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Sammanfattning 
De tekniska system som tävlar om förarens uppmärksamhet i bilar och lastbilar ökar både i antal 

och komplexitet. Detta kanske inte är ett problem på en rak, lugn motorväg men minskar fokus 

på själva körningen och om något oväntat skulle hända kan konsekvenserna bli allvarliga 

eftersom föraren är distraherad och kan behöva ta in för mycket information på en gång.  

Syftet med projektet var att utveckla ett system för att presentera endast relevant och önskad 

information till förare av lastbilar och bussar i kritiska trafiksituationer. Detta för att göra det 

möjligt för föraren att fokusera mer på körningen och därigenom göra den säkrare och 

bekvämare. Å ena sidan ska systemet upptäcka vilken typ av trafiksituation lastbilen befinner sig 

i. Å andra sidan ska det avgöra vilken typ av information som skulle vara relevant för föraren i 

den situationen. 

Med en litteraturstudie, insamlad statistik, intervjuer och författarnas åsikter som grund 

identifierades ett antal händelser (som telefonsamtal och förekommande varningar) som kan 

inträffa i förarhytten på en lastbil och hur mycket de vardera skulle öka förarens arbetsbörda 

(workload). Detsamma gjordes för ett antal vanliga trafiksituationer som kan betraktas som 

kritiska och kräver mer uppmärksamhet än att bara köra rakt fram. Dessa händelser och 

situationer betygsattes därefter utifrån hur mycket de skulle öka belastningen på de sinnen som 

används mest i en körsituation, nämligen: synen, hörseln, motoriken och kognitionen. 

Matriser gjordes i vilka uppgifter och situationer ställdes mot varje sinne med betyg vilket senare 

användes som grund för de tre koncept som utvecklades för systemet. 

Koncepten hette Jigsaw, Fever och Three’s a crowd och utvärderades i en workshop på Scania. 

De två första realiserades i form av prototyper som gjordes i programmet GUIDE. Logiken som 

byggdes upp i programmet bestod av tillståndsmaskiner och med boolsk logik samt if- och 

while-slingor. 

Nyckelord: Workload, lastbil, bilindustrin, trafik, kognitiv ergonomi, förardistraktion, 

informationshantering, HMI. 
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Abstract 
The technical systems that compete for drivers’ attention in cars and trucks are increasing both in 

numbers and complexity. This may not be a problem on a straight and sound highway but 

definitely decreases the focus on the actual driving and if something unexpected was to happen 

there could be dangerous consequences, due to too much distraction and information overload. 

The purpose of the project was to develop a system to present only relevant and desired 

information to drivers of trucks and busses in critical traffic situations, for the Swedish truck 

manufacturer Scania. This will enable the driver to focus more on the driving thus creating a 

safer and more comfortable driving situation. On one hand the system had to detect what type of 

traffic situation the truck is in. On the other hand it had to determine what type of information 

would be suitable for the driver in that situation.  

With a literature study, statistics, interviews and the authors’ judgments as a basis the project 

first identified a number of tasks (like phone calls and occurring warnings) that can take place in 

the cab of a truck and then assess how much they respectively would raise the workload of the 

driver. The same was done for a number of common traffic situations that were considered as 

critical and demanded more attention than just driving straight ahead. All these tasks and 

situations were graded on how much they would raise the load on the senses most used in a 

driving situation: visual, auditory, motor and cognitive. 

Matrices were made cross-referencing the tasks and situations with the grades on each modality 

and was used as the basis for the three concepts for the system that was developed. 

The concepts called Jigsaw, Fever and Three’s a crowd were evaluated in a workshop at Scania 

and the first two were realized in the form of prototypes which were made in the software 

GUIDE. The logic was made up of state machines and Boolean operators and if- and while-

conditions. 

Keywords: Workload, Truck, Automotive industry, Traffic, Human Factors Engineering, Driver 

Distraction, Information Overload, HMI. 
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NOMENCLATURE 

Following is a list of the abbreviations and some of the unfamiliar vocabulary that is used 

throughout the report. 

Abbreviations 

HMI Human-machine Interaction 

IVIS In-vehicle Information System 

ADAS Advanced Driver Assistance Systems 

HUD Head-Up Display 

ICL  Instrument Cluster 

LDW Lane Departure Warning 

SDS Scania Driver Support 

ISO International Organization for Standardization 

SAE Society of Automotive Engineers 

CAN Controller Area Network 

ACC Automatic Cruise Control 

ECU Electronic Control Unit 

 

Vocabulary 

Nomadic devices Portable devices like mobile phones and music players that can easily be 

removed from the vehicle. 

Tachograph Keeps track of the driver’s break schedule  

Instrument cluster The central display unit in Scania trucks and busses containing vehicle and 

engine speed gauges and a display. 

CAN  A bus standard used by many automotive manufacturers for communication 

between different vehicle systems. 

Modality  In this case, a way of describing how information can be transmitted to a 

human through different sensory channels (different modalities) e.g. vision 

and hearing. 

Workload Here, the relation between an individual’s capacity and the task demands. 
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1. INTRODUCTION 

1.1. Background 

The technical systems that compete for drivers’ attention in cars and trucks are increasing 

both in numbers and complexity. Except the instruments on the dashboard there is also radio, 

navigation equipment, cell phones, tachograph and various driver support systems, to name a 

few and automotive manufacturers today seem to be heading in the direction that more is 

better (see Figure 1). This may not be a problem on a straight and sound highway but 

definitely decreases the focus on the actual driving and if something unexpected was to 

happen there could be dangerous consequences, due to too much distraction and information 

overload. Information overload refers to when a person has a difficulty understanding an issue 

and making decisions because of the presence of too much information that serves as a 

distraction. 

 

Figure 1. The interior of a modern Scania truck with integrated GPS navigational equipment and a lane departure 

warning system among other things. 

At the same time many drivers see transportation time as waste and try to make the best use of 

it by making phone calls and sometimes even browse the internet with 3G devices while 

driving (Kompfner et al. 2005). 

These systems can provide information and alert the driver in numerous critical occasions but 

could also be a potential distraction, especially in dense traffic or at times of unfavorable 

weather conditions. The problem is that a lot of the systems communicate with the driver 

individually and if all systems want to attract the driver’s attention at the same time it could 

lead to information overload. 

In order to reduce the driver workload, critical traffic situations must first be identified and 

their impact on driver workload analyzed. Furthermore information that should be displayed 

for the driver must also undergo an assessment regarding workload. In order to do so both 

situations and informational messages have to be categorized and assessed according to a 
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number of criteria. By trying to define the situation the driver is in, both inside and outside the 

cab, his current workload could be estimated. Both the outside (traffic situation) and inside 

environment (distraction from systems in the cab) contribute to the overall workload of the 

driver which is why both areas needs to be taken into account when designing a system for 

Information Hold.  

1.2. Purpose 

The purpose of the project is to develop a system to present only relevant and desired 

information to drivers of trucks and busses in critical traffic situations. This will enable the 

driver to focus more on the driving thus creating a safer and more comfortable driving 

situation. 

This will be done by creating a system that has two separate tasks. On one hand the system 

has to detect what type of traffic situation the vehicle is in. On the other hand it has to 

determine what type of information would be suitable for the driver in that situation. 

The created system is to be realized in the form of a prototype which can be tested and 

evaluated. The following research questions will be aimed to be answered in the project: 

 How can driver workload be evaluated when the truck is moving? 

 Which situations and driving conditions are the most demanding? 

 How can critical traffic situations be detected? 

 How could a system that presents only relevant information in critical traffic situations 

be designed? 

1.3. Limitations 

The project will not include systems whose sole purpose is to interpret the mental and 

physical state of the driver. This is to facilitate the project and to put focus on the process of 

choosing and presenting information rather than evaluating the state of the driver.  

Because there are over 100 different warnings and messages that can be displayed in the truck 

today only a limited number has been covered during this project. They have been selected to 

represent a range from the most critical to the less important messages. 

The project will not cover systems or equipment which are not already in production at Scania 

or completed and scheduled to be implemented shortly. 

The project will not include haptic warnings that alert the driver through different forms of 

touch or movement. This is because those warnings would require additional technical 

equipment to be installed in the cab. 

The prototype created in the project will be developed for right-hand traffic to simplify the 

development process. This is partially justified by the fact that 72% of the world’s total road 

distance carries traffic on the right-hand side (Wikipedia 2010a) and that over 80% of the 

trucks manufactured at Scania are made for right-hand traffic (Scania 2010). 
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2. METHOD 

The first part of the problem was to detect traffic situations which were believed to have a 

negative impact on the driver’s workload. With the help of interviews, surveys and statistics a 

number of situations that were considered desirable to detect were listed. The impact was 

assessed by grading the different situations in relation to five categories in matrices. With the 

matrices as base different concepts were developed. To test the most promising concepts a 

prototype were made at the end of the project. 

Below is a map to illustrate the workflow of the project, Figure 2. Map over the projects 

workflow.. Each part will be explained further in the sections following the picture. 

 

Figure 2. Map over the projects workflow. 

2.1. Literature study 

In the literature study scientific papers were found through search engines as Google Scholar 

(2010) and the Transportation Research Board (TRB 2010). Some of the key words that were 

used when searching for information was: Workload, Truck, Automotive industry, Traffic, 
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Human Factors Engineering, Driver Distraction, Adaptive, Information Overload and HMI. 

The papers that were not accessible online were ordered through Scania’s library. 

Benchmarking was done by visiting websites of companies in the automotive industry. 

Current competitors and their systems were also investigated through press releases, product 

catalogues as well as scientific papers and projects where they participated.  

All information on Scania’s current systems for handling and displaying information came 

from interviews with employees, company documents and the Driver’s Manual which is a 

manual provided with the truck. 

2.2. Statistics 

To be able to decide which situations that were the most critical when it came to accidents, 

statistics from Sweden, EU, USA and Japan were studied. The data was accessed through 

various insurance companies and government agencies. 

2.3. Brainstorming & Workshops 

During the project brainstorming sessions were held regularly. In those the two authors would 

get in a room with paper, post-its and pens and talk about what the solution to the problem 

could be and how it could look. Pros and cons were discussed and drawings, mind maps and 

lists were made continuously. 

Halfway into the project three concepts had been developed which were displayed and 

analyzed at Scania in a presentation. The participants were employees from departments 

involved in the development of the instrument cluster and the rest of the driver interface. The 

instrument cluster is the display located directly in front of the driver and is where warnings 

amongst other types of information are displayed. It will de described further in section 2.8. 

