggestions of interfaces. Despite this, fur-
ther cooperation’s with the current thesis was still considered highly welcome and 
when discussing the issue of Vulnerable Road Users (VRU) it was mentioned that 
the problem had been there for many years and was something that would remain 
in the future as well. 

Samuel was involved in a project with focus on autonomic driving in a platoon 
and vehicle-to-vehicle communication (V2V). Platooning means that trucks drive 
close to each other to lower the fuel consumption caused by the reduced air re-
sistance and to not risk any accidents all trucks are controlled by the one in front. 
Besides, V2V is a further development of automated driving introducing changes 
of the infrastructure of vehicles, which makes it possible for all vehicles to com-
municate and share input from the environment between each other. Other vehi-
cles would therefore work as “eyes” for the ones behind.  

The third engineer was responsible of RCDE’s simulator and at the meeting it was 
told that a platooning scenario would be better suited with the current tools in the 
simulator than a scenario with Vulnerable Road Users (VRU) with respect to real-
ism.  

Grading in the decision matrix 

The following reasoning was conducted based on the input from the interviews 
(drivers), workshop (HMI/Ergonomics experts) and meetings (engineers) in terms 
of the requirements for the activity to be chosen. The final grades for of the activi-
ties in the list are presented in Table 6.  
 

 The first requirement according to Table 1 above states that the activity 
should be something of importance for the driver and the interviews gave 
the overall impression that Safety was the aspects which was considered 
the most important for all four drivers. This resulted in the grade Disagree 
(D) for all activities which didn’t concern Safety i.e. activity 1-6, 10 and 11.   
 

 The second and third requirements according to Table 1 above state that 
the activity should be useful for Scania to have an interface developed and 
evaluated for and should also involve a system or technology that exists 
and is developed at Scania.  

o Since solutions for aids when reversing and warning for weariness 
already exist, activities 8 and 9 were given a grade Disagree (D)  

o The meetings with the first and second engineer concerned existing 
systems at Scania. They provided input about a need within Scania 
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to test a possible interface, hence useful. Both confirmed that there 
existed new technologies within Scania that would be useful to have 
an interface developed and evaluated for. The engineer working 
with platooning did however express a stronger need to develop an 
interface for vehicle-to-vehicle communication rather than platoon-
ing which was what the drivers and HMI/Ergonomics experts had 
mentioned. Activities 12-16 were therefore given the grade Agree 
(A) and activity 7 the grade Strongly Agree (SA).  

 

 The fourth requirement according to Table 1 above states that the activity 
should be possible to implement in RCDE’s simulator. At a meeting with 
the third engineer who was responsible of the simulator it was told that the 
existing tools within the simulator were more suited for a platooning sce-
nario than a Vulnerable Road User detection situation. It would therefore 
be possible to create both scenarios in the simulator but platooning could 
be given better realism, activity 12-16 were therefore given the grade 
Strongly Agree (SA) and activity 7 the grade Agree (A).  
 

 The fifth requirement according to Table 1 above states that the activity 
should be present today and in the future. At the meeting with the engineer 
working with Vulnerable Road User Detection it was mentioned that the 
problem of detecting an object on the right hand side of the vehicle is a 
problem today and will remain in the future. The platooning scenario on 
the other hand would exist in the future since the system isn’t used on the 
roads yet. Activity 7 was therefore given the grade Strongly Agree (SA) and 
activity 12-16 the grade Disagree (D) Strongly Agree (SA) for idea 7, Disa-
gree (D). 
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Table 6.  Evaluation of activities with respect to the given requirements. Grading 

scale ranging from Strongly Agree (SA), Agree (A), Neutral (N), Disagree 

(D) to Strongly Disagree (SD). 
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The final activity to design and evaluate an interface for which fulfilled all five re-
quirements would be activity 7 in Table 6, detecting objects around the vehicle 
and in the blind spot. In terms of an existing system would it be to develop an 
interface for the Vulnerable Road User Detection System (VRUD).  

4.3 Define the problem  

To define the problem a questionnaire was created and completed by 26 profes-
sional bus and truck drivers and alternatives to evaluate the final outcome were 
considered to ensure the continuous work was feasible to evaluate in a simulator.  

4.3.1 Questionnaire for bus and truck drivers 

Due to the fact that the activity chosen to support the drivers is presented in this 
section of the report the questionnaire designed is presented below followed by 
the actual result.   

Design of questionnaire 

For each scenario in the questionnaire two pictures and a sentence described the 
situation and five questions were asked; the first two concerned the frequency and 
estimated severity of the situation and the other three concerned what, when and 
where the most critical inputs of the situation were. The frequency and severity 
was ranked on a scale from 1 to 5 meaning 1 = not at all common/severe and 5 = 
very common/severe. Concerning the most critical inputs of the situation they 
were asked to choose maximum three properties of: object, placement, in movement, 
speed, direction or other. If they choose other, the informant was asked to specify 
what. For the last two questions they were asked to draw and mark in the pictures 
where they would like to be informed about the hazard as well as where they 
would direct the bigger part of their focus. For a description of the scenarios see 
Table 7.   

To design their own concept it was specially emphasized that there are no right 
answers and areas for both drawing and writing were left free. The final part de-
scribed a solution where they would be informed about a VRU near the vehicle 
with a light source inside the vehicle which could change color, pattern and sweep 
rate and they were asked to choose which attribute of the light source they pre-
ferred to be linked to a certain property in the environment i.e. if the color, pat-
tern or sweep rate should change to tell the difference between the object, speed 
or movement of the VRU. It was also asked if they would prefer to be informed if 
there wasn’t a VRU near the vehicle and what else they could think of being in-
formed about in the same way as a VRU.  
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Table 7.  Description of scenarios included in the questionnaire. Scenarios from 

Abatay & Olsson (2010). 

 

Result from questionnaire 

The results from the questionnaire consisted of the amount of risk, the most criti-
cal input and the location and timing the drivers estimated for each scenario and 
further on which light aspects they mapped with different attributes and their sug-
gestions of an own design. In total 26 professional trucks and bus drivers an-
swered the questionnaire.  

The main part of the data collected from the questionnaire was not used in the 
succeeding process as it was meant to and therefore only the risk matrix and over 
all comments is presented. 

Risk matrix  

For each scenario the arithmetic mean of the frequency and severity was calculat-
ed in order to compare them in a risk matrix. The two-dimensional risk plotted in  

Figure 2 is the product of the frequency and severity given by the questionnaire. 
Scenario D, A, F was considered the most risky ones. 

 

A

Making right turn in a crossing and 

a cyclist appears on the right side 

of the vehicle

B

Driving on a straight road with an 

adjacent bike path when suddely a 

cyclist appears dangerously close 

to the vehicle

C
Driving straight through a crossing 

and a cyclist appears from the right

D

Making a right turn in a crossing 

where a pedestrian passes the 

meeting crosswalk

E

Driving along a straight road where 

a pedestrian is walking out on the 

road

F

Making a left turn in a crossing 

where a pedestrian passes the 

meeting crosswalk

SCENARIOS FROM QUESTIONNAIRE
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Figure 2.  Risk matrix illustrating the level of risk of each scenario presented in the 

questionnaire, with Frequency of an event occurring on the x-axis and the 

Severity if an accident occurs on the y-axis. Scenario A, Scenario D and 

Scenario F is ranked the highest 

General comments  

One informant mentioned the following in the general comments: 
 

 “One should be careful to use too many sounds, colors and symbols since the driver 
probably will be tired of all the information and turns off the system instead” 
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4.3.2 Alternative approaches for the thesis and defining the final 
problem  

RCDE’s simulator, the one for the planned evaluation, wasn’t developed for city envi-

ronments meaning that a lot of resources and time is required to develop a test worth 

using for evaluation of the interface. Because other ongoing projects the person in 

charge of the simulator at Scania couldn’t spend the necessary amount of time to de-

velop the proposed tests. Instead, alternative ideas were proposed and discussed where 

some were more evaluated than others. Since each idea came with a certain limitation, 

activity to choose and problem to solve was considered as well. The alternative ap-

proaches with related ways for evaluation is posted in  

Table 8.  Alternative ways for evaluation of the interface with description and the 

proposed problem to solve. 
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Some alternatives required help from other groups/departments at Scania (alter-
native number 3 and 4 in Table 8), collaborations with external companies with 
truck simulators (alternative number 2 in Table 8) or change the approach of the 
study to make sure Scania’s simulator could be used (alternative number 6 in Ta-
ble 8). However, after contacting other groups and external companies, alternative 
number 6 in Table 8 was chosen as the final solution, using the existing simulator 
with a new approach. The external company had no time for this kind of test and 
the other groups had no interest of working with this project and a suggestion of a 
new approach was offered by the Vehicle Ergonomics group (RCDE). Therefore, 
instead of designing an interface for VRUD, the new approach would be to design 
and evaluate concepts for a holistic system approach. The description of this ac-

Nr Alternative Description
Problem to solve/ 

evaluate

2

Use a simulator 

made for city 

environments

Cooperate with others who 

already have a simulator 

for city enviorment

How would a interface to 

warn about VRU be 

subjectively perceived 

and affect the driving 

performance  in a 

simulated driving task

4

Help from RCIC See if the group who is 

currently working on the 

system has resources to 

develop some parts of the 

simulation

-

5

Try in a real truck Implement the interface in 

a real car and test specific 

scenarios

How would a interface to 

warn about VRU be 

subjectively perceived in 

a real driving task

6

Use existing 

simulator

Use the existing simulator 

at Scania but with a test 

more suited for the 

currently implemented 

functions

-          (depends on the 

functions)

How would a interface to 

warn about VRU be 

subjectively perceived in 

a “faked” driving task

3

Cooperation with 

other thesis over 

the summer

Investigate if there are 

other thesis worker who is 

planned to work on this 

system and cooperate the 

-

ALTERNATIVE EVALUATIONS APPROACHES

1

Implement movie 

scenarios in the 

simulator

Film certain events from a 

real environment, 

implement the interface in 

a simulator, make the 

participant perform a 

secondary task and 

evaluate subjective opinion 

and the acceptance of the 

system
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tivity and rational was described by the team leader of the Cognitive Vehicle Er-
gonomics group together with the supervisor and manager of the Vehicle Ergo-
nomics group as follows.  
 

The team leader described the idea of a Holistic system as a further develop-
ment from earlier existing concepts of support systems which informs the 
driver in the direction a hazard occurs. It can function partly as a front colli-
sion warning system, providing the alert in the windscreen (like Volvo PV) and 
partly as a side collision/blind spot detection system in the side mirror (like 
some cars i.e. VW).  
 
When all three discussed the change of the thesis, it seemed fit to take this 
concept one step further and investigate if one can use the whole windscreen 
to support the driver to detect and draw attention to the correct area. By using 
LED’s, the direction can be displayed with “traveling” light to certain areas on 
the strip, almost like a flashing arrow telling the driver that something has oc-
curred and in that way direct the drivers attention to where it is needed 
(Friberg, 2013).   
 
The solution would be a light source running along the window edges inside the 
cab and by enlightening a specific area the drivers’ attention can be directed to 
where it is needed. This makes the driver detect what is necessary to carry out the 
required action, see  
Figure 3. This solution enables for more systems to be joined and used through 
the same interface, hence a Holistic system approach, reducing the different mo-
dalities of warning systems a driver could be exposed of otherwise. 
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Figure 3.  The principle of the LED-solution. A LED-strip goes along the window 

edges inside the cab and when a hazard occurs is the area in the same direc-

tion is lit to direct the driver’s attention.   
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Appendix 5 . Observation protocol 

The following protocols were taken when observing two long haulage and one 
distribution truck driver 

5.1 Long haulage drivers  

Date: 10/1-13, Södertälje -Klevshult, Förare 1  

 

11.16- 11.25 Tankar 

11.25- 11.50 Kopplar på släp 

11.50  kör iväg, en hand på ratten 

11.55  ringer tel. samtal angående spetsbyte 

           – 11.52 vindrutetorkare 

          – ingen hand på ratten bitvis 

           – styr med armbågen emellanåt 

12.16  dricker 

12.23 fortfarande ingen fot på pedalen 

12.29 Vindrutetorkare  

12.32 omkörning, blinkers-speglar-tittar-tillbaka 

12.33 omkörning, blinkers-speglar-tittar-tillbaka 

          Telefon+handsfree, tillbaka till filen utan blinkers [Nyköping] 

12.36 fortfarande telefon, svajande körning +läsa upp telefonnummer (halt 

väglag) 

12.52 ringer telefonsamtal, svänger ut i vägrenen (styr med tummen på ratten) 

12.57 omkörning av personbil, blinkers-speglar-tittar-tillbaka 

12.59 Sms:ar 

13.01 omkörning av 2st lastbilar, blinkers-speglar-titta-tillbaka 

13.10 omkörning av 2st lastbilar, blinkers-speglar-titta-tillbaka 

 

13.11 vindrutetorkare  

13.15 ringer telefonsamtal om spetsbyte, en hand på ratten 

13.31 vindrutetorkare  

13.56 vindrutetorkare  

14.00 gaspedal -kopplar ur farthållaren när kommer nära en annan bil, 

kommentar: reflexmässigt beslut [Mantorp] 

14.03 avfart, blinkers 

          Korsning, blinkers, koppling, tittar, rattar, kommentar: ej koppling på alla 

bilar 

14.05-ish till 15:00 [byte av trailer, uppehåll på Statoil mack för att vänta in den 

andra bilen för spetsbytet] 

Kommentar: bättre att svara på varför man gör en viss handling efteråt än 

undertiden 

 

15.02 vindrutetorkare  

          Korsning, blinkers, huvudrörelser, backspeglar, påfart 

15.25 vindrutetorkare, kommentar: förslag på hjälpsystem i bilen, tid kontra 

hastighet, visa vad man tjänar på att öka/sänka hastigheten 
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15.26 vindrutetorkare 

15.27 vindrutetorkare 

15.27 vindrutetorkare 

15.29 vinglar i filen --> avlöser ljud på passagerare sidan, stänger av funktionen. 

Kommentar: knapp på annat ställe än i andra bilar vilket gör att han måste 

leta aktivt efter vart den är 

15.41 Styr med ena armbågen på ratten, kommentar: blinkar åt andra lastbilar 

när de kör om för att säga till när hela trailern är förbi, ”lastbils artighet” 

15.49 vindrutetorkare +spola 

16.08 Omkörning, blinkers-speglar-titta-tillbaka 

16.10 Omkörning, blinkers-speglar-titta-tillbaka 

16.18 Omkörning 

 Titta på instrumentpanelen 

 Tillbaka i filen 

16.19 [rusningstrafik utanför Jönköping] 

16.21 Vindrutetorkare+spola  

Date: 10/1-13, Klevshult-Linköping, Förare 2, lastbilskörkort i 
+20år,  

 

17.40 Ny bil och förare. Kör tre lastbilar tillsammans, ska hålla ett visst avstånd 

och testar samtidigt bränsleförbrukningen 

  Vindrutetorkarna+ spola 

18.04 Vindrutetorkarna + spola 

18.09 Tankar 

18.X  Omkörning  

18.30 Reglerar hastigheten på farthållaren (kör utan bälte) 

18.32 Kör om.  

18.34 Tillbaka i filen, blinkers 

18.34 Omkörning blinkers 

  kommentar: spak för att bromsa, blir som en motorbroms 

   rast mer som ett illa ont 

   annat körbeteende i Tyskland pga. av tätare 

trafik 

18.46 omkörning   

19.07 omkörning, blinkers tillbaka 

19.38 vindrutetorkare +spola 

19.34 telefonen ringer 

         19.41 omkörning av annan lastbil (pratar fortfarande i telefon) styr 

med armbågen 

          20.00 samtalet avslutas  

 

Egna kommentarer: 

- Vid andra observationen hade det hunnit bli väldigt mörkt så det var svårt att 

uppfatta vart han tittade 

- Allt som skedde är inte dokumenterat, men de tider och händelser som angetts 

i protokollet har skett.  
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5.2 Distribution driver 

Date: 16/1-13, Intern Scania, förare 3  
 
Arbetar 7-16, faxar direkt till henne, händer ofta att hon får stå och vänta runt 
20min 
Hon får max köra 800kg, annan bil får köra tyngre. Ej haft lastbilskörkort särskilt 
länge 
 
Start 

- Cirkulationsplats 

- Korsning 

- filbyte, svänga 

 

1:a stället (lämnar varor) 
- vägarbete + rödljus 

 

2:a stället 
- farthållare för raksträcka, kopplar ur i rondeller och svängar 

- många rondeller 

- övergångsställe  

 

- Kommentar: varningssignaler: hålla sig i filen, nära en annan bil 

 

3:e stället [stannar och skriver på papper] 

- egen reflektion: mycket stillastående, inte mycket körning men händer 

desto mer i trafiken när hon väl kör jmf fjärrtransport 

 

4:e stället [pratar -socialt] 

 

5: e stället 
- Enbart några meters körning, stannar 

 

6:e stället 
- Övergångsställe 

 

7:e stället 
- Pratar i telefon samtidigt som hon hör, pratar med Mia om kommande uppgift 

- Rondell 

- Trafikljus 

 

8:e stället 
- "Bandar"  

-  väntar på att grinden öppnas 

....... 

-  
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Kommentarer:  
- "Backhållaren" ger ifrån sig ljud innan den släpper 

- Skulle ha svårt att beskriva varför hon gör vissa saker  

- Kör olika hastigheter: 

  - långsammare inne på områden 20km/h 

  - vanlig väg ~40km/h 

  - motorväg ~80km/h 

- Byter bil varje vecka 

- P-hytter, små skumpande etanol  

- G-hytt, ok lagom stort 

- Användartester, viktigt med verklig miljö 

 
Anteckningarna från distribution är bara på en bråkdel av alla trafiksituationer och 

händelser som egentligen uppkom under observationen. Syftet var att få en 

uppfattning om hur de skiljer sig från fjärrtransport och det framgick väldigt tydligt. 

Det var som sagt mycket stillastående och väntan men när det väl kördes hände det 

väldigt mkt i trafiken. Jag satt med från kl. 12 till strax innan 15. 
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Appendix 6 . Simulator and LED- prototype technical 

specifications description 

This appendix describes technical specifications and descriptions of the LED-
prototype and Simulator. 

6.1 Technical description of the LED-prototype 

Belysning: 

 ”Ledstrip” med 32 leds per meter 

 Individuellt kontrollerade 21 bit RGB leds (~2 miljoner färger) 

 ~100Hz uppdateringsfrekvens vid 4m strip. 
  
Kontrollenhet: 

 Raspberry Pi med Linux 

 Applikation skriven i C/Python 

 Styrning av ledstrip direkt med SPI 

 Kommunikationsinterface mot simulering kan vara någon av 
USB/Ethernet/IO 

6.2 Technical description of RCDE’s Simulator  

The structure of the computers included in the SimulaTOR network are visualized 
in Figure 4 

 

 

Figure 4. Illustration of the network of computers for the SimulaTOR. All data 
from the Visual-PC, Vehicle-PC, Sound-PC and Cockpit-PC passes 
through the Kernel Source: Körsilmulator för lastbil, system översikt  
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Appendix 7 . Description of how the LED-prototype 

translate images to visual LED signals 

The LED-prototype uses images to display a certain LED-signal, below follows 
the description of how the conversion between images and signal works.  