In connection to the presentation a workshop was held where the participants were asked to 

discuss a couple of questions around the concepts in small groups. The groups then presented 

their individual thoughts and a large group discussion was held. 

2.4. Matrices 

In addition to the concepts, matrices were made where warnings in the instrument cluster 

(ICL), traffic situations and events that could happen in the cab (like phone calls) were given 

grades on how much they would raise the workload of the driver. These matrices were made 

as a result of the knowledge acquired during the literature study and what had been learnt 

when talking to people at Scania in relation to the project. The grades are based on the 

personal judgment of the authors and opinions from employees at Scania and do not represent 

an absolute truth. If the system was ever to be used every grade would have to be tested in a 

simulator and furthermore in the field. 

2.5. Concept selection 

The final concepts were chosen based on the opinions that surfaced during a mid-way 

presentation and workshop at Scania. Around 20 Scania employees participated. After holding 

a brief presentation about the project a workshop was held where the two authors gave the 
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participant questions about different problems regarding the project. The questions were 

discussed in groups of four to five people and one of them was about which concept that 

seemed to be the most promising.  

At the end a large discussion was formed including all participants and the two authors where 

the final conclusions from the workshop were summarized. 

2.6. Continuous testing of scenarios and logic 

During the development of the matrices simple tests were conducted. Traffic situations were 

paired with different stimuli, like phone calls or warnings, to find a suitable maximum level of 

load for each modality. This was done just to get a feel for the right levels and was not to lead 

to any final decisions on functionality. 

During the development of the logic for the prototype tests were conducted by trigging CAN-

signals through a local network at Scania. Signals were trigged with the software CANoe 

(Vector 2009) on one computer and received on the laptop where the prototype was created. 

2.7. Interviews, observations and survey 

In order to get the users, in this case the drivers, opinions of the current situation and a future 

system the two authors went on day long trips with truck drivers. Interviews were also 

conducted with two truck drivers at Scania and two drivers at the delivery firm DHL. The 

interviews were semi-structured
1
 and conducted during the trips. The drivers were asked 

questions about the technical systems in their vehicle and if they were ever perceived as 

distractions. They were also asked about what information they valued in specific traffic 

situations like urban traffic, highways or when driving through a roundabout or an 

intersection etc. 

The drivers were observed during these ride-alongs in regards to what driver support systems 

they used, how much and when they used their phones and other devices that might serve as 

distractions to the driving. 

Furthermore a survey was conducted where 19 drivers from Scania’s Transportlaboratorium 

participated. The drivers were asked what kind of information they found relevant in different 

traffic situations and which situations that they perceived as the most demanding. Questions 

about in which situations they used their hearing the most and which information they 

preferred to have transmitted via audio were also included in the survey to find out when it 

would be appropriate to use other sensory channels (auditory) than the visual to inform the 

driver. 

In the first part of the survey the drivers were asked to name the five most relevant types of 

information in a given context and to rank them according to importance. In the other part the 

drivers were asked to name three traffic situations they found demanding and arrange them in 

a decreasing level of effort. The ten most common answers from the first part were selected 

from each question, regardless of their rank to facilitate the evaluation process. From the 

second part the five most common answers were selected, also regardless of rank.  

                                                 
1
 A semi-structured interview has prepared questions but is conducted in a flexible way, allowing new questions 

to be brought up during the interview as a result of what the interviewee says. 
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The average age of the participants was 41 years and the average number of years they had 

been driving was 17 years. The youngest driver was 22 years old and the oldest 61. All drivers 

did not answer all questions and average number of respondents on each question was 15.  

To find out more about handling information in demanding situations an interview was 

conducted with a human factors specialist at the Swedish airline Malmö Aviation. The visit 

also included a tour of a cockpit and a demonstration of the safety systems. 

2.8. Hardware used 

To create the prototypes an already existing development platform at Scania consisting of a 

portable computer connected to an instrument cluster (ICL), Figure 3, with an integrated 

12,3” TFT screen was used. The screen was connected to the computer as a second monitor 

which made it possible to freely configure the view in the ICL via the computer.  

 

Figure 3. Illustration of the ICL2 used in the latest Scania trucks and busses. 

For the prototype to be able to communicate with the vehicle it had to be able to interpret the 

signals on the on-board network called CAN, Controller Area Network. CAN is a vehicle bus 

standard used by the automotive industry that allows on-board devices to communicate with 

each other. 

A custom coupling board used at Scania during the development of the current ICL was used 

to receive CAN messages and link them to the development platform via a RS232 connection. 

The signals were then interpreted by a plug-in program to GUIDE called EB GUIDE Studio 

Connectivity Extension. With the help of the plug-in CAN signals could be used to trigger 

events and change variables in the system model. It also contributed to determine which 

signals that should be used and how, given that there are a large number of different signals. 

In order to generate the CAN signals needed another computer was used, equipped with the 

software CANoe and a special PC-card. Detailed information about the CAN messages and 

their properties and possible values was found in specification a Scania’s internal network. 

When a specific CAN signal had been found its values could be transmitted via CANoe to the 

development platform to make sure that the desired effect was achieved. To facilitate the 

testing procedures a custom panel was made in CANoe where the values on those specific 

CAN signals that were used easily could be changed by the click of a button or by typing in a 

value.  
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2.9. Software used 

The programming and design of the user interface was done with the software EB GUIDE 

(Electrobit 2010). To trigger mock signals from the CAN-network the software CANoe was 

used (Vector 2009). 

To interpret the signals in GUIDE a plug-in program called EB GUIDE Studio Connectivity 

Extension was used (Electrobit 2010). 
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3. THEORETICAL FRAMEWORK 

In order to fully understand the surrounding issues of the project a literature study was 

conducted. This chapter presents the result of that study. 

In the last few years the amount of technology available in the average car or truck has 

increased significantly. This is no doubt leading to a larger quantity of information that has to 

be processed by the driver. Information which in most cases is greatly appreciated and can 

increase safety as well as create a more pleasant driving experience. 

However, in the field of automotive transportation a concern can be seen rising today for the 

possible drawbacks of the increasing amount of information that is available to drivers 

through various in-vehicle devices (Green 2000; Changxu, Omer & Yili 2008). The fear is 

that this will lead to an increased workload which in turn can lead to a raise in the number of 

accidents related to driver inattention. Statistics from Japan and the United States have 

already shown an increased number of accidents and incidents related to cell phone use and it 

is suggested that GPS navigation equipment have the same effect (Green 2000).  

Except Advanced Driver Assistance Systems (ADAS) and In-Vehicle Information Systems 

(IVIS) that is built-in by the truck manufacturers a lot of drivers have their own personal or 

professional devices with them in the truck, e.g. mobile phones, PDAs, GPS etc. These are 

often referred to as nomadic devices and are likely to distract the driver even more since they 

are not integrated with the rest of the vehicle. The use of nomadic devices is also increasing.  

Due to this situation there is lot of work done by the automotive industry to enhance the HMI, 

(Human-Machine Interface) in their vehicles. HMI has also become a new way of 

differentiating the company in the same way as design or luxury. As an example Volvo Cars 

has the goal to become the leading automotive manufacturer when it comes to HMI, 

(SEMCON 2010). 

3.1. Human Factors in transportation 

The key issue when it comes to information management in vehicles is to determine the 

sufficient level of information for the driver is in a given situation. To maintain a good 

situation awareness the driver must always be informed of what is happening, if that is not the 

case he might feel kept “out of the loop”.  The system could then be regarded as a “black box” 

whose function is unknown and unwanted by the drivers and would lead to that they do not 

want to use these kinds of systems at all (Singer 2002). At the same time it is also important 

to not present too much information to the driver as well, which requires that the information 

he receives is truly relevant. 

It all comes down to the main goal of human factors in transportation which is safety. Since 

accidents related to transportation are responsible for both major economical ramifications 

and personal tragedies every year it is of great interest to limit the number of accidents that 

occur. This relates to human factors because about 90 percent of all transportation related 

accidents can be linked to human error (Wickens et al. 2004). However, many times the 

erroneous actions are brought about by poor interfaces or work design. In the future, systems 

that communicate with the driver in the truck and their increasing number could be one of the 

factors in these accidents.  
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3.1.1. Human factors related to tasks 

Especially mobile phones have been considered to be the cause of many accidents. In a report 

by Redelmeier and Tibshirani from 1997 a study of 699 drivers made over 26 000 cell phone 

calls under a 14-month study period and it was found that the risk of collision was 4,3 times 

greater when using a cellular phone than when it was not being used. One might think that 

these numbers would be improved by the use of a handsfree but according to the same paper 

the risk of collision was almost as high with a handsfree as when holding the phone in the 

hand. In some countries it is in fact illegal to talk on a cell phone while driving without a 

handsfree. However an American study did not find that the use of cell phones have any 

significant impact on fatal accidents (Jarossi, Matteson and Woodrooffe 2010).  

There are other things that can distract the driver. According to Wickens et al. (2002) the most 

important resource to a driver is the primary visual attention lobe. It is the area in front of the 

car that extends from a couple of meters to a few hundred meters directly ahead. This makes 

the tasks that draw attention away from this area the most critical for driving safety. These 

tasks include navigating through menus in driver assistance systems, changing the radio 

channel, managing GPS, using a cell phone or simple things like talking to a passenger or 

eating.  

These tasks also occupy other senses than the visual. For example adjusting controls or 

making a call on a cell phone involves considerable motor activity. Similarly listening to the 

radio or talking in the phone takes up both auditory and cognitive resources. All these 

resources can interfere with the mind’s focus on the primary visual attention lobe and for 

example Recarte and Nunes (2002) (as cited in Wickens et al. 2004) found that cognitive 

tasks reduce drivers’ scanning of the road. 

Unfortunately most of the devices that cause the distractions mentioned above are so called 

nomadic devices which are often used without integration with the vehicle and can therefore 

not be monitored by an Information Hold system. Not considering if ways of detecting them 

existed, a list of potentially dangerous in-cab behaviors was made in order to identify 

situations and behaviors that were desired to be detected by the information hold system, 

Table 1. 