7.1 Using the program and display principle 

Images (.bmp) named with the characters A-Z, a-z or 1-9 (excluded X, R) are up-
loaded to a server to be transferred to the controller and from an especially 
made/custom designed program any of the images can be triggered. R reloads the 
program and the new images are uploaded to the controller, X stops an already 
started sequence and 0 turns off all activated LED’s.  

Starting any of the images’ characters will activate the LED sequence correspond-
ing to the image and the theory to convert an image to a light signal works as fol-
lows: An image is based on pixels where each pixel is a point (small square) given 
a specific color. The resolution of an image is given by the pixel in horizontal (x-) 
direction times the pixels in the vertical (y-) direction and since all pixels have the 
same dimension the resolution also correspond to the final size of the image i.e. 
an image with the size 100x1200 consists of 100 pixels in x-direction and 1200 
pixels in y-direction. For the actual conversion from an image to a light signal each 
pixel in the x-direction corresponds to one LED each i.e. if the fifth pixel in the 
picture is colored red the fifth LED will emit a red light, see Figure 5.  

 

Figure 5.  Conversion from image to LED signal, the fifth pixel is colored red and so 

will the fifth LED emit a red light. 

Furthermore the pixels in the y-direction correspond to time by letting one row of 
pixels be uploaded/updated every 0,01 second since the uploaded frequency of 
the LED-strip/controller is 100Hz (f=1/T). A straight line would therefore make 
a single area of the LED lit while a diagonal line makes a point travel along the 
LED strip, see Figure 6. 
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Figure 6.  Conversion from images to LED signal, a straight red line will emit a sta-

tionary red signal whereas a diagonal line will make a traveling light along 

the LED-strip. 

With these principles any pattern can be created, a right angled triangle would 
make an arrow of light travel but keep the path lit, an isosceles triangle makes two 
arrows traveling outwards from the same point and a dashed vertical line creates a 
flashing effect of a static point, see Figure 7. 
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Figure 7.  Conversion from image to LED signal, an angled triangle makes the light 

travel along the LED-strip and keeps the path lit. An isosceles triangle 

makes two arrows of light travel outwards and a dashed line creates flashes 

of light.   

The length of each image (amount of pixels in the y-direction) corresponds to the 
time of the signal and the last row in the images remains if no other command is 
sent. A picture with a black row in the end will therefore turn off all LED’s and if 
the image ends with a pattern a freeze of the last row is shown until a new com-
mand is sent.  
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Another aspect to consider is the color conversion between the image and the 
LED. Each LED consists of a Red, Green and Blue source (RGB) and each 
source could either emit color separately, giving a clear red, blue or green color or 
in a combination: blue and red gives purple and red and green makes yellow etc. 
Different ratios of the colors in a mix result in varying hues and each source could 
be turned on more or less giving a stronger/lighter or weaker/darker light. White 
is achieved by turning on maximum in all sources i.e. the more color that is emit-
ted the lighter color. In theory the LED strip can emit any color that can be dis-
played on a screen, but the mixing of colors makes the outcome different. If for 
instance a purple color is mixed and the blue and red source are turned on to max-
imum the outcome on the LED strip will be a light purple while the color on the 
image is ordinary purple, see Figure 8.  

 

 
Figure 8.  Purple image and the corresponding light on the prototype; illustrates the 

effect when too much light in each channel results in a brighter color than 

on the images. 

So when it comes to the mixture of more than one color it is important to consid-
er the ratio between the different sources. And in order to find the correct color 
iterative testing is the best method for the desired result.  
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Appendix 8 . Review of Situation awareness metrics 

and rational to not include them 

This appendix includes a review of Situation awareness and trust metrics and the 
rational why they weren’t included in the user test.  

8.1 Review of Situation awareness metrics  

Situation Awareness (SA) describes the awareness an individual has of a situation. 
Endsley (1988) defines it as “the perception of the elements in the environment 
within a volume of time and space, the comprehension of their meaning and the 
projection of their status in the near future”. Though this is the most commonly 
used definition of SA it is not universally accepted (Salmon et al., 2009).  

Researchers divide the definition of Situation Awareness between being a product 
or a process, differing between if the operator is consciously aware or understands 
the situation in order to (build and) maintain SA (Durso & Sethumadhavan, 2008) 
and furthermore if it is knowledge in working memory, a cognitive mechanism of 
information-processing or external directed consciousness (Bell & Lyon, 2000). 
This makes the assessment of SA complex and different techniques have been 
developed, used and validated (Salmon et al., 2009). The studies to validate the 
techniques can however differ since what is considered to be the “the right thing 
to measure” may vary without a universal accepted model of SA (Salmon et al., 
2009). Salmon et al. (2006) summarized different types of SA measures in the six 
categories freeze probe recall techniques, real-time probe techniques, post-trial subjective rating 
techniques, observer rating techniques, performance measures and process indices. These have 
been used and verified to different extents and provide both advantages and dis-
advantages depending on which aspect of SA that is to be investigated.  

8.1.1 Freeze probe recall  

Freeze probe techniques, measures SA with queries at a freeze when the primary 
task is carried out, typically all displays and screens are blanked and the participant 
is required to answer the queries from their knowledge and understanding of the 
situation. An advantage of this kind of technique is its removal of post-trial issues 
but on the other hand, the level of intrusion as well and its validity is questionable. 
When recalling objects from a previous scene the method could measure the 
memory instead of the level of SA (Salmon et al., 2009).  

The most commonly used technique is Situation Awareness Global Assessment 
Technique (SAGAT; Endsley 1995) where the queries are based on a cognitive 
task analysis and covers SA elements in the three levels of SA; perception, com-
prehension and projection. The responses on the queries are scored with respect 
to what happened before the freeze in order to receive a Global SA score 
(Endsley, 1988).  
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8.1.2 Real time probe  

Real time probe techniques are similar to the freeze probe technique but instead 
of freezes the subjects are continuously asked about SA elements and the answers 
and response times are used to measure the SA (Salmon et al. 2009). The tech-
nique is favored since it reduces the intrusiveness but on the other hand less data 
can be collected compared to SAGAT (Jones & Endsley, 2000)  

Situation Present Assessment Method (SPAM) (Durso, 1998; Kaber et al., 2012) 
requires the operator to respond to their readiness to answer a query as well as 
answer it and the two types of response times are measured. The time to accept 
the question indicates the workload caused by the task whereas the time to answer 
the question is considered to measure the SA (Salmon et al., 2009; Kaber et al, 
2012).  

Another real time probe technique is based on SAGAT where the communication 
between the experimenter and the operator is more natural and there is no prior 
warning before the question is asked (Kaber et al., 2012). Both SPAM and the 
SAGAT based real time probe technique has according to Kaber et al. (2012) been 
shown to have validity for dynamic tasks but in order to not disturb the driver 
with indications before a query the second technique is suggested to be more suit-
able. A prior warning could also alert the driver to any event or result in lack of 
assessment when hazards are present (Kaber et al., 2012).  

8.1.3 Post-trial subjective ratings 

Subjective ratings are usually administered after the trial providing the participants 
subjective opinion of their perceived SA. The technique is easy, quick and low 
cost and doesn’t intrude on the primary task but they are heavily questioned about 
their correlation with performance and sensitivity (Salmon et al., 2009). 

The most common measure of subjective SA is Situation Awareness Rating Tech-
nique (SART; Taylor, 1990) where ten dimensions of SA are rated by the partici-
pant on a seven point rating scale. The ratings concern demand, supply and under-
standing, which are combined to provide an overall SART score which it is calcu-
lated accordingly.  

8.1.4 Performance measures and process indices  

Furthermore when Salmon (2009) describes the categories of SA measures, per-
formance measures and process the primary task is carried out and one example 
of assessing driver SA is hazard detection (Salmon, 2009).  Horswill and McKenna 
(2004) also argue that hazard detection is the only component of driving correlat-
ed with safety.  

Process indices capture the process a participant uses in order to develop SA and 
can for instance include eye-tracking, video recording and thinking out loud 
(Salmon et al., 2009). 
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8.2  Rational to not include Situation Awareness metrics in 
  the user test  

What the drivers would benefit from awareness, when using the concepts would 
be improvement in detecting hazards to avoid them in time. This is measured with 
the detection rate in terms of response time, accuracy in hit rate and to some ex-
tend if they were able to avoid the hazard, covered by the alert detection metrics. 
Even if it is recommended to use different types of SA measures (Salmon et al. 
2009) this SA measure may be the only one relevant for this study. If the drivers 
use the concepts correctly, their scanning behavior would change since they know 
that an alert will be given if a hazard occurs, decreasing their awareness of the en-
vironment. The level of awareness provided by the whole system (human and ve-
hicle) would however stay the same. Instead of the driver knowing all that is nec-
essary the truck takes care of a part and informs the driver when he needs to. This 
aspect is described from a distributed situation point of view, which for further 
information refers to work by Stanton et al. (2006). The drivers’ workload would 
decrease with a lower level of SA making workload and detection rate more rele-
vant to test in this study than further SA measures. 

Furthermore, the high density of hazards on a highway does make the simulated 
scenario un-realistic thus any additional SA measure unusable. Data about the 
awareness of environment given by the for instance SAGAT wouldn’t correspond 
to the level of SA achieved with the concepts in a real traffic situation making the 
data unnecessary. To measure the detection rate is the most important aspect of 
the concepts captured; does the driver become aware of the hazard and can he 
avoid an accident? And any further investigation of how the SA is affected by the 
concepts will be left for future studies.  
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Appendix 9 . Description of the Events/Hazards 

The following appendix describes the events/hazards more in detail.  