Making phone call (dial) Making phone call (via phonebook) 

Making phone call (voice dial) Talking in phone 

Write SMS (Holding phone) Read SMS (Holding phone) 

Turn on radio Change radio channel (preset) 

Change radio channel (tuning) Change track CD 

Change CD (manually) Listening to radio 

Listening to loud radio Confirm order from vendor 

Navigate in menus Change destination on GPS 

Browsing dashboard disp. menu Using other dashboard buttons 

Talking to passenger  

Table 1. List of potentially dangerous driver behaviours. 
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3.1.2. Modality as a tool for conveying information 

Early on in the project three main concepts were made, mostly differing in complexity. The 

first and most complex concept is based on the different senses in the brain and the fact that 

different types of stimuli are interpreted by a number of centers, see Figure 4.  

The idea that the human brain can be seen as a computer with a number of processor with 

distinct tasks, was presented by Changxu et al. (2008). This theory entails that the processing 

of information could be made more efficient if the input was directed to several processors at 

the time. It also means that one processor could be overloaded if all information is conveyed 

through that particular processor. 

 

Figure 4. Centres in the brain that control speech and language comprehension, motor control, sense of touch and 

vision.  

To fit this model all stimuli, like warnings and actions connected to the in vechicle 

entertainment or nomadic devices, were graded on what type of load they subjected the driver 

to. They were all graded in the categories visual load, auditory load, motoric load and 

cognitive load, (see Table 2). The first category is rather self evident since the sight is the 

most important sense used when driving. Auditory load is a consequense of the fact that a lot 

of warnings are paired with a sound and that hearing is the primary sense used for locating 

things. The survey conducted in the project also showed that there were traffic situations in 

which drivers used their hearing more than in others. Urban areas were where most drives felt 

they used their hearing the most. 

When discussing driver distractions they are often divided into eyes off the road, mind off the 

road and hands off the steering wheel, which is the reason for the two last categories, motoric 

and cognitive load. Some stimuli like texting or changing the radio channel require motoric 

actions that will direct the drivers focus from driving which can lead to a longer reaction time 

if a sudden evasive maneauer is necessary.  

The category cognitive load or mind off the road refers to stimuli that require a lot of mental 

processing which can lead to absent mindedness when it comes to the task at hand. This 

category is also affected by the level of experience that the driver has. A task that initially is 

very demanding might in time become quite rudimentary and even a reflex. According to 
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Rasmussen (1983) tasks can be categorised according to what kind of information processing 

they demand. A skill-based behaviour requires very little consious control to perform once an 

intention is formed in the mind. It is the type of behaviour described by the expression “like 

riding a bike”.  

Rule-based behaviour is when rules and procedures are used in a familiar surrounding. The 

rules can be acquired by experience or instructions given by a supervisor. The subject is not 

required to understand the underlying principles or causes of the behaviour. When it comes to 

a knowledge-based behaviour it refers to situations that require a more advanced level of 

resoning. Since the subject has to know the fundamental principles and laws of the system and 

form explicit goals, knowledge-based behaviour is associated with a greater cognitive 

workload than skill- or rule-based ones. 

Visual load Auditory load 

Motor load Cognitive load 

Table 2. List of selected modalities considered to assess the overall driver workload. 

3.1.3. Performance shaping factors (Internal, External, Stressors) 

Performance shaping factors are anything that could affect the overall performance of a task 

in a human-technology system. They are usually divided into internal factors, external factors 

and stressors. The internal factors are related to the person performing the task and what traits 

of his or hers that affect the way that the task is carried out. The most evident factors are 

physical conditions like age, physical fitness, vision, hearing and general health but mental 

factors like personality, attitude, motivation, stress tolerance and emotional state will also 

affect the performance. The external factors are those that will affect the human, like the 

environment and the conditions under which the task is carried out, and what tools he is given 

to work with. Stressors are the factors that will affect the actions and decision-making of the 

individual carrying out the task. They can be both physiological and psychological and range 

from vibrations and temperature to distractions and surprises (Osvalder & Ulfvengren 2008). 

How much information a driver can process differs from person to person. The idea was to 

find a reasonable level that could fit the majority of drivers and that also could be adjusted 

retrospectively. Experienced drivers are able to handle a complex situation and still have 

resources left for example talking on the phone.  

Driver age has also been used in several studies (AIDE 2008; Schlegel 1993), and it has been 

shown that older drivers have longer reaction time and have a harder time to perceive visual 

information. On the contrary according to American statistics (Jarossi, Matteson and 

Woodrooffe 2010) driver age seems to be irrelevant for accidents involving trucks, which also 

was the conclusion in a report by Changwu Wu et. al. 2008.  

Another performance shaping factor would clearly be if the driver was intoxicated. If this 

could be detected, perhaps by wide or swerving steering wheel movements, maybe accident 

could be avoided. 

When it comes to driving a truck all of the factors mentioned above will affect performance 

and could therefore be thought to impinge on the level of workload that would be suitable for 

any particular driver. Most of them would be hard for a system based on the signals available 

in a truck to detect, but with the help of the advanced driver systems available today at least 

three major contributing factors would be of interest to look into (see Table 3). 
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Driver skills Driver age/style 

Driving under influence  

Table 3. List of selected performance shaping factors when driving. 

These additional parameters were introduced to help adapt system for different drivers, and 

were used to increase or decrease the maximum load levels allowed in a given situation. 

3.2. Measuring workload 

In the field of human factors and cognition a number of different methods are used to estimate 

workload, but most of them are designed to be used in experiments under special conditions 

and none of them is suitable for use in the cab while driving. Many of them also requires a 

test leader that constantly asks questions about how the driver perceives the situation he is in. 

Some studies in the area have solved the problem by using advanced methods to monitor the 

driver, like eye-tracking cameras and heart rate sensors. Although the way in which these 

methods estimate workload were a useful inspiration in designing the Information hold 

system. 

To be able to estimate driver workload continuously while driving, without the help of direct 

measurements, classification tables were used. By the use of the tables the workload was 

anticipated in advance for a given task in a given situation. Thus all selected environmental 

and inside factors that could contribute to raise or lower the driver’s workload were classified 

(see chapter 6) according to their impact on driver workload.  

The task of estimating workload is particularly complex since most people can imagine the 

meaning of the word but few of them would be able to specify what characterizes it. How 

someone perceives a task or assignment can differ from person to person and is dependent on 

mental and physiological abilities and experiences. What is perceived as demanding for one 

person might be regarded as easy for another. 

”In one sense, mental workload is an expression of the demand that a task places on an 

individual and the individual’s capacity to meet this demand and produce an acceptable level 

of performance.” (Schegel 1993) 

It is safe to say that there are a number of parameters that affect workload, both internal and 

external and that there is no unequivocal way for how it should be measured. Yet a lot of 

methods have been developed to try to give a fair estimation of perceived load. Hence today 

most scientists seem to recommend a combination of several methods suitable for the specific 

task that is going to be evaluated (Schlegel 1993). 

3.2.1. Subjective methods 

One of the easiest and perhaps best ways of estimating workload is to ask the person 

performing the task how he perceives it. On the other hand the results can be difficult to 

compare between tests since all people make estimations based on their own values and 

experiences. Despite the fact of individual differences among test subjects some methods are 

able to generate relatively fair evaluations on workload. 
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At the same time it is important to ensure that the current method used does not interfere with 

the task that it is set out to evaluate. It is absolutely central when it comes to mental workload, 

as in the case with driving. This is often solved by letting the subjects first perform the task 

and then evaluate it afterwards, sometimes with the aid of a video recording to help them 

remember. 

3.2.2. NASA-TLX 

One of the most frequently used method for evaluating workload is NASA-TLX, Task Load 

Index, originally created by NASA for use in the aviation sector. However it has proved to be 

useful under other circumstances as well. 

NASA-TLX is a multi dimensional method which measures the total workload in six sub 

scales, (Appendix 1), each weighted to reflect their impact on the overall experience. By 

breaking up the total experience into components the problem with people tending to interpret 

scales differently is reduced. The grades on the various sub scales with weights are added to a 

final rating that hopefully gives a fair estimation on the perceived load. 

The method can be used with paper and pencil or with a computer program and has a good 

resolution (capable of measuring small variations in workload). Thus the six sub scales can be 

challenging to use simultaneously with the current task being measured and it is therefore 

often used afterwards. (NASA-TLX: Task load index 2008) 

3.2.3. SWAT  

Another commonly used assessment tool is SWAT that stands for Subjective Workload 

Assessment Technique. Just like NASA-TLX, SWAT is a multi dimensional scale for 

estimating workload, but uses only three sub scales. The three sub scales represent different 

dimensions and their effect on workload is classified in agreement with the participants of the 

test.  

Nevertheless it has been criticized for poor sensitivity especially when measuring low 

workload and mental workload.  

3.2.4. Modified Cooper-Harper Scale 

The modified Cooper-Harper Scale (MCH) is a one dimensional assessment tool for mental 

workload that uses a flow chart and is based on the statement that there is a direct correlation 

between task difficulty and workload. By asking questions on how the subject perceives the 

task a workload level on a scale from 1 to 10 is obtained. This makes analyzing easier than 

with multi dimensional scales. It has also been shown that MCH often correlate with both 

NASA-TLX and SWAT (Friberg 2009).  

3.2.5. Objective methods 

Many attempts to find objective methods for assessing workload have been tested in several 

studies, often together with subjective tools like NASA-TLX. Even though objective methods 

can provide a continuous stream of data they have proved to be insensitive to small variations 

in workload and also difficult to handle (Schegel, 1993). Furthermore many of the techniques 

require the subject to be attached to monitoring devices by the use of electrodes or other 

sensors, which usually is inconvenient for the subject. Some of the physiological methods that 
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has been used to estimate workload are, GSR – Electrodermal, ECG – Electrocardiograph, 

EEG – Electroencephalograph, EOG – Eye movement, and analysis of body fluids (Friberg 

2009). They are not discussed further here since they are outside the scoop of the project. 

3.2.6. Performance 

One way of using an objective method in a way that is less invasive is to perform Primary 

Task Studies. The main task performed by the subject is analyzed, in the case of Information 

Hold, driving the truck. For example the driver's ability to stay within the lines or keep a 

distance to the vehicle ahead could be measured and evaluated. 

Another way to measure performance is through a Secondary Task Study in which the subject 

is given a secondary task to carry out while also performing the primary one. By evaluating 

the performance on the secondary task it is possible to study how much mental capacity the 

primary task claims. However it is important to choose a secondary task that occupies the 

same senses as the primary task (Schlegel 1993). 

3.3. Current scientific research 

In the European Union more and more regulatory requirements are issued to vehicle 

manufacturers to install a variety of safety systems. When it comes to legislation the first 

vehicles affected are in general commercial vehicles like trucks and buses and thereafter 

passenger cars.  