9.1 The Events 

The event included in the user test had to be potential hazards the participants 
should notice in order to drive safely. These could either require the driver to 
change lane, slow down or just acknowledge that something could happen. To 
keep the process of designing the test structural, the event was grouped in Type 
and Location, with hazard types referring to in the Inside the Vehicle (IV), Moving 
Object (MO), Road Conditions (RC) or Other Vehicles (OV) and they could be 
located on the Left, Centre or Right side. Each event was given a unique four digit 
code depending on its type and location to simplify the programming and when 
creating their order. The first number of the code represented its Location and the 
last number its Type, see Table 9.  

Table 9.  Event/hazard codes with respect to the hazards location (left, center, right) 

and Type (inside vehicle, moving objects, road conditions, other vehicles). 

 

 

The events implemented in the simulator were tell-tails (icon) for low fuel, low tire 
pressure and brake lining wear out, a moose standing in the left lane, a bus stop 
with humans and humans standing on the road due to a car crash. Further, a pot-
hole occurred, some rocks placed in the right lane, a work in progress area on the 
left side, an overtaking car, a motorcyclist overtaking on the right side and the car 
in front making a hard brake. Additionally four Multi Events created as a combi-
nation of the other events with onset either one after the other or simultaneously. 
The codes for these were given the same start number as the event type wasn’t 
applicable for these. The complete codes for the events are displayed in Table 10 
and a short description of all events is shown in Table 11. 

Left Center Right

100X 200X 300X

Inside vehicle (IV) X001 1001 2001 3001

Moving objects (MO) X002 1002 2002 3002

Road Conditions (RC) X003 1003 2003 3003

Other Vehicles (OV) X004 1004 2004 3004

Event location 

Ev
en

t 
/h

az
ar

d
 

ty
p

e 

EVENT/HAZARD CODE



Appendix 

 

A43 

Table 10.  Complete list of the Event/hazard codes with respect to location and type 

inclusive the multi-events. 

 

 

Table 11.  Event codes and a short description of the hazards.   

 

Left Center Right

100X 200X 300X 400X

Inside vehicle (IV) X001 1001 2001 3001 4001

Moving objects (MO) X002 1002 2002 3002 4002

Road Conditions (RC) X003 1003 2003 3003 4003

Other Vehicles (OV) X004 1004 2004 3004 4004

Event location 

Ev
en

t 
/h

az
ar

d
 

ty
p

e 
Multi 

events

EVENT/HAZARD CODE

Left Center Right

100X 200X 300X

Inside 

vehicle 

(IV)

X001

Low tyre 

preassure 

left side 

Low fuel 

level

Brake lining 

wear-out 

condition 

right 

Moose left Low fuel level

Moving 

objects 

(MO)

X002 Moose left

Car crash 

humans 

front

Bus stop 

with 

humans

Low tyre 

preassure 

left side 

Motorcyclist 

overtakes on 

right side 

Road 

Condition

s (RC)

X003

Work in 

progress 

left 

Rock on 

the road 

front

Pothole 

right

Overtaking 

car

Bus stop with 

humans

Other 

Vehicles 

(OV)

X004
Overtaking 

car

Car infront 

brakes 

Motorcyclist 

overtakes 

on right side 

Rock on 

the road 

front

Brake lining 

wear-out 

condition 

right 

Ev
en

t 
/h

az
ar

d
 t

yp
e 

Event location 

EVENT/HAZARD CODE

Multi events

400X
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9.2  Order of events  

To structure the order of the Events within the three Scenarios (one scenario for 
each Condition: Baseline, Informative, Directional) two important aspects were 
considered: 1) The order should not make the participant predict what could oc-
cur next and 2) the outcomes within each Trial should be comparable. Therefore 
the order of events only varied within each Trial i.e. one event didn’t come after 
another more than once but the same Event was found in the same Trial for all 
three Scenarios. In order to set up this the event codes were used to make sure 
that each trial included a left, center, right and multi warning as well as the order 
of them were different for each scenario. The final order or events is shown in 
Table 12.  

Table 12.  Event order within each scenario. One scenario with four trials is carried 

out for one condition. 

 

 

  

BASELINE 1004 2003 4001 3002 2002 3003 1001 4004 4003 1002 3004 2001 3001 4002 2004 1003

INFORMATIVE 2003 3002 1004 4001 3003 4004 2002 1001 3004 4003 2001 1002 4002 1003 3001 2004

DIRECTIONAL 3002 4001 2003 1004 4004 1001 3003 2002 2001 3004 1002 4003 1003 2004 4002 3001

Trial 1  - familiarization Trial 2  - detect hazard Trial 3  - talk aloud 

EVENT/HAZARD ORDER

Trial 4  - increased workload
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Appendix 10 . Information sheets for the simulator     

 study 

This Appendix includes the information sheets used during the user test in the 
simulator  
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Appendix 11 . Questionnaires used in the simulator 

 test 

This appendix includes the DALI, AATT questionnaire as well as the comparative 
questionnaire used during the simulator test. 
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Appendix 12 . Overview of statistical tests 

This Appendix presets tables for an overview of all statistical tests, which were 
carried out in the study, Table 13 to Table 21.  

 
Table 13. Overview of all One-way ANOVA tests carried out in the study. The light 

grey brackets illustrate the comparisons and the black indicates where a sig-

nificant difference between the conditions was found. The average are given 

and the Standard Error of the Mean in parentheses, n=13.  

 

DEPENDENT MEASURE Baseline Informative Directional 

Hit rate [Hit]
14,8 (0,52) 17,2 (0,70) 15,4 (0,70)

Miss rate [Miss]

4,0 (0,52) 1,8 (0,59) 2,7 (0,66)

Multi event Hit rate [Hit]

5,2 (0,30) 6,8 (0,39) 5,2 (0,34) 

Multi-event Miss rate 

[Miss]
2,5 (0,37) 1,1 (0,40) 1,8 (0,34)

Reaction time [s]

5,9 (0,81) 3,4 (0,63) 4,0(0,52)

Detection accuracy 

[correct response]
4,1 (0,23) 4,4 (0,16) 4,2 (0,2)

1-back performance 

[correct response]
0,8 (0,03) 0,8 (0,02) 0,8 (0,04)

DALI global value        

[DALI score]

50,4 (4,58) 50,0 (4,17) 51,9 (4,35)

Mean Speed [m/s]

24,3 (0,23) 24,1 (0,43) 23,8 (0,55)

Average SDLP [-]

0,33 (0,009) 0,34 (0,007) 0,35 (0,014)

* = p < 0.05 *** = p < 0.001
** = p < 0.01

CONDITION

y* = marginally 

significant

ONE-WAY ANOVA TESTS

**

*

**
*

* y*

y*

y*
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Table 14. Overview of the t-tests carried out to investigate the effect of condition on 

usefulness and satisfaction score. The light grey brackets illustrate the com-

parisons and the black indicates where a significant difference between the 

conditions was found. The average are given and the Standard Error of the 

Mean in parentheses, n=14.  

 

Table 15. Overview of the Two-way ANOVA tests carried out to investigate the ef-

fect of condition and workload. The light grey brackets illustrate the com-

parisons and the black indicates where a significant difference was found. 

The average is given and the Standard Error of the Mean in parentheses, 

n=13.  

 

DEPENDENT MEASURE Informative Directional 

Usefullness score 

[AATT score] 0,71 (0,23) 0,82 (0,26)

Saticfaction score 

[AATT score] -0,06 (0,25) 0,10 (0,23)

* = p < 0.05 *** = p < 0.001

** = p < 0.01 y*= marginally 

significant

T- TESTS

CONDITION

DEPENDENT MEASURE Baseline Informative Directional Low High 

Hit rate [Hit]
3,62 (0,22) 4,38 (0,17) 3,65 (0,21) 4 (0,16) 3,77 (0,19)

Miss rate [Miss]

1,12 (0,19) 0,5 (0,14) 0,81 (0,17) 0,74 (0,13) 0,87 (0,15)

Reaction time [s]

5,26 (0,72) 3,43 (0,54) 4,04 (0,60) 5,60 (0,54) 2,94 (0,41)

Mean Speed [m/s]

22,59 (1,22) 22,25 (1,22) 22,05 (1,25) 22,55 (1,00) 21,98 (1,00)

Average SDLP [-]

0,35 (0,03) 0,35 (0,03) 0,35 (0,03) 0,46 (0,02) 0,24 (0,02)

* = p < 0.05 ** = p < 0.01 *** = p < 0.001

TWO-WAY ANOVA TESTS: WORKLOAD

FIRST VARIABLE SECOND VARIABLE

CONDITION LEVEL OF WORKLOAD

y *= marginally 

significant

*** *

*

***

*

**
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Table 16. Overview of the Two-way ANOVA tests carried out to investigate the ef-

fect of Hazard location and Conditions. The light grey brackets illustrate the 

comparisons and the black indicates where a significant difference was 

found. The average is given and the Standard Error of the Mean in paren-

theses, n=13.  

 

Table 17. Overview of the Two-way ANOVA tests to investigate the effect of Hazard 

type and Condition. The light grey brackets illustrate the comparisons and 

the black indicates where a significant difference was found. The average is 

given and the Standard Error of the Mean in parentheses, n=13. 