Along with the new demands a lot of scientific projects have been started to try to anticipate 

how the driver will react to the increased number of systems and devices and what can be 

done to improve the situation. There is a fear that the positive effect of the new safety systems 

will be diminished or reduced by the fact that the driver workload might increase (AIDE 

2008). Therefore a lot of these projects have been focused on the integration of various 

systems into a centralized information manager that will help reducing the driver workload 

(AIDE 2008; IVSS 2008). 

The European Collaborative project AIDE set out to investigate the ramifications of these 

systems including In-Vehicle Information Systems (IVIS), and Advanced Driver Assistance 

Systems (ADAS) as well as nomadic devices. The objectives of the project were threefold and 

included the development of a model for prediction of behavioral effects of ADAS and IVIS, 

a generic industrially applicable methodology for the evaluation of human-machine interfaces 

with respect to safety and to design, develop and evaluate a number of ways to integrate these 

systems into modern cars and trucks. All this was developed through a series of subprojects. 

However due to the nature of the project all results were not made official since many of the 

participating companies wanted to be able to make competitive benefits from the 

collaboration. 

Both in the reports from the AIDE project (Adaptive Integrated Driver-vehicle Interface) and 

among other experts there is a tendency to try to use multiple human senses to transmit 

information. Despite the fact that driving is mostly a visually demanding task almost all 

information in the driver’s cab today is transmitted visually thus increasing the load on the 

visual sense. Since humans have limited cognitive resources we are soon in need of help to be 

able to cope with all the information available, (Davidsson 2009; IVSS 2010). There has been 

several studies conducted with an increased share of the information through both haptic and 

aural channels but no current solution is available on the market (AIDE 2008). However both 
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drivers
2
 and experts states that sound should be used with caution since it could easily be 

perceived as annoying (Davidsson 2009). 

According to Davidsson (2009) there are five different ways to reduce the workload of a task. 

These are to reduce the amount of information that has to be processed, to move tasks in time 

to take place at a less busy time, to acquire more resources for example by automation, to 

change the modality that is stimulated by the information or to carry out the task in an inferior 

manner.  

He also suggests that a very low workload also can be a problem sometimes (Davidsson 2009, 

p. 66). A low workload can lead to reduced awareness and thus a prolonged reaction time if 

something sudden occurs, (Figure 5). He therefore proposes that small tasks or bits of 

information could be given in times of low stimulation to prevent the workload level from 

becoming too low. 

 

Figure 5. It is suggested that a raise in workload can help the driver prepare for an upcoming sudden event 

(Davidsson 2009). 

This is also confirmed in Yerkes-Dodson law which was purposed as early as 1908. Although 

it is very old is has held up through time in numerous studies. The theory states that 

performance is elevated with arousal up to a certain point known as the Optimal Level of 

Arousal (OLA) and then subsequently decreases as the arousal elevates, Figure 6 (Wickens 

2004). An interesting thing is that the OLA is higher for simpler tasks than for more complex 

ones. Of course the same task can be perceived as simple or complex depending on the skills 

of the person carrying them out. 

 

Figure 6. Yerkes-Dodsons law states that performance is elevated with arousal up to a certain point which is 

called the Optimal Level of Arousal. 

                                                 
2
 Drivers at Scania LP, (Långtidsprovningen), Interviews 4

th
 of May 2010. 
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Despite Davidsson’s concerns about low workload most of the research in the area of 

information management in vehicles states that too much information is the problem. 

Although there are not many that present a satisfactory solution, there are some research 

which contains interesting ideas. The most interesting where those that claimed it is possible 

to speed up the information perception process by using the body’s different sensory channels 

and their unique properties. Certain types of information are perceived faster or slower 

depending on which sensory channels that are used. For example by sending a message that is 

best perceived by the aural channel by sound the information can be acquired more quickly. 

In combination with mathematical scheduling methods the right information can be sent to the 

right sensory channel and the information rate can thus be optimized. According to research 

by Wu, Tsimhoni and Liu (2008) this will also reduce the perceived workload since the 

information is divided among several senses. Another benefit is that this enables a larger share 

of information to be perceived in a shorter time which will in turn increase the time the driver 

can focus solely on the road.  

When dividing information between different senses, Wickens (1984) model for Multiple 

Resource Theory should also be taken into account, Figure 7. According to the model 

information processed by different senses is less likely to involve conflicting resources.  

If information processed by one sense is of different type than the information processed by 

another they may be less likely to be conflicting. As an example, it would not be beneficial to 

stimulate both the auditory and visual sense verbally at the same time. It is like trying to read 

and listen to spoken instructions at the same time. In the same way one would not want to 

have the driver looking for a sign at the same time as he is trying to locate the origin of a 

warning sound. 

 

Figure 7. Wickens Multiple resource theory suggests that if information processed by one sense is not of the 

same type as information processed by another they may be less likely to cause confliction. 

Another way to view the acquiring of information in the brain is to see it as a processor that 

takes longer to process information depending of its current workload (Wu, Tsimhoni and Liu 

2008). Ample research has suggested that the brain consists of units processing different kinds 

of information which in turn are connected by neural pathways, see Figure 8. In this way the 

brain can be regarded as a queuing network and thus mathematical models of that can be 

applied to optimize the processing time. One of these is Johnson’s rule which was developed 
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to minimize makespan in manufacturing when two machines or processes are arranged in a 

serial manner (Wikipedia 2010b).  

 In an experiment this way of thinking was applied to a test subject driving a car and 

performing a secondary task at the same time and it was found that the system indeed 

increased the effectiveness by reducing driver workload. 

 

Figure 8. Schematic picture over the Queuing Network-Model regarding the human brain as a number of 

processors connected by neural pathways. 

3.4. Standardizations and general agreements 

There have been some efforts to reach a consensus on how various information management 

systems should work to be able to present a general solution that can be used by several 

automotive manufacturers (AIDE 2008; Wex, Jalics and Szczublewski 2008; IVSS 2009). 

Besides various research projects targeting technical solutions, different organizations are 

trying to create standards on how these systems should interact with the driver and how 

different types of information should be classified to facilitate for drivers when changing 

vehicles.  

In the European Union a commission is working on HMI and has presented recommendations 

for safe and efficient in-vehicle information and communication systems in a Statement of 

Principles - ESoP (Commission of the European Communities 2006).  

The International Organization for Standardization (ISO) has a technical specification, 

ISO/TS 16951, on procedures for determining priority of in-vehicle information presented to 

the driver. The latter has been adopted by a project, including Mercedec-Benz and Delphi 

automotive systems, developing a HMI priority scheme in a multi-application environment 

(Wex, Jalics and Szczublewski 2008). The Society of Automotive Engineers (SAE) has also 

proposed their 15-second Rule standard for the ISO which states that no in-vehicle task 

should take longer than 15 seconds to perform (Green 1999). 

None of these standards have yet been associated with legislation. 
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4. CRITICAL DRIVING SITUATIONS 

In order to build a system that manages information in critical traffic situations a necessity 

was to know which situation have proven to be most accident prone. In order to reveal this 

statistics were reviewed.  

4.1. Traffic situations 

When it comes to interpreting traffic situations some work has already been done at Scania by 

the introduction of Scania Driver Support (SDS). SDS is made to help drivers drive more 

efficiently and gives feedback on how they can improve. This is done by monitoring the 

acceleration pedal position, brakes, current gear and other parameters in the truck to 

determine what kind of traffic situation the driver is in and how he handles it. The system 

only works for a predetermined number of situations and features an adaptive information 

management part which delays feedback notifications if the driver is in a “critical” situation. 

Even if SDS presents a solution on how to identify some traffic situations its purpose is not 

the same as the one of the “Information Hold” system and the list of predetermined situations 

needed to be extended and adapted to suit the new requirements that is introduced with 

Information Hold.  

Some additions came from statistics from insurance companies and according to recent 

statistics from Trygg-Hansa the truck is the responsible party in about 60 % of all truck 

accidents (Trygg-Hansa 2009). However a major part of the accidents consist of collisions 

with parked vehicles and during 2009 almost 3 cars per day were hit by a truck on average. 

After accidents with parked vehicles rear-end collision and lane changes are the most 

common types of accidents in which trucks are involved, Figure 10. It is safe to say that they 

all can be referred to the blind spot on the truck, i.e. where the driver cannot see approaching 

vehicles or other obstacles, Figure 9. 

 

Figure 9. A truck's blind spots where the driver is unable to see other vehicles or other obstacles. 
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Figure 10. Accidents caused by trucks in Sweden in 2009. 

The same pattern can be seen in statistics for overall accidents involving trucks in Sweden 

between 2005 and 2009, Figure 11. 

 

Figure 11. Accidents involving trucks in Sweden between 2005 and 2009. 

Opinions from the survey were also taken into account when choosing which critical traffic 

situations. When asked what situations the drivers perceived as demanding frequent answers 

were intersections, roundabouts and highway entrances and exits.  

A number of situations that were considered desirable to detect were listed, Table 4. They 

were thought to be both potentially dangerous with respect to traffic safety and to cause a 

raised workload for the driver, which in turn could compromise traffic safety. 

Intersection left Intersection right 

Roundabout Takeover 

Changing lanes Highway entrance 

Highway exit Close to collision 

Sudden brake use Sharp curves 

Hill climbing Right turn 

Left turn Reverse 

Table 4. List of situations with increased risk regarding traffic safety. 

Collision with parked vehicles

Changing lanes

In reverse collision

Rear-end collision

Rights of way

Head-on collision

Left turn

Roundabout collision

Right turn

Others

Rear-end collision
One party accidents
Intersecting
Head-on collisions
Bikes/mopeds
Turn of the road accidents
Overtaking
Pedestrians
Animals
Rail vehicles
Others
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4.2. Environmental conditions  

Also a number of other parameters, like traffic density and the state of the road were required 

to make a fair evaluation of the current driver workload. These parameters were described as 

environmental conditions and were used to increase or decrease the workload in a given 

situation. 

According to statistics of fatal accidents involving trucks from the USA (Jarossi, Matteson 

and Woodrooffe 2010) it has also been shown that two out of three accidents occur in daylight 

but the source does not specify the numbers in relation to traffic density. 80 % of the 

accidents does also occur during good weather conditions with clear view and dry roads, 

again, not in relation to traffic density, Table 5. 

 

Table 5. Fatal crashes involving trucks in the USA during different environmental conditions. 