 

 

 

DEPENDENT MEASURE Baseline Informative Directional Left Centre Right

Hit rate [Hit]
3,18 (0,14) 3,46 (0,13) 3,33 (0,12) 3,18 (0,14) 3,46 (0,11) 3,33 (0,14)

Miss rate [Miss]

0,51 (0,10) 0,23 (0,09) 0,28 (0,10) 0,41 (0,11) 0,33 (0,08) 0,28 (0,09)

Reaction time [s]

5,79 (0,57) 3,20 (0,44) 3,97 (0,37) 3,72 (0,45) 4,22 (0,41) 5,02 (0,59)

* = p  < 0.05 ** = p  < 0.01 *** = p  < 0.001

TWO-WAY ANOVA TESTS: HAZARD LOCATION

FIRST VARIABLE SECOND VARIABLE

CONDITION HAZARD LOCATION

y *= marginally significant

y*
y*

DEPENDENT MEASURE Baseline Informative Directional IV MO RC OV

Hit rate [Hit]

2,40 (0,12) 2,60 (0,09) 2,52 (0,11) 2,08 (0,16) 2,82 (0,07) 2,72 (0,08) 2,41 (0,12)

Miss rate [Miss]

0,35 (0,09) 0,17 (0,07) 0,17 (0,08) 0,56 (0,15) 0,05 (0,05) 0,07 (0,04) 0,23 (0,07)

Reaction time [s]

5,90 (0,53) 3,42 (0,42) 3,96 (0,36) 5,35 (0,73) 4,69 (0,54) 4,03 (0,40) 3,65 (0,40)

* = p  < 0.05 ** = p  < 0.01 *** = p  < 0.001 y *= marginally significant

TWO-WAY ANOVA TESTS: HAZARD TYPE

FIRST VARIABLE SECOND VARIABLE

CONDITION HAZARD TYPE 

*

*
*

y*
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Table 18. Overview of the Two-way ANOVA tests carried out to investigate the ef-

fect of Multi-event order and Condition. The light grey brackets illustrate 

the comparisons and the black indicates where a significant difference was 

found. The average is given and the Standard Error of the Mean in paren-

theses, n=13.  

 

Table 19. Overview of the Two-way ANOVA tests carried out to investigate the ef-

fect of Event and Condition on Detection accuracy score. The light grey 

brackets illustrate the comparisons and the black indicates where a signifi-

cant difference was found. The average is given and the Standard Error of 

the Mean in parentheses, n=14.   

 

 
Table 20. Overview of the Two-way ANOVA tests carried out to investigate the ef-

fect of DALI dimensions and Condition on DALI-score. The light grey 

brackets illustrate the comparisons and the black indicates where a signifi-

cant difference was found. The average is given and the Standard Error of 

the Mean in parentheses, n=14.   

 

DEPENDENT MEASURE Baseline Informative Directional First Second

Multi event Hit rate 

[Hit] 1,96 (0,19) 2,5 (0,16) 2,08 (0,17) 2,74 (0,07) 1,62 (0,14)

Multi-event Miss rate 

[Miss]
0,92 (0,19) 0,42 (0,16) 0,69 (0,17) 0,13 (0,05) 1,23 (0,15)

* = p < 0.05 ** = p < 0.01 *** = p < 0.001

TWO-WAY ANOVA TESTS: MULTI-EVENT ORDER

FIRST VARIABLE SECOND VARIABLE

CONDITION EVENT ORDER

y*= marginally significant

* * ***

* ***

DEPENDENT MEASURE Baseline Informative Directional 3004 4003a 4003b 2003 1002

Detection accuracy 

[correct response]

0,87 (0,04) 0,94 (0,03) 0,9 (0,04) 0,95 (0,03) 0,93 (0,04) 0,88 (0,05) 0,86 (0,05) 0,90 (0,05)

* = p < 0.05

** = p < 0.01

FIRST VARIABLE SECOND VARIABLE

TWO-WAY ANOVA TESTS: EVENT

y*= marginally 

significant

CONDITION EVENT

*** = p < 0.001

DEPENDENT MEASURE Baseline Informative Directional Attention Visual Auditory Temporal Interference Situation stress

DALI global value    

[DALI score]

135 (13) 134 (13) 139 (13) 217 (21) 168 (16) 55 (10) 91 (18) 159 (20) 126 (13)

* = p  < 0.05 *** = p  < 0.001

** = p  < 0.01

FIRST VARIABLE SECOND VARIABLE

CONDITION DALI DIMENSION 

TWO-WAY ANOVA TESTS: DALI DIMENSION

y *= marginally 

significant

**
***
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Table 21. Overview of the Two-way ANOVA tests carried out to investigate the ef-

fect of AATT item and Condition on AATT score. The light grey brackets 

illustrate the comparisons and the black indicates where a significant differ-

ence was found. The average is given and the Standard Error of the Mean in 

parentheses, n=14.   

 

  

DEPENDENT MEASURE Informative Directional Usefull Pleasant Good Nice Effective Likable Assisting Desirable Raising alertness

Acceptance score 

[AATT score]

0,38 (0,10) 0,49 (0,10) 0,79 (0,19) 0,18 (0,17) 0,61 (0,21) 0,04 (0,16) 0,46 (0,24) -0,14 (0,22) 0,86 (0,18) 0,00 (0,21) 1,14 (0,20)

* = p  < 0.05 *** = p  < 0.001

** = p  < 0.01 y *= marginally 

significant

TWO-WAY ANOVA TESTS: AATT ITEMS

FIRST VARIABLE SECOND VARIABLE

CONDITION AATT ITEM

*
y*

y*

*
**

*

**

* ***
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Appendix 13 . Calculations from the simulator log  

This Appendix describes how the metrics: Detection rate (Hits, Misses), Reaction 
time (s), Performance of the 1-back task, (correct/incorrect response), Mean 
speed (m/s) and Standard deviation of lane position were calculated. All metrics 
base from the simulator log. The log samples predefined values every 0, 05 se-
conds, resulting in a document with columns for each kind of metric an rows for 
each time sample, Figure 9 illustrates an example. One log was submitted for each 
participant and Scenario resulting in a total of 13x3 Excel sheets of driving data.  
 

 
Figure 9. Example of a how the simulator log looked like.  

13.1 Detection rate 

To calculate the Detection rate for each participant (Hit, Miss) their simulator logs 
were analyzed. The log consisted of several columns with values and for this cal-
culation the columns named: Time, Event_id and sw_button were used; Time 
shows the time for each value, event_id retails which event is present with the 
codenames (see Appendix 9) and sw_button had a value different to cero if a 
steering wheel button was pressed. That is, a row at a specific time retails the pre-
sent event and if a steering wheel button was pressed.  
 
Each participant’s log was processed by stating the formula in cell F7 in Table 22. 
It searches in the database A1 to C7 after the minimum time (A1) when the Crite-
ria in E1 to F2 are fulfilled. In this case the answer is 0.20 since this is where the 
time is lowest when the event 1004 was present and a steering wheel button press 
was given. If no response with the steering wheel button was made, all numbers in 
column C would consist of zeros and the criteria is not fulfilled i.e. the formula in 
F7 doesn’t return a time.  
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Table 22.  Example of how a response was detected from the simulator log in Excel. 

The database covers the area from A1 to C7 and the Criteria E1 to F2. The 

formula in F7 searches the database and returns the minimum value of time 

(A1) when the Criteria is fulfilled, in this case would the response be 0.20. 

  

 

When interpreting the simulator log to count the number of Hits and Misses the 
calculations was also controlled to make sure no False alarms occurred, that is if 
more than one button press per hazard were given. For the ideal case would a but-
ton press be given within the time an event was present giving a Hit or if not a 
Miss. If however more than one response was given during a hazard/event it was 
classified as a False alarm and no Detection rate was reported.  

To confirm that only one response was made, a plot was created illustrating when 
the button press began and ended with respect to the distance, two examples are 
shown in Figure 10. The light grey solid line illustrates when an event starts and 
stops whereas the darker dashed line shows when a button press was made. The 
first example is an ideal response with only Hits for both the single and Multi-
event. In the second example however, many false alarms occur.  

 

A B C D E F G

1 time event_id sw_buttons  event_id  sw_buttons

2 0.05 0 0 1004 1

3 0.10 1004 0

4 0.15 1004 0

5 0.20 1004 1

6 0.25 1004 1

7 0.30 1004 1 =DMIN(A1:C7;A1;E1:F2)

Database criteria
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Figure 10.Two examples of Button press plots with Event presentation (on/off) and 

Button press (on/off) with respect to the distance of one scenario. Example 

1 is an ideal response with one Button press (two for Multi events) per 

Event whereas Example 2 has a lot of False alarms i.e. more than one but-

ton press within an event.     

 
When interpreting the Multi events, it could happen that only one response was 
made when two hazards were visible. For those instances one Hit and one Miss 
were reported and a comment about the uncertain order was made. (However, for 
some of these instances, it was possible to track how the driver had behaved, e.g. 
used the indicators or changed lane and it could be assumed which hazard had 
been detected and for which one the response was made.)   
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13.2  Reaction time 

The Reaction time was calculated as the time between a hazard onset and the re-
sponse and like the Detection rate no value was reported if a False Alarm was 
made.  

Similar to when the Detection rate was counted the simulator log was analyzed. 
The columns Time, event_id, sw_button was used showing the time, present 
event name and if a response with the steering wheel button was made. Additional 
to calculating the Detection rate criterion of the event_id and sw_button were set 
and the formula in I3 and I4 in Table 23 was used. It searches in the database A1 
to C7 after the lowest value in the time column (A1) when a certain criteria are 
fulfilled, E1 to E2 or E4 to F5. I3 returns the time when an event starts (Onset 
time) and I4 returns the time when also a steering wheel button press occurs (Re-
sponse time) The Reaction time is the difference between the two hence the calcu-
lation in I5.  

Table 23. Example of calculation of Reaction time in Excel. The formula in I3 and I4 

returns the lowest time (A1) within the database A1 to C7 when the criteria 

E1 to E2 (onset time) or E4 to F5 (response time) is fulfilled. The Reaction 

time is calculated as the difference between the two. The reaction time for 

this example is 0.20-0.10=0.10 i.e. 0.10 seconds. 

 

 

Because of the uncertainty of responses for the multi events, not knowing which 
response was made for which hazard (mentioned above), these Reaction times 
were excluded from further analyze.   