In the part of the conducted survey concerning demanding driving situations slippery roads 

was the most common answer, both in terms of required attention and in terms of required 

driving skills. Driving in cities was also perceived as strenuous and was translated into Dense 

traffic, which was considered to present the same challenges as urban traffic would. Poor 

visibility, High speed and Pedestrians were also chosen because of the serious consequences 

accidents under these conditions would cause.  

The different environmental conditions that were chosen are presented in Table 6. 

Poor visibility Slippery roads 

Dense traffic High speed 

Pedestrians  

Table 6. Environmental conditions regarded to increase the risk of accidents. 

  

Light conditions Surface conditions Weather conditions

Daylight 3214 64% Dry 4098 81% Clear/cloudy 4287 85%

Dark 1192 24% Wet 625 12% Rain 386 8%

Dark but lighted 463 9% Snow or slush 169 3% Snowy 198 4%

Dawn 123 2% Ice/frost 129 3% Fog/Smoke 115 2%

Dusk 54 1% Unknown 14 0% Sleet 30 1%

Unknown 3 0% Other 8 0% Crosswinds 18 0%

Total 5049 Water 3 0% Unknown 10 0%

Sand, dirt, mud 2 0% Blowing sand, dirt 5 0%

Oil 1 0% Total 5049

Total 5049
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5. CURRENT TECHNOLOGIES 

5.1. Benchmarking 

As described in the section Current Scientific Research there is a lot of development in the 

area of information handling in the scientific community. But while most research tends to 

focus on testing and exploring the need for such a system some companies in the automotive 

industry have actually implemented solutions for information management. Scania is not one 

of them but has indirectly started the path towards a system for Information Hold with Scania 

Driver Support, a driver grading system that gives tips on driving technique and fuel 

consumption. 

5.1.1. Current information management in Scania vehicles 

There is little work done today at Scania concerning the management of information from 

different devices or applications. The ICL2 used in the latest Scania trucks is capable of 

handling three levels of messages depending on how critical the information is. The different 

levels are distinguished by different colors; red for alarms that can cause serious vehicle 

damage or compromise traffic safety, yellow for warnings or active functions and white for 

informational messages regarding non-critical vehicle status. Red messages have the highest 

priority and are displayed over yellow which in turn are presented over white messages. 

However each message is always display for at least two seconds when the arise and are the 

place in the previous mentioned order. 

The ICL2 also includes a messages queue and saves all messages postponed by a message of 

higher priority. This way the driver never misses any information since it is just delayed until 

the most serious ones have been acknowledged. The ICL2, depending on version, can also be 

integrated with the radio and the tachograph. Depending on which radio the truck is equipped 

with, mobile phones and navigation can also be integrated in the ICL2.  

The most advanced system at Scania today, when it comes to adapting the information 

handling to the current situation, is Scania Driver Support which assists the driver in 

improving his driving skills. The driver’s behavior in a number of predefined situations is 

evaluated and afterwards he receives a score on how well he has performed in that specific 

situation. If there are areas in need of improvement they also receive tips to on how to 

perform better next time. To be able to analyze the driver’s performance the system needs to 

recognize the different situations and it is also programmed to delay driving tips during some 

driving situations considered extra demanding.  

5.1.2. Scania’s competitors 

There are currently no other truck manufacturer, that the authors know of, that has 

implemented an adaptive information management system but several companies seem to 

conduct research in the area. Today Scania is one of the leading manufacturers when it comes 

to displaying information, and can offer their customers a 6,5” full color TFT display in the 

top version of the current (2010) instrument cluster, ICL2. This has made it possible for 

Scania to introduce new features such as the SDS, which seems to be much appreciated. 

However when it comes to adapting warnings and messages there is little done and companies 

like Volvo Trucks have already made working prototypes of information managing systems 

capable of handling mobile phones and other nomadic devices (AIDE 2008). In fact, Volvo 
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Cars launched a similar system called IDIS (Intelligent Driver Information System) already in 

2003.  

5.1.3. Volvo IDIS 

Volvo’s information manager, IDIS is capable of handling and prioritizing information in 

critical situations and consists of a monitoring unit and an application coordinator, see Figure 

12. The system operates in the following order. A request is sent, from an application to the 

application coordinator with an attached vector containing information on importance, type, 

duration and a specification of the requested HMI resources. When the driver for example is 

performing a takeover the system will automatically delay incoming phone calls until the 

workload has decreased to an acceptable level. The system does not require any additional 

sensors, instead it gets its vehicle information through the cars CAN network from for 

example speed and steering wheel movements. Volvo is now working on the next generation 

of their system that will be able to handle information from several types of sensors and 

devices, including soon to come advanced driver assistant systems like eye and head tracker 

(Broström et. al. 2006). A key feature is that all applications and devices are able to share 

output resources such as displays and speakers. 

 

 

Figure 12. Volvo IDIS, the HMI resources are shared between in-vehicle applications and nomadic devices. The 

Application Coordinator centrally manages the information flow in the whole vehicle. 

5.1.4. Saab Dialog Manager 

Another Swedish car manufacturer, SAAB, is also among those who have been trying to solve 

the rising problem with information overload. In 1994 the company introduced a “black out” 

button in the model Saab 900, that blacked out all displays except the speedometer and in 

1998 they launched a dynamic workload estimator. Since then SAAB has continued to 

develop their system and did recently participate in the research project IVSS (Intelligent 

Vehicle Safety Systems) along with the University of Linköping. The result was a 5 state 

workload estimator that could delay or cancel information regarding infotainment or other 
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noncritical systems when the driver was considered to be under a lot of stress. As in other 

examples high priority messages are always allowed though. The system was also able to 

identify traffic situations that required special attention from a certain sense (usually visual) 

and would transfer the important information to another sense (aural) (IVSS 2008). 

5.1.5. Mercedes-Benz Cars 

Mercedes seems to be working on adaptive information systems as well even if no detailed 

reports have been found on how they intend to solve the problem. They appear to be taking a 

wider approach and foresees a more open platform for most automotive HMI system with the 

ability to download applications and interfaces even after the car is bought. By using the 

proposed ISO standard 16951 they want to be able to use the system in vehicles from 

numerous manufacturers, which puts high demands on scalability and adaptive systems (Wex, 

Jalics and Szczublewski 2008).  

The information is prioritized according to a set of parameters, like Criticality, Urgency and 

Scenario. They also use User request for menus requested by the user and Relevance to be 

able to fine tune the priorities. Each application has to provide the HMI manager with 

information of the priority value when sending a request to use the output resources (usually 

displays and speakers). A delay for the display time for each message is set and if more 

messages are pending they are put in a priority queue. New requests are compared with, the 

message currently displayed and the rest of the queue, and is then either displayed or put in 

appropriate order in the queue depending on its priority value.  

5.1.6. BMW 

In a research project involving the Institute for experimental Psychology at Regensburg 

University and the BMW Group another system for reducing driver’s mental workload was 

developed (Pienchulla et al. 2003). The project focused on developing a system for assessing 

driver workload according to predetermined traffic situations and driver assistance systems in 

the car. An interesting aspect of the system was its ability to predict the driver workload in 

advance by using GPS data and a look-up table where estimated workload for different 

locations/situations could be found. 

By the use of a scheme with logic gates the workload was multiplied by different factors 

depending on situation and the use of different driver assistant systems. For example if the car 

was approaching an intersection the current workload was multiplied with a factor of 1.1, (see 

Figure 13). The estimated workload was then determined to be low enough to allow a cell 

phone call to come through.  
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Figure 13. Flowchart for BMW’s system for assessing driver workload. 

An experiment was conducted where test subjects had to drive a predetermined course under 

three different conditions, one without driver assistance, one with Active Cruise Control 

(AAC) and Heading Assistance (HC, helps the driver to stay in the lane) and one with ACC, 

HC and adaptive phone behavior where calls were forwarded to voice mail if the drivers 

workload was over a threshold value. The call rejection ended up not allowing 54 out of 64 

calls in one instance and the results on presumed reduction of the workload in the third 

condition were not significant. 

5.1.7. Toyota 

In a paper form Toyota Japanese researchers (Uchiyama et al. 2002) are focusing on driver 

workload and voice messages. To make sure that the driver is not distracted by messages an 

adaptive controller was developed to only allow interaction with the driver when the workload 

was low. The controller was given inputs from different in-vehicle information services and a 

workload estimator. The workload was determined by monitoring different car parameters 

like accelerator pedal position, steering wheel angle and speedometer which all are available 

in most modern cars. By studying how well different test people could manage a secondary 

task while driving, and at the same time record data from the car sensors the scientists could 

conclude that the release of the accelerator pedal gave the most significant correlation to high 

workload. The increase in workload was assumed to be valid for 5 sec and during that time all 

voice messages were delayed. According to their results the system was suggested to give a 

noteworthy effect on reducing driver distraction. 

5.1.8. Ford 

In order to limit driver distraction Ford has chosen a somewhat different path than other car 

manufacturers. With their system SYNC all nomadic devices like cell phones and mp3-

players as well as turn-by-turn directions from GPS and traffic alerts has become voice 
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controlled (Ford 2010). When a cell phone or mp3-player is connected to SYNC either by 

Bluetooth or wire it becomes manageable by voice commands like “call name” or “play 

song”. It can even read received text messages with a digitalized female voice called 

Samantha.  

Another interesting feature is that it automatically makes a 911 call if the car is in a serious 

accident and the airbags are deployed. To limit unnecessary turn outs the driver has a ten 

second window in which he can cancel the call from when the service is activated. 

5.1.9. Trends in the automotive industry 

There is also a trend among car developers to concentrate all the in-vehicle HMI to one panel 

often including a multifunctional control device, which requires a large flexible display unit in 

front of the driver, (e.g. dashboard display or Head-Up Display, HUD), see Figure 14. 

 

Figure 14. In-vehicle displays of Volvo’s S60, the larger one in the middle can be used be several in-vehicle 

systems. 

5.1.10. The aviation industry 

A field where HMI and information management have been central areas of concern for a 

long time is the aviation industry. There are well developed processes for handling the 

extensive amounts of information that a pilot has to be in control of. Before takeoff and 

landing the pilots have memorized workflows to check for errors and help them to prepare. 

There used to be checklist where everything was ticked off but now a day airlines strive to 

work with routines that are learned by heart to save time and increase security. 

In the air there are always two pilots in the cockpit – one in charge of flying the plane and one 

monitoring pilot. During landing and takeoff when the plane is below an altitude of 10.000 

feet the pilots are not allowed to talk about anything else than the task at hand and the main 

pilot is not to do anything but actually fly the plane. If he is in need of additional information 

or wants to adjust non critical flight parameters he asks the monitoring pilot for assistance. 

This procedure is called Sterile Flight.  

Under these occasions certain warnings are not allowed through to the pilot in order for him 

to maintain focus on the flight. The warnings are displayed as soon as the plane reaches 

12.000 feet which takes about one minute. 
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During the rest of the flight the cockpit is managed according to the philosophy called Black 

Cockpit. It is about only displaying information and gauges which are crucial for the pilot at 

that instance. To some extent the pilot is free to decide for himself what is displayed. 

5.2. Signals and systems used for detecting traffic 
situations and driver condition 

Since it was decided not to use any system that currently was not available or used at Scania 

today most of the methods for detecting different traffic situations and environmental 

conditions were based on systems and CAN signals already existing in the trucks. By only 

using a handful of the CAN signals present in modern trucks it was deemed possible to detect 

most of the desired scenarios. As an example steering wheel angle can be used to detect when 

a bus leaves a bus stop (see Figure 15) and a takeover can be characterized by indicating left 

at the same time as the truck accelerates. 

 

Figure 15. Logging a bus leaving a bus stop generates the specific graphs as seen above. The upper one shows 

steering wheel angle and the lower shows vehicle speed. 

In a modern Scania truck there can be as many as 25-30 electronic control units (ECU) that 

receive and transmit information through three different CAN buses; red, yellow and green, 

depending on the content. The red bus contains the most critical messages regarding engine, 

gearbox, and brakes and is always given priority over the others.  

The ICL is today only connected to the radio and the yellow bus which limits the number of 

messages that it can receive from other ECUs on the red and green buses. To receive 

information from the other buses it has to be gated to the ICL through the Coordinator which 

is the only ECU connected to all three buses.  

However some systems currently not present in Scania vehicles were also regarded as well 

since they were needed to detect scenarios that no other systems could. A list of systems and 

signals that were considered important for the functionality of the Information Hold system 

were therefore created (see Table 7).  
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GPS Steering wheel angle high  

Steering wheel angle low  Direction indicator left  

Direction indicator right  Throttle use  

Clutch use  Brake use  

Retarder use  Gear up  

Gear down  Gear reverse  

Velocity high  Velocity low  

Longitudinal acceleration  Longitudinal deceleration  

Lateral acceleration Left  Lateral acceleration Right  

Vertical acceleration  Engine torque high  

Engine torque low  Fuel consumption high  

Lights (Fog or extra lights)  Time of day/year  

Temperature  Weight  

Radar vehicle detection  Radar no vehicle detection  

Anti-lock Braking System, ABS Electronic Brake System, EBS 

Traction Control, TC  Blind spot warning system 

Vulnerable Road User Detection, VRUD Lane Departure Warning system 

Table 7. Systems and parameters used to detect traffic situations and environmental conditions. 

In order to detect dangerous driver behaviors and in-cab conditions it was considered to be of 

vital importance that nomadic devices and radio systems were integrated with the vehicle so 

that the use of them could be detected via CAN. Among the devices that were desired to 

monitor were mobile phones, GPS, and various handheld computers for orders and 

communication with the hauler. 

Some driver data could be recognized directly by the use of vehicle sensors. A simple way to 

determine the driver's experience was to check his SDS score. Also measurements of lane 

deviation or time headway would give an indication on his driving skills or driving style. 

Besides it could help identifying driving under the influence or just distraction by phone 

conversations. Those parameters or systems that could be used to evaluate the driver’s 

conditions were listed in Table 8. 

Lane deviation (LDW) Steering wheel angle variance 

Speed variance Hard breakings 

Time headway Number of lane changes 

Tachograph data SDS score 

Table 8. Parameters and systems used to determine the driver’s condition.  
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6. MATRICES 

When the fundamental inputs for the Information Hold system had been covered, their mutual 

interdependencies were left to identify. It was soon clear that the desired functionality of the 

system could be achieved in numerous ways depending on which sensors and signals that 

were used and how different situations were classified and assessed. However by making 

matrices a reasonably simple solution could be attained based on the most common sensors in 

Scania vehicles today and using numbers from 0-4 to grade different situations and their 

impact on the perceived workload.  

In order for the system to know how the different scenarios would affect the driver they had to 

be classified according to well defined standards. Even though driving is primarily a visual 

task both auditory, motor and cognitive resources are affected as well. Therefore it seemed 

appropriate to classify the different scenarios according to these categories and estimate how 

much resources the situations claimed respectively.  

Situations were also classified according to danger of accidents and messages were given 

priorities depending on the importance of their content. 

6.1. In-cab tasks and messages in relation to modality 

The relations between the dangerous in-cab behaviors that had been distinguished and the 

perceived driver workload were summarized in Figure 16. The behaviors were also graded 

with respect to traffic safety by the help of a parameter named Danger. One of the statistically 

most dangerous in-cab scenarios is talking on a cell phone regardless if the driver uses a 

handsfree or not. In addition to a high auditory and cognitive load mobile phone calls were 

therefore also connected with a high danger level.  
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Figure 16. Different in-cab situations classified according to their impact on traffic safety and workload. 

In general, tasks that required the driver to move his eyes of the road were given a visual load 

depending on time it took. Auditory load was based on the amount of sound the driver was 

exposed to. Tasks that required the driver to move his hands were given load levels on motor 

depending on the complexity of the task. Complex tasks were also given high grades on 

cognitive load since they were believed to demand more mental resources.  

Just like tasks different informational messages and warnings were also classified according 

to their visual, aural, motor and cognitive load depending on their content (see Figure 17). A 

long text message was considered to demand more visual and cognitive resources than simple 

symbol, warnings including sounds were given a higher auditory load. Messages and 

warnings that required the driver to take action were given load levels on motor even if they 

themselves did not impose any motor demands on the driver. If the driver only needed to 

acknowledge the message it was given 1 as load but if more serious actions were needed a 

higher grade was used. 
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Cell phone (with handsfree)

Making phone call (dial) 3 3 1 4 2

Making phone call (via ICL phonebook) 2 2 1 3 2

Making phone call (voice dial) 2 1 3 2 2

Talking in phone 3 1 4 1 3

Write sms (Holding phone) 4 4 0 4 4

Read sms (Holding phone) 3 4 0 3 4

Radio/CD

Turn on radio 1 2 1 2 1

Change radio channel (preset) 1 3 2 2 2

Change radio channel (tuning) 2 4 2 3 3

Change track CD 1 3 2 2 2

Change CD (manually) 3 3 0 4 1

Listening to radio 1 0 2 0 2

Listening to loud radio 2 0 3 0 2

In-vehicle computer (Interactor)

Confirm order 1 1 0 2 1

Navigate in menues 1 3 0 3 4

GPS (integrated in radio)

Change destination 3 4 0 3 4

ICL and dashboard

Browsing dashboard disp. menu 2 3 1 2 1

Using other dashboard buttons 3 3 1 3 1

Other in-cab events

Talking to passenger 3 1 4 0 4
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Figure 17. Selected messages and warnings displayed in the ICL2, in relation to modality and priority. 

All messages were also given a priority level depending on how important they were with 

respect to traffic safety and the risk of vehicle breakdown. Generally warnings were given a 

higher priority than informational messages with the exception that messages that are 

displayed as a feedback from direct driver actions were given the second highest priority. This 

ensures transparency of the system by notifying the driver what is happening (keep him inside 

the loop).  

The most critical warnings were given the highest priority and should always be shown on top 

of everything else. Thus the highest priority should be used with care when introducing new 

warnings. 

6.2. Driver characteristics in relation to sensor systems 

Since all drivers are different it was believed important to be able to adapt the system after 

driving skill, style or age of the driver. Some of the results were also thought to be able to use 

to detect driving under influence. In Figure 18 some driver characteristics are presented along 

with different parameter for detecting or defining them.  

An experienced driver was thought to be able to handle more information and maintain 

control over his vehicle than a less experienced driver. By for example measuring various 

parameters in the vehicle a certain skill level or driving style can be found for each driver. 

Large variances in steering wheel angle and land deviations would signify a less experienced 
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Not specified

Close to collision alarm 0 4 3 4 4

Incomming phone call 1 3 4 2 4

Red - Alarms

EBS warning state 1 3 3 1 2

Low parking/trailer brake pressure 1 3 3 1 2

Maximal pivot angel reverse driving 0 3 3 3 2

Serious enginge problem 1 3 3 1 3

CAN communication failure 2 3 0 1 3

Combined low supply pressure warning 0 3 3 3 4

Gearbox oil temp alarm 2 3 0 3 2

High engine coolant temperature 2 3 0 3 2

Retarder oil temperature alarm 2 3 0 3 2

Amber - Warnings

ABS failure 2 3 0 1 2

AiCC malfunctioning Warning 3 3 0 1 2

Clutch overload 1 3 0 3 2

White - Information

Converter oil temperature info 4 3 0 1 3

Differential lock 1 3 0 1 2

Low windscreen washer fluid level 4 3 0 1 2

Outgoing/active call 4 3 4 1 4

Service indicator, Distance to service 4 3 0 1 3

Torque limit indication 3 3 0 1 2

Tyre pressure insufficient 4 3 0 1 3

SDS tips 4 3 0 0 2

GPS Direction 1 3 4 0 3



 

39 

 

driver while the number of lane changes (takeovers) would impose a more aggressive driving 

style. Another system to estimate the driver's skills is of course SDS. 

 

Figure 18. Matrix for identifying different driver parameters. 

6.3. Traffic situations in relation to modality 

The traffic situations that had been deemed as critical earlier were also classified in a similar 

manner as  the in-cab tasks (see Figure 19). The traffic situations that were considered to be 

the most dangerous were given high grades in the danger category, while those demanding 

little effort were given low grades.  

Intersections and roundabouts were considered to require special attention from both visual 

and cognitive resources and were therefore given high grades in those categories. Auditory 

and motor load did not vary as much between the different situations as in the case with in-

cab task, but in those situations where drivers had claimed that they used their hearing in the 

survey were given slightly higher grades in auditory load. The motor load was slightly higher 

in those cases where extra attention was thought to be needed to keep the vehicle on the road. 

 

Figure 19. Classification tables for different traffic situations and their impact one visual, auditor, motor and 

cognitive load. 
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6.1. Traffic situations in relation to sensor systems 

A matrix with traffic situations and vehicle sensors was made to ensure that each situation 

could be defined in a unique way using a determined number of vehicle sensory systems (see 

Figure 20). Unlike Scania's previous solution with Scania Driver Support a wider range of 

sensors were taken into account, like GPS and front radar. The matrix did also include some 

upcoming assistance systems and gadgets in order to make the system future-proof. 