13.3  1-back task performance 

The performance of the secondary 1-back task, where the participant repeats the 
number before the one just heard, was measured with the number of correct and 
incorrect recalls. A correct recall was saying the same number that was played be-
fore the one just said and an incorrect number was either to say the wrong num-
ber or not giving a response at all.   
 
The verbally given response from the driver was written in a protocol for each 
scenario and participant and this data was digitalized. The numbers, which were 
played for the drivers, were written in a document representing the key which the 
participants response were compared to. In order to determine if a correct re-
sponse had been given or not the performance was compared with the correct 
numbers in Excel, as the example in Table 24 illustrates. Row 1 represents the key 
and the auditory given numbers, Row 2 is the digitalized response form the partic-

A B C D E F G H I

1 time event_id sw_buttons  event_id

2 0.05 0 0 1004

3 0.10 1004 0 Onset Time =DMIN(A1:C7;A1;E1:E2)

4 0.15 1004 0  event_id  sw_buttons Response Time =DMIN(A1:C7;A1;E4:F5)

5 0.20 1004 1 1004 1 Reacton Time =I4-I3

6 0.25 1004 1

7 0.30 1004 1

Database criteria Calculation 
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ipant and Row 3 retells if the correct response was made or not. The formula in 
D3 illustrates what is stated in B3; it compares the value in A1 (correct response) 
to the value in B2 (participants response), if both values are the same the formula 
retells 1 in B3 or if not 0 is shown in B3. The same principle is used for all re-
sponses and the entire Row 3; the score in C3 compares the values in B1 and C2, 
C4 compares C1 and D2 etc.  So, a correct response resulted in a score of 1 and 
an incorrect recall was given 0.   
 

Table 24. Excel calculation to compare 1-back result. Row 1 is the auditory given 

numbers, row 2 is the responses given by the participants and row 3 calcu-

lates a correct (1) or incorrect (0) score. I.e. if D2=C1 the result will be 1. 

 

The total amount of recalls was also counted since the length of the audio file de-
pended on the speed (i.e. some participants gave more recalls than others.) To 
neutralize the result was therefore the ratio of correct (RC) and incorrect recalls 
(RI) calculated with the score of correct (SC) or incorrect (CI) recalls divided by the 
total amount of given numbers (TR),  

   
  
  

 

   
  
  

 

Due to the fact that each participant was given 11 opportunities to give a response 
of a 10 digit series, a maximum score was 11per series. This made it possible to 
score a correct value when not given a response since there isn't a number before 
the first one. I.e. after the first number in a series no response should be done, 
making a no response a correct score. (In the 1-back the number before the one 
just said was repeated meaning that in the beginning of a new series no response 
should be given at all.) A correct recall could therefore be a result of saying the 
right number or give no response in the start of a new series whereas an incorrect 
recall could be saying the wrong number or giving no response.   

13.4  DALI  

The subjective workload result from the DALI form consisted of the rating from 
each condition (Baseline, Informative, Directional) as well as the weighting of the 
task itself, which were used to calculate the DALI Global Value (DGV). The 
weighting (wi) for each dimension (di) provides each factors weight, being the 
number of times it was chosen as the most demanding factor and the rating (ri) is 
the specific factors level of workload the participant estimated within a condition. 
The rating is scaled in order to cover a range from 0-100 meaning that it is multi-
plied by 20 (rsi =ri*20) and the total overall workload index score is calculated with 
the following formula: 

A B C D

1 9 2 4 Correct response, key 

2 9 3 4 Participant response

3 1 0 =IF(B2=A1;1;0) Score (0/1)
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Each participant’s DALI Global Value contributed to an average for each condi-
tion. (Johansson et al., 2004) 

13.5  Speed 

To calculate the mean speed, the average speed within a predefined distance, each 
participant’s simulator log was analyzed. The columns odometer, which tells the 
distance from the starting point in meters, and speed giving the momentum speed 
of the truck in m/s were used together with predefined criterions of a specific 
distance the mean speed should be calculated within.   
 
The calculation was performed with the formula in E7 in Table 25. It returns the 
average value within the area B2 to B9 (speed) starting from when A2 to A9 
(odometer) fulfills the criteria in E2 and ending when the value in B2 to B9 
(odometer) fulfills the criteria in E3, i.e. the average speed during the distance 
from 3 to 9 meters in this example. So by stating certain distances was the average 
speed returned, the mean speed was calculated over a whole scenario and for each 
specific Trial by defining the point in the map when they started respectively end-
ed.  
 

Table 25. Example of how the Mean speed was calculated in Excel. The formula in 

E7 returns the average of the value in B2 to B9 (speed) starting from when 

A2 to A9 fulfills the criteria in E2 and ending when A2 to a9 fulfills the cri-

teria in E3. This example calculates the average speed in the interval from 3 

to 9 meters. 

 

 
 

A B C D E F

1  odometer speed distance

2 1,17 23,3 >=3

3 2,34 23,4 <=9

4 3,53 23,5

5 4,72 23,6

6 5,95 23,8

7 7,20 24 =AVERAGEIFS(B2:B9;A2:A9;E2; B2:B9;E3)

8 8,44 24,1

9 9,80 24,5

criteriaDatabase
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13.6  Lane position  

To calculate the Standard Deviation of Lane Position (SDLP) each participant’s 
simulator log was analyzed. The columns odometer and pos_lane were used which 
retails the distance from the starting point in meters and the truck’s position with-
in the lane. The pos_lane value represents the distance from a central line in the 
current lane and additional criteria were set to specify within which distances the 
SDLP should be calculated.  

The Standard deviation of lane position (SDLP) was calculated with the formula 
in E7 in Table 26, which returns a standard deviation from a database given spe-
cific criteria’s. In the example below the formula in E7 searches in the database 
A1 to B9 where it will calculate the standard deviation of the values in B1 (posi-
tion in lane) when the criteria in E1 to F2 are fulfilled. In the example the standard 
deviation within the area starting from 3meter and ending at 9 meters is calculated.  

Table 26. Example of how the Standard Deviation of Lane Position was calculated in 

Excel. The formula in E7 searches in the database A1 to B9 and will return 

the Standard Deviation of the values within column B1 when the criteria E1 

to F2 are fulfilled. This example returns the standard deviation of lane posi-

tion within the interval from 3 to 9 meters. 

 

13.7  Acceptance  

The acceptance of the systems through the AATT gave a Usefulness and a Satis-
faction score which combined provided the overall Acceptance for each of the 
concepts. The form consisted of 9 items; five related to the Usefulness (1, 3, 5, 7 
and 9) and the other four (2, 4, 6 and 8) to the Satisfaction. Each item was rated 
on a scale from -2 to 2 whereas three items had a mirrored scale (2 to -2). Hence, 
before the final scores were summarized the mirrored items were inverted. 
 
The average score from item 1, 3, 5, 7 and 9 gave the Usefulness score for each 
warning signal concept and item 2, 4, 6 and 8 their Satisfaction score. Combined 
in a 2-dimesional plot (Satisfaction on the x-axis, Usefulness on the y-axis) the 
total Acceptance of the Informative and Directional warning signal concepts sepa-
rately were displayed.  

  

A B C D E F

1  odometer pos_lane  odometer

2 1,17 0,05 >=3 <=9

3 2,34 0,049

4 3,53 0,048

5 4,72 0,047

6 5,95 0,049

7 7,20 0,048 =DSTDAV(A1:B9;B1;E1:F2)

8 8,44 0,049

9 9,80 0,05

Database criteria



Appendix 

 

A75 

Appendix 14 . Detailed Results and statistical 

analyses from the Evaluation-study 

In the following chapter the result and analysis of the simulator test is presented 
within the four groups Event detection, Workload, Driving performance and Sub-
jective opinion. The metrics within each group are presented in terms of results in 
graphs or table and the statistical test. The calculations were performed in Mi-
crosoft Excel and the statistical analyses in SPSS Statistics and for a detailed de-
scription of how the values were calculated and processed, see Appendix 13. Fol-
lowing, a short description on how to read and interpret the statistical analyses in 
this section is given.   

All statistical tests were carried out to investigate the effect of Condition, that is if 
there were differences between driving without a system (Baseline), driving with 
the Informative display (the interface concept which differs between the type of 
hazards) and driving with the Directional display (the interface with the same col-
or and pattern for all kinds of hazards). A significant difference between Condi-
tions would therefore imply that it is the design of the interface that affect the 
difference since it would be the only variable which changes when driving with the 
three conditions. 

 
When performing the one-way repeated measure ANOVA, only the effect of 
condition was investigated and for the two way ANOVA both Condition and an-
other variable e.g. workload were tested. The two ways ANOVA investigates if 
there is an interaction between the two variables i.e. if both Condition and Work-
load affects a measure. As an example, let’s say that the Informative display made 
it easier to detect hazards in the high workload trial, that would be an interaction 
of Condition and Workload on Detection rate and the two-way ANOVA would 
show significant p-values in this particular test.  

 
This applies to all statistical analyses in the following section and therefore it will 
only be described what kind of test were performed, what was compared and the 
results from it. Furthermore, when referring to “the Mauchly’s test indicated that 
the assumption of sphericity had been violated” it implies that the variance 
for/within each variable is too different from each other for the comparison to be 
valid and therefore corrected values (Greenhouse-Geisser) are reported. The re-
sults are presented within the areas of Event detection, Workload, Driving per-
formance and Subjective opinion.  

14.1 Event detection 

Event detection metrics were measured with the Detection rate (Hit, Miss), Reac-
tion time and the Detection accuracy.  
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14.1.1 Detection rate 

Detection rate results which were not presented in the report covered the distribu-
tion of Hits and Misses when the workload was increased, Detection rate over 
Trails, and the distribution of Hits and misses for the different hazard locations. 
Following are these results presented in Figure 11, Figure 12 with respect to Trials 
and Figure 13, Figure 14 with respect to Hazard location. After each graph follows 
the related statistical analysis and results.  