 

Figure 20. Matrix with different situations/conditions and in-vehicle sensors used to detect them, present or soon 

present in Scania trucks and buses. 

The system should preferably also be scalable since not all trucks and buses are equipped with 

the same set of sensors. Though seeing that a lot of the traffic situations can be detected by a 

range of sensor it is likely to at least have some basic functionality of the system left even if 

the truck or bus lacks many of the systems in Figure 20. As an example GPS with digital 

maps can be used to predict a lot of situation well in advance, nevertheless much effort was 

put into finding other solutions as well since far from all trucks and buses delivered today are 

equipped with this system. Due to the consistent way of classifying both messages and 

situations it would also be easy to introduce new systems to improve the accuracy of the 

system or detecting other types of traffic situations.  
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6.5. Environmental conditions in relation to danger 

Apart from intersections and lane changes other parameters effects the driving safety. Some 

of these parameters were grouped as environmental conditions and were considered to affect 

all modalities. They were also considered to be present during an indefinite time which made 

them harder to classify in the same way as the other situations. Because of that the different 

environmental conditions were only given a danger classification, based on the truck driver’s 

response in the survey and from accident statistics, shown in Figure 21. 

 

Figure 21. Different environmental conditions and their effect on traffic safety. 
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High Speed 3
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7. CONCEPTS 

7.1. Concept 1 – Jigsaw 

With the different categories of load as a basis the first concept was developed. It was 

resemblant of a jigsaw puzzle with the different kinds of stimuli being pieces that have to fit 

into the frame (the driver’s mental capacity), see Figure 22. All stimuli, both inside and 

outside of the cab were scored in the four load categories according to the matrices, and when 

one of the categories reached a threshold incoming stimuli would end up in a queue waiting 

for available space. If more than one stimulus would end up in the queue their intermutual 

order were decided by a priority that each stimuli was given. This did not apply to traffic 

situations which entered the jigsaw at the minute they occurred. Another exception was red 

warnings which always were allowed through on account of safety reasons. The same thing 

applied to actions that were initiated by the driver. If feedback on an action would be left out 

it would probably only lead to frustration and maybe be interpreted as a fault in the system. 

 

Figure 22. The most detailed concept Jigsaw. The maximum workload level is adjustable by driver skill and 

environmental conditions. If the maximum level of one modality does not have room for the incoming stimulus 

it is blocked from entering – like in the case of the phone call in the picture. 

An extension of the system was to adjust the size of the space inside the jigsaw according to 

factors like driver skill or weather conditions. In the survey that was conducted slippery roads 

were considered the traffic condition that was the hardest when it came to driving skills and 

also the one that demanded the most attention. Considering these facts it seemed reasonable 

that the overall workload threshold would be lower when roads are slippery. 
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On the contrary an experienced driver might tolerate an overall higher workload compared to 

an inexperienced one. The previously described theory of rule- skill- and knowledge-based 

behavior could entail that a greater number of stimuli would be skill- or rule-based for an 

experienced driver and thus imply a lesser cognitive load. 

7.2. Concept 2 – Fever 

The second concept was developed with the intention to create something less complicated 

than Jigsaw. It was based on the same principle of scoring stimuli according to the elevated 

workload that they create but it did not distinguish different types of load from each other. 

Every stimuli gets one score on the overall considered workload, see Figure 23. Initially the 

score is based on the added raised workload from the categories which are scored in Jigsaw, 

but if the concept was to be chosen and additional stimuli was to be added this would not be 

necessary. When the maximum level of allowed workload is reached, incoming stimuli are 

placed in a queue in the same manner as with Jigsaw. Like the previous concept the maximum 

level of allowed workload could be decreased due to weather conditions or heavy traffic and 

increased when operated by a skilled driver. 

 

Figure 23. The concept Fever which is based on the idea that the driver can handle a certain level of overall 

workload. Just like in the case of Jigsaw the phone call is blocked if there is not enough available workload left. 

http://tyda.se/search/distinguish
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7.3. Concept 3 – Three’s a crowd 

The third and the simplest concept was called Three’s a crowd. It was based on the idea that 

the driver can only handle a limited number of separate stimuli at the same time, see Figure 

24. Thus the stimuli were not scored in any way and they all toke up the same amount of 

mental resources. If all slots were filled incoming stimuli would be placed in a queue. In 

similarity with the two previous concepts the number of slots can be altered to adjust the 

system according to poor conditions or driver skills. 

 

Figure 24. The concept Three’s a crowd allows the driver to handle three stimuli at the same time. When one 

stimulus has ended it simply exits its place leaving room for a new one. 

7.4. Concept selection 

The concept selection was made on the basis of the opinions that surfaced in the mid-way 

presentation. The third and simplest concept Three’s a crowd was considered to be too simple 

and did not allow enough room for all variations in situations and warnings that could occur. 

Other opinions that were brought out were that it would be interesting if the system could 

have room for individual differences and automatically, or through settings be adapted 

according to the characteristics of the driver. Such a parameter that would alter the drivers 

total allowed workload could be age. If the ramifications of such a setting would be noticeable 

to the driver, concerns were raised as to whether the driver would perhaps perceive this as 

offensive and a judgment on his skills. 

Another question that was raised was whether the system should allow the driver to switch it 

on and off. Some claimed this would be a good way to ease the user into a more permanent 
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system that would perhaps follow in later versions of Scania’s trucks. Although this view was 

contradicted by some meaning that the system was designed to raise security and that such a 

function would be saying it did not succeed in doing so.  

A solution to both these problems that was suggested was that the system would be invisible 

to the driver. In this way there would be no hurt feelings or bruised egos and hopefully the 

impact of the system would be so finely tuned that it would not be noticeable. 

One thing that would be hard to keep the driver from being alerted to is blocked phone calls. 

If he was not made aware of the fact that a phone call had not been allowed through, on 

account on high workload, misunderstandings would inevitably arise. Imagine that the hauler 

would ask one of his drivers why he did not answer the phone when he called and the driver 

would have no knowledge of such a call because it had been blocked by the system. Situations 

like this might cause problems which is why blocked cell phone calls would have to be 

indicated in some manner. 

All these opinions were brought along to the prototype development and were taken into 

account during the further project work. 
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8. PROTOTYPE DEVELPOMENT 

Of the three concepts that were developed during the concept generation, two were considered 

to be suitable of further testing by the making of simple prototypes. The idea was to use 

existing hardware and software tools at Scania to construct the algorithms needed to handle a 

simulated information flow according with the concepts. The prototypes should also be able 

to communicate with the vehicle through the on-board vehicle network, (CAN). 

The two concepts that had got the best response during the workshop at Scania were Jigsaw 

and Fever. Since both concepts will use basically the same information from the vehicle to 

assess the situation a major part of the algorithms would be similar and the development of 

the two prototypes could therefore be combined. 

8.1. Prototype limitations 

It soon became obvious that the development platform used imposed certain constraints on the 

prototype. The most significant was the fact that it was only capable of listening to one CAN 

bus at a time. Since the system was based on information from several CAN buses it would 

not be possible to test the functionality in real life in a vehicle.  

As mentioned before the current ICL is only connected to the yellow CAN bus and all other 

messages that are needed today is gated through the Coordinator. To change the configuration 

of either the Coordinator or the ICL was not possible at time thus that led to further 

restrictions on the system. It also became clear that even if a message was gated to the ICL, it 

did not necessarily listen to all signals in that message. 

These limitations severely decreased the possibility to be able to test the system in a real life 

situation since all the information needed would not be available. However to test the logic 

and the basic functionality over CAN the development platform was connected to the yellow 

bus, which still contained the major part of the signals needed. The solution to the lack of the 

other was solved by hijacking CAN signals on the yellow bus that wasn’t used in the 

prototype. This would of course not be possible when trying to test the system in a vehicle but 

worked out well on the bench. The hijacked signals were integrated in the panel in CANoe 

that was used for testing. 

8.2. Basic structure 

Even if it was decided to make two prototypes their basic structure would still be the same. 

That is which situations that would be assessed and which warnings and messages that would 

be shown. Thus it became natural to first develop that part of the prototypes and later on make 

two different versions, one for the Jigsaw concept and one for the Fever concept. 

The software GUIDE was used to program the prototypes, Figure 25. This could be done 

either by the use of a state-machine or logical operators. Most of the algorithms for the 

prototype were created through the use of global variables affected by CAN-signals and 

conditional statements. Some parts also required the use of the state machine, for example the 

display of warnings and messages.  
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Figure 25. Screenshot of the software GUIDE which was used to create the logic for the prototypes. 

8.3. Warnings and messages 

The existing setup used in GUIDE had all the gauges and a working menu that made use of 

the state machine. However it did not contained any warnings or informational messages so 

they had to be implemented before the functionality could be tested. As a start 12 different 

messages and warnings, of varying priority and load, were chosen (see Appendix 2) among 

those that had been assessed previously, (see Figure 17). It seemed sufficient since a warning 

with a certain priority level could represent all other warnings at the same level. 

By connecting a state with a certain view different warnings and messages could be created. 

To be able to show warnings and messages at any time independent of where in the menu the 

driver was it was necessary to use so called dynamic states. The dynamic states could be 

triggered independently of the status of the normal state machine. The most important 

messages were given priority 0 which makes them show up above other messages with lower 

priorities (1, 2, 3 or 4). If two states with the same priority were triggered the latest was 

shown in front of the older.   

The messages were allowed to be shown until they had been acknowledged by the driver or 

until the reason for the messages had expired. The warnings for Clutch overload and Close to 

Collision were considered to be triggered during such a short time that a delay were needed to 

make sure the driver noticed them. 

All warnings and messages in the prototypes were triggered by CAN signals. However if a 

message should be blocked due to high driver workload it should still be shown later on when 

the workload had reached a lower level, provided that it still was relevant, (The fact that the 

message still should be relevant was left out of the prototype to facilitate the programming). It 

turned out to be hard to solve in GUIDE but a satisfactory solution was finally achieved by 

introducing a decision point in each dynamic state that checked if the message should be 

blocked or not. If conditions for a block was fulfilled the program moved down to a sub-state 
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where it waited for 0,1 sec and then went back to the decision point again to reevaluate the 

condition. When the message should be shown the block condition should not be fulfilled and 

the program would move to the state with the attached view for the current message or 

warning (see Figure 26). 