 

Figure 11.  Average Hit rate within each Trial for Baseline, the Informative display 

and the Directional display. Error bars display standard error of the mean, 

n=13. 

 

 
Figure 12. Average Miss rate within each Trial for Baseline, the Informative display 

and the Directional display. Error bars display standard error of the mean, 

n=13. 
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A 3 x 2 repeated measure ANOVA was conducted to investigate the effect of 
Condition (Baseline, Informative, Directional) and Workload (Low, High) on Hit 
rate. Results revealed that for Condition on Hit rate, Mauchly’s test indicated that 
the assumption of sphericity had been violated, χ2(2) = 10.274, and therefore cor-
rected values (Greenhouse-Geisser; ε) are reported. Results indicated a significant 
effect of Condition on Hit rate, F(1.245, 14,935) = 5.892, p < .05, η = .33.   Fol-
low up pairwise comparisons for Condition on Hit Rate revealed the following 

- Baseline vs. Informative = significant difference (p < .001), the Informa-
tive display had significantly more Hits than Baseline (in the high and low 
workload trial combined) 

- Baseline vs. Directional = no significant difference (p = 1.000) 

- Informative vs. Directional = significant difference (p < .05), the Informa-
tive display had significantly more Hits than the Directional display (in the 
high and low workload trial combined) 

 
Results failed to identify a significant effect of Workload on Hit rate F(1,12) 
=1,670, p =0.221, η = .12, and thus no follow up pairwise comparisons were con-
ducted.   
 
Finally, results failed to identify a significant interaction between Condition and 
Workload on Hit rate F(2,24) =1.800, p =0.187, η = .13, and thus no follow up 
pairwise comparisons were conducted. 

Hence no interaction between Condition and Workload were found on Hit rate it 
couldn’t be reasoned that it was easier or more difficult to detect hazards when 
the workload is increased and driving with or without a system; all conditions re-
sulted in the same Hit rate with increased workload.  

 
A 3 x 2 repeated measure ANOVA was conducted to investigate the effect of 
Condition (Baseline, Informative, Directional) and Workload (Low, High) on Miss 
rate. Results indicated a significant effect of Condition on Miss rate, F(2,24 ) = 
3.918, p < .05, η = .25.  Follow up pairwise comparisons for Condition on Miss 
Rates revealed the following: 

- Baseline vs. Informative = significant difference (p < .05), the Informative 
display had significant less Misses than Baseline (in the high and low work-
load trial combined) 

- Baseline vs. Directional = no significant difference (p = 0.793) 

- Informative vs. Directional = no significant difference (p =0.539) 
 
Results failed to identify a significant effect of Workload on Miss rate, F(1,12) 
=1,670, p =0.356, η = .017, and thus no follow up pairwise comparisons were 
conducted.   
 
Finally, results failed to identify a significant interaction between Condition and 
Workload on Miss rate, F(2,24) =2.356, p =0.116, η = .16, and thus no follow up 
pairwise comparisons were conducted. 
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The Miss rate indicated on the same relation as the Hit rate with respect to Work-
load; none of the conditions made it easier or more difficult to detect a Hazard 
with increased workload.  

 

Figure 13.Average Hit rate with respect to the Hazard locations Left, Centre and  

Right for Baseline, the Informative display and the Directional display. Er-

ror bars display standard error of the mean, n=13. 

 

 

Figure 14. Average Miss rate with respect to the Hazard locations Left, Centre and 

Right for Baseline, the Informative display and the Directional display. Er-

ror bars display standard error of the mean, n=13. 

 
A 3 x 3 repeated measure ANOVA was conducted to investigate the effect of 
Condition (Baseline, Informative, Directional) and Hazard location (Left, Centre, 
Right) on Hit rate. Results failed to identify a significant effect of Condition on 
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Hit rates F(2,24) =0.778, p =0.226, η = .117, and thus no follow up pairwise com-
parisons were conducted.   
 
Results failed to identify a significant effect of Hazard Location on Hit rates, 
F(2,24) = 0.778, p = 0.293, η = 0.10, and thus no follow up pairwise comparisons 
were conducted.   
 
Finally, results failed to identify a significant interaction between Condition and 
Hazard location on Hit rate, F(4,48) =1.026, p = 0.404, η = .08, and thus no fol-
low up pairwise comparisons were conducted. 
 
No significant difference of interaction was found, hence all hazards independent 
of the Hazard location were equally easy or difficult to detect. 
 
Similarly was a 3 x 3 repeated measure ANOVA was conducted to investigate the 
effect of Condition (Baseline, Informative, Directional) and Hazard location (Left, 
Canter, Right) on Miss rate. Results failed to identify a significant effect of Condi-
tion on Miss rates F(2,24) =2.372, p =0.115, η = .165, and thus no follow up 
pairwise comparisons were conducted.   
 
Results revealed that for Hazard location on Miss rate, Mauchly’s test indicated 
that the assumption of sphericity had been violated, χ2(2) = 7.205, and therefore 
corrected values (Greenhouse-Geisser; ε) are reported. Results failed to identify a 
significant effect of Hazard Location on Miss rates, F(1.351, 16.210) = 0.377, p = 
0.611, η = 0.30, and thus no follow up pairwise comparisons were conducted.   
 
Finally, results indicated a significant interaction of Condition and Hazard location 
on Miss rate, F(4, 24) = 2.595, p >.05, η = .178.  

14.1.2 Reaction time 

Reaction time results, which were not presented in the report, were respect to the 
Hazard type and Hazard location. Following are these results presented in Figure 
15 and Figure 16 and after each graph follows their related statistical analysis and 
results.  
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Figure 15. Average Reaction Times with respect to the Hazard types Inside Vehicle, 

Moving Objects, Road Conditions and Other Vehicles for Baseline, the In-

formative display and the Directional display. Error bars display standard 

error of the mean, n=13. 

 
A 3 x 4 repeated measure ANOVA was conducted to investigate the effect of 
Condition (Baseline, Informative, Directional) and Hazard type (Inside Vehicle, 
Moving Objects, Road Conditions, Other Vehicles) on Reaction times. Results 
indicated a significant effect of Condition on Reaction time, F(2,18) = 0.507, p 
<.05, η = .033. Follow up pairwise comparisons for Condition on Reaction times 
revealed the following: 

- Baseline vs. Informative = marginally significant difference (p = 0.058), the 
Informative display resulted in a marginally significant faster Reaction time 
than Baseline 

- Baseline vs. Directional = no significant difference (p = 0.269) 

- Informative vs. Directional = significant difference (p =1.000) 
 
Results revealed that for Hazard type on Reaction time Mauchly’s test indicated 
that the assumption of sphericity had been violated, χ2(2) = 22.982, and therefore 
corrected values (Greenhouse-Geisser; ε) are reported. Results failed to identify a 
significant effect of Hazard type on Reaction time, F(1.279,11.509) = 2.765, p = 
0.118, η = .053, and thus no follow up pairwise comparisons were conducted.   
 
Finally, results revealed that for Condition and Hazard type on Reaction time. 
Mauchly’s test indicated that the assumption of sphericity had been violated, χ2(2) 
= 33.481, and therefore corrected values (Greenhouse-Geisser; ε) are reported. 
Results failed to identify a significant interaction between Condition and Hazard 
type on Reaction time, F(2.438,21.944) = 0.507, p = 0.645, η = .053 , and thus no 
follow up pairwise comparisons were conducted.  
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This result indicates that all hazards, independent on type of Hazard, resulted in 
equal reaction times.   

 

Figure 16. Average Reaction times with respect to Hazard locations Left, Centre and 

Right for Baseline, the Informative display and the Directional display. Er-

ror bars display standard error of the mean, n=13. 

 
A 3 x 3 repeated measure ANOVA was conducted to investigate the effect of 
Condition (Baseline, Informative, Directional) and Hazard location (Left, Centre, 
Right). Results indicated a significant effect of Condition on Reaction times, 
F(2,22) = 4.743, p < .05, η = .301. Follow up pairwise comparisons for Condition 
on Reaction times revealed the following: 

- Baseline vs. Informative = marginally significant difference  (p 0.058), the 
Informative display resulted in marginally significant faster Reaction Time 
than Baseline 

- Baseline vs. Directional = no significant difference (p = 0.251) 

- Informative vs. Directional = no significant difference (p =0.885) 
 

Results indicated a significant effect of Hazard location on Reaction time, F(2,22) 
= 4.364, p <.05, η = .284. Follow up pairwise comparisons for Hazard location on 
Reaction times revealed the following: 

- Hazard location left vs. Hazard location center = no significant difference 
(p =1.000) 

- Hazard location left vs. Hazard location right = marginally significant dif-
ference (p =.073), Hazards located on the left side was detected earlier than 
Hazards located on the right side 

-  Hazard location center vs. Hazard location right = no significant differ-
ence (p =0.226) 
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Finally, results failed to identify a significant interaction between Condition and 
Hazard location on Reaction times, F(4,44) = 1.751, p =0.156, η = .137, and thus 
no follow up pairwise comparisons were conducted. 
 
This result indicates that the left located hazards resulted in marginally faster Re-
action times compared to the hazards located on the right side.  

14.1.3 Detection accuracy 

The detection accuracy represented if the participant detected the correct hazard 
or not during the talk out loud task (Trial 3); investigating what hazard was detect-
ed.  The verbal responses were written on a protocol during the run and later digi-
talized where notes about it being the Right (R) or Wrong (W) response was 
made. The accuracy of the detection was summarized between conditions Figure 
17 and event Figure 18.   

 

Figure 17. Average score of correct recall performance at the talk out loud task (De-

tection accuracy) for Baseline, the Informative display and the Directional 

display. Error bars display standard error of the mean, n=14. 

 
A one-way repeated measure ANOVA was conducted to investigate effect of 
Condition (Baseline, Informative, Directional) on the Detection accuracy. Results 
failed to identify a significant effect of Condition on the Detection accuracy,  
F(2,26) = 0.855, p = .437, η = .06, and thus no follow up pairwise comparisons 
were conducted.   
 
All three conditions, driving without a system, the informative display and the 
directional display, resulted in the same amount of correct and incorrect respons-
es, indicating that the same amount of information were understood by the driv-
ers.  
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Figure 18. Average score of correct recall performance at the talk out loud task (De-

tection accuracy) with respect to the events/hazards occurring for Baseline, 

the Informative display and the Directional display. Error bars display 

standard error of the mean, n=14. 

 
A 3 x 5 repeated measure ANOVA was conducted to investigate the effect of 
Condition (Baseline, Informative, Directional) and Event (3004, 4003a, 4003b, 
2001, 1002) on Detection accuracy.  Results failed to identify a significant effect of 
Condition on Detection accuracy, F(2,26) = 0.855, p = .437, η = .06, and thus no 
follow up pairwise comparisons were conducted.   
 
Results revealed that for Event on Detection accuracy Mauchly’s test indicated 
that the assumption of sphericity had been violated, χ2(2) = 21.447, and therefore 
corrected values (Greenhouse-Geisser; ε) are reported. Results failed to identify a 
significant effect of Event on Detection accuracy, F(2.369,30.793) = 0.721, p 
=0.582, η = .05, and thus no follow up pairwise comparisons were conducted.   
 
Finally, results revealed that for Condition and Event on Detection accuracy 
Mauchly’s test indicated that the assumption of sphericity had been violated, χ2(2) 
= 56.394, and therefore corrected values (Greenhouse-Geisser; ε) are reported. 
Results failed to identify a significant interaction of Condition and Event on De-
tection accuracy, F(4.185,54.407) = 1.804, p =0.139, η = .12, and thus no follow 
up pairwise comparisons were conducted 
 
Since neither an interaction nor significant differences were found, all three condi-
tions made the driver understand the same amount of information independent of 
the present hazard.  

0

0,2

0,4

0,6

0,8

1

3004 4003a 4003b 2001 1002

C
o

rr
ec

t 
re

ca
ll

Event

Detection Accuracy
with respect to Event

BASELINE INFORMATIVE DIRECTIONAL



Appendix 

 

A84 

14.1.4 Workload 

Results relating to workload, which weren’t presented in the report covered the 
performance of the secondary 1-back task.  

1-back task performance 

The performance of the secondary 1-back task, where the participant repeats the 
number before the one just heard, was measured with the number of correct and 
incorrect recalls. A correct recall was saying the same number that was played be-
fore the one just said and an incorrect number was either to say the wrong num-
ber or not giving a response at all. Following are the results from the 1-back task 
presented and its related Statistical analyses.  

The total Correct and Incorrect Recall performances are shown in Figure 19 
whereas the separate type of correct and incorrect recall is presented in Figure 20 
and Figure 21 i.e. if the correct and incorrect responses were due to saying the 
correct/incorrect number or not giving a response. 

 

 
Figure 19. Average Correct recall performance of the 1-back task for Baseline, the 

Informative display and the Directional display. Error bars display standard 

error of the mean, n=14. 
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Figure 20. Average correct recall performance with respect to the type of correct re-

sponse; right number or no response, for Baseline, the Informative display 

and the Directional display. Error bars display standard error of the mean, 

n=14. 

 
Figure 21. Average incorrect recall performance with respect to the type of incorrect 

response; wrong number or no response, for Baseline, the Informative dis-

play and the Directional display. Error bars display standard error of the 

mean, n=14. 

 
A one-way repeated measure ANOVA was conducted to investigate the main ef-
fect of Condition (Baseline, Informative, Directional) on 1-back performance. 
Results revealed that for the Performance on the 1-back, Mauchly’s test indicated 
that the assumption of sphericity had been violated, χ2(2) = 7.979, and therefore 
corrected values (Greenhouse-Geisser; ε) are reported. Results failed to identify a 
significant effect of Condition on 1-back score, F(1.346, 17.5) = 0.243, p = 0.698, 
η = .018,  and thus no follow up pairwise comparisons were conducted.   
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The results show that all three conditions (Baseline, Informative, Directional) re-
sulted in the same ratio of correct and incorrect responses in the 1-back task, nei-
ther of the conditions made it easier or more difficult to carry out the secondary 
task.  

14.1.5 Driving performance  

In terms of Driving performance results concerning the Mean speed within each 
trial (Workload manipulation) are presented in this section as well as the total av-
erage of Standard Deviation of Lane Position and its variation within each trial.   

Speed 

The mean speed, being the average speed within a predefined distance of the road, 
varied for each Trial according to Figure 22.  So, by comparing the results from 
Trial 2 and Trial 4 can a possible effect of workload be shown since the workload 
were increased with the secondary 1-back task in Trial 4.  

 

Figure 22. Mean speed with respect to Trials for Baseline, the Informative display and 

the Directional display. Error bars display standard error of the mean, n=13. 

 
A 3 x 2 repeated measure ANOVA was conducted to investigate the effect of 
Condition (Baseline, Informative, Directional)) and Workload (Low, High) on 
Mean speed. Results revealed that for Condition on Mean Speed Mauchly’s test 
indicated that the assumption of sphericity had been violated, χ2(2) = 17.328, and 
therefore corrected values (Greenhouse-Geisser; ε) are reported. Results failed to 
identify a significant effect of Condition on Speed, F(1.115,13.385) = 1.490, p 
=0.246, η = .1, and thus no follow up pairwise comparisons were conducted.   
 
Results indicated a significant effect of Workload on Mean Speed, F(1,12) = 
7.251, p < .05, η = .66, follow up pairwise comparisons for Workload on Mean 
Speed revealed the following: 

0,00

2,00

4,00

6,00

8,00

10,00

12,00

14,00

16,00

18,00

20,00

22,00

24,00

26,00

Trial 1 Trial 2  Trial 3 Trial 4

Sp
ee

d
 [

m
/s

]

Trial

Mean Speed within each Trial

BASELINE INFORMATIVE DIRECTIONAL



Appendix 

 

A87 

- Low Workload vs. High Workload = significant difference p < .05, The 
average speed in the low workload trial was significantly higher than in the 
high workload trial 

 
Finally, results failed to identify a significant interaction between Condition and 
Workload on Mean Speed, F(2,24) = 0.528, p =.597, η = .04, and thus no follow 
up pairwise comparisons were conducted. 
 
There was no interaction of Condition and Workload on Mean speed, indicating 
that the same speed difference was held between the Conditions in both the high 
and low workload Trial. However, a significant difference was found in terms of 
Workload; the high workload trial resulted in slower mean speed compared to the 
low workload Trial, noted that it is independent of Condition. That is, all three 
conditions combined showed a slower mean speed in the high workload Trial 
compared to the low workload Trial.   

 

Lane position 

The Standard Deviation of Lane Position (SDLP) gives a value of how much the 
position within the lane varies compared to the average.  Following are the results 
from a whole scenario and within each trial shown, that is, the total average of 
SDLP for each Condition and how it varied within each trial. A comparison of the 
SDLP in Trial 2 and Trial 4 indicates on a possible effect of the Workload manip-
ulation.   

The total average from all participants is presented in total in Figure 23 and within 
trials in Figure 24 and after each graph follows the statistical analyses and results.  

 
Figure 23. Average Standard Deviation of Lane position for a whole Scenario for 

Baseline, the Informative display and the Directional display. Error bars 

display standard error of the mean, n=13. 
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A one-way repeated measure ANOVA was conducted to investigate effect of 
Condition (Baseline, Informative, Directional) on Standard Deviation of Lane 
Position. Results failed to identify a significant effect of Condition on Standard 
Deviation of Lane Position, F(2,24) = 2.184, p = .134, η = .15, and thus no follow 
up pairwise comparisons were conducted.  
 
There was no significant effect of Condition on SDLP, hence driving with or with 
or without a system did not affect the position within the lane, all condition re-
sulted in the same SDLP.  

 

 
Figure 24. Average Standard Deviation of Lane position within each trial for Base-

line, the Informative display and the Directional display. Error bars display 

standard error of the mean, n=13. 

 
A 3 x 2 repeated measure ANOVA was conducted to investigate the effect of 
Condition (Baseline, Informative, Directional) and Workload (Low, High) on 
Standard Deviation of Lane Position. Results failed to identify a significant effect 
of Condition on Standard Deviation of Lane Position, F(2,24) = 0.170, p = .899, η 
= .01, and thus no follow up pairwise comparisons were conducted.   
 
Results indicated a significant effect of Workload on Standard Deviation of Lane 
Position, F(1,12) =1.115, p <.001, η = .91, follow up pairwise comparisons for 
Workload on Standard Deviation of Lane Position revealed the following: 

- Low workload vs. High Workload  = significant difference (p < .01), The 
Standard Deviation of Lane Position in the Low workload trial was signifi-
cant higher than in the High workload trial 

 
Finally, results failed to identify a significant interaction between Condition and 
Workload on Standard Deviation of Lane Position, F(2,24) = 0.825, p = .450, η = 
.06, and thus no follow up pairwise comparisons were conducted. 
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There was no interaction of Condition and Workload on SDLP, indicating that 
the same Lane position difference was held between the Conditions in both the 
high and low workload Trial. However, a significant difference was found in terms 
of Workload; the low workload trial resulted in a bigger SDLP compared to the 
low workload Trial, noted that it is independent of Condition. That is, all three 
conditions combined showed a bigger variance of the position within the lane in 
the low workload compared to the high workload Trial.   