 

Figure 26. A dynamic state in GUIDE with a decision point for determining if a messages should be blocked or 

not. 

8.4. Detection of situations 

From the results of the literature study a number sensors and signals had been selected to be 

used for identifying different scenarios, Table 7, the most important ones where chosen to be 

included in the prototype. There was also a redundancy in several situations which made it 

possible to reduce the number of sensors needed as well. Future systems that had been 

included previously were also removed from the prototype development since no information 

on how they would work was available. In some cases sensors were chosen depending on 

which bus they were connected to, for instance engine torque were chosen over accelerator 

pedal position since it could be accessed on the yellow bus. 

Whenever the vehicle is equipped with an integrated GPS, information about upcoming traffic 

situation can be obtained well in advance. However since far from all Scania customers select 

the GPS system other sensors were chosen as well to be able to detect most traffic situations 

even without GPS. 

Each scenario and traffic situation was assigned to a global variable that was triggered by 

signals from selected sensors, when meeting certain conditions. As an example if the driver 

reduces his speed and turns on the right directional indicator he is probably approaching an 

intersection and will make a right turn. 

To be able to manage the fact that all the sensor inputs might not come at the same time a 

delay was introduced here as well. In the example above the driver can choose to reduce his 

speed to an acceptable level first by braking and then give right turn signal. Thus the two 

sensory signals brake and turn right will not necessarily happen at the same time which would 

lead to that the system fails to detect the turn.  

The delay was implemented in a similar way as the warning management described 

previously. A dynamic state without any graphic (invisible) was created for those situations 

that needed a delay. When a situation was triggered by a certain condition the state machine 

moved to the first state in the current situation and stayed there until the conditions that 

triggered the event was no longer fulfilled. The state machine then moved on to the next state 

which contained a delay function and stayed there for the specified amount of time before it 
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jumped back, out of the dynamic state, and signals that the situation has expired, see Figure 

27. 

 

Figure 27. A dynamic state in GUIDE with a delay used for prolonging signals. 

Many of the different scenarios and situations were triggered by a combination of several 

signals and some of them were even dependent on other situations (see Appendix 2). The 

conditions were set by a feature in GUIDE called Global conditional actions, which 

constantly read the values of the selected variables and checked if the condition was fulfilled 

or not, see Figure 28. 

 

Figure 28. Global conditional actions window in GUIDE where most of the conditions used for detecting various 

situations were created. 

8.5. Fever 

When the basic structure of the prototypes detected different scenarios and situations in a 

desired way the development process moved on into the next phase, to test the two concepts. 

Because Fever only measured the total workload it was considered easier to start with. 

Since the different scenarios and situations had been classified according to several categories 

their total effect on the workload needed to be assessed. After some simple tests with different 
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loads and scenarios it was decided that it could be done by adding all the grades from the 

different categories in Figure 16, 17 and 19 and then divide the sum by two and round of to an 

integer. However some further fine tuning was later on required to achieve the desired 

functionality.  

By default the maximum workload allowed was quantified to 10 and the current scenario or 

situation caused a raise in the estimated workload depending on its classification.  

During the progress of making the Fever prototype, the concept was also developed further 

and it was deemed sufficient that warnings and messages should be blocked in three different 

levels. The advantage was easier programming and classification of warnings and messages. 

Depending on the amount of additional workload the driver was estimated to manage global 

variables were set. If the available workload was less than 5, messages with the lowest 

priority (4) were blocked. If the available workload was less than 3 messages of priority 3 was 

blocked and if it was less than 2 messages of priority 2 was blocked. Simple rules could now 

be applied to determine if a warning or message should be postponed or let through. Warnings 

and messages with higher priority (1 or 0) was never blocked. 

In order to better adapt the system to current road conditions and different drivers the 

maximum workload allowed could be adjusted with the parameters Driver grade (based on 

SDS score) and Traffic conditions. A low driver grade would result in a maximum workload 

level of 8, while an average grade gave the default value 10. A good grade resulted in an 

available workload level of 12. The four different traffic conditions that could be detected by 

the system would each lower the maximum allowed workload by 1 if triggered. To prevent 

that too much information would be blocked a minimum level of 6 was introduced, overriding 

any lower number.  

To facilitate the demonstration of the prototype the Fever interface was equipped with a 

“workload bar” in the bottom right corner displaying the current estimated workload level. 

When one of the blocking levels was reached a red dot appeared to inform that some 

messages could be blocked, see Figure 29. In its final design the bar would not be present 

since it probably would cause a raise in workload itself. 

 

Figure 29. The Fever interface, similar to the Color+ design in Scania’s trucks and busses, except for the 

workload meter in the lower right corner. 

Messages that are blocked temporarily will appear after a while, and missed calls will be 

indicated to increase the transparency of the system. 
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8.6. Jigsaw 

The Jigsaw prototype had unlike Fever four different workload levels, one for each modality, 

vision, hearing, motor and cognition, and the classification of situations and messages was 

done according to Figure 16, 17 and 19. Furthermore the prototype made use of the Danger 

category in the tables to delay low priority messages in critical situations even if the driver 

would have a sufficient amount of resources left to handle the information.  

At first the danger level for each situation was planned to be added in similarity with the load 

levels and then compared with the priority of the message. This however turned out to result 

in too many warnings and messages being blocked. After some adjustments a function was 

introduced that set the danger level according to the situation with the highest danger. As an 

example, if the driver approaches an intersection, danger level 3, and at the same time listens 

to radio, danger level 1, the overall danger level is set to 3. 

Intersections and roundabouts were some of the situations that were given high danger levels 

(level 3) and caused most messages and warnings that were not urgent or critical to be 

delayed. The only situation considered to be more critical was Close to collision, in which 

case all other warnings and messages were blocked. For less critical situations the danger 

level 1 or 2 was used. When no critical situation was detected the danger level dropped to 0. 

Another thing implemented on the Jigsaw prototype was load levels for messages and 

warnings as well. Apart from messages being blocked in critical situations they now also 

contributed to the estimated workload depending on their content. The idea was to inhibit 

other warnings and phone calls if a message containing complex information was showed. 

When the driver had acknowledged and checked off the message the workload would drop 

again. 

The load levels for each modality worked almost in the same way as the overall workload in 

the Fever prototype. Different scenarios and situations caused the load to rise or fall 

depending on the classification. The only difference was the scale and the fact that there 

needed to be enough available resources in all four of the modalities in order for a message to 

be displayed, Figure 30. 

 

Figure 30. The interface of the Jigsaw prototype with the load meters for each modality in the lower left corner 

and the current danger level in the lower right corner. 

As default the maximum load on each modality was set to 5 and could drop to 3 as a 

minimum and be raised to 7 at the most. This was as in the previous case controlled by driver 

grade and traffic conditions. Depending on the grade the maximum load for each modality 

was raised by 0, 1 or 2. The traffic conditions lowered the maximum load by 1 each but even 

if all four traffic conditions were detected it was set to only cause a decrease by two on the 
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maximum level. Unlike traffic situations, conditions like slippery road and poor visibility 

were expected to be present during longer periods of time, which is why they were not 

allowed to decrease the maximum workload level by more than 2, to prevent that messages 

were blocked for too long. 

Warnings and messages that required more resources than available were blocked 

individually, and not at certain levels as in the Fever prototype.  

8.7. Testing of Prototype 

During the development of the prototypes they were tested continuously, initially in GUIDE 

and then with help of CANoe. With a developed panel in CANoe all CAN-signals used by the 

Information Hold system could be triggered from one place, and by setting up different 

scenarios and trying to display various messages the system response was tested. When an 

undesired event occurred the parameter in the model was tuned until the desired effect was 

achieved.  

Even if the functionality of the system could be ensured by these simple bench tests, it was 

still necessary to find out how it would behave in the field with real drivers. The original plan 

was to try to fit the system into a simulator at Scania and compare results of drivers driving 

with and without the system. However due to limitations in the simulated environment those 

plans were later abandoned. 

It was also impossible to mount the system into a real truck since the development platform 

only could be connected to one CAN bus at a time and therefore the system would lack 

several important signals.  

Another solution to the problem was to record data from a real truck driving a predetermined 

way and then replay the data in real time to the system. In this way at least two CAN buses 

could be recorded and hopefully used to test the system. By the help of a portable computer 

with CANoe, the red and yellow CAN buses were recorded during a short test run with one of 

Scania’s test trucks. The trip included intersections, roundabouts and highway entries and 

exits.  

Unfortunately it became clear that the developed prototypes could not handle the full 

information flow from the CAN bus in real time and crashed. Even if efforts were made to 

reduce the information flow to only the most essential signals the system would still not 

function as intended and further tests were canceled due to lack of time. 
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9. DISCUSSION 

Initially it was unclear whether the problem of information overload in trucks actually existed. 

When discussing it with personnel at Scania they seemed convinced it did, but when talking 

to truck drivers they were not. No driver had ever experienced any discomfort or thought that 

there had been any risk to the safety of him or his fellow road users on account of phone calls 

or warnings. One thing that might explain these differing opinions is the fact that most trucks 

on the roads today do not have all the advanced systems that they are expected to have in the 

future. And as the truck drivers might not be aware of this, the personnel at Scania are 

developing and working with these truck systems right now. In conclusion it might be a little 

early on to spot any actual implications of information overload but that does not mean that a 

system for information management will not be necessary in the future. The opinion of the 

two authors is that it is high time to start the development of these systems. One that is 

supported in a vast majority of the scientifically papers read during this project. 

The fact that drivers are not aware of the problem yet might prove an added difficulty when 

trying to introduce the system, as mentioned during the workshop in connection to the mid-

way presentation. Even though the systems sole purpose is to make driving safer it might be 

hard for the drivers to accept that phone calls are sometimes not allowed through. This has 

indeed been the most controversial part of the project and the decision to in fact block phone 

calls at times was not easy. The authors opinions is that the statistics speak for themselves – if 

the risk of ending up in an accident is highly increased when talking on the phone while 

driving it is clear that it occupies important cognitive (or other) resources. If the risk of being 

in a critical traffic situation is increased it would be unwise not to block incoming phone calls. 

Many of the system developed during various research projects are also suggesting the use of 

more voice messages, for example Ford. An argument against Ford’s chosen philosophy is the 

fact that interacting with a digitalized voice might be similar to talking on the phone which in 

those cases almost would make things worse. 

Another thing that might be difficult is if the system judges drivers on account on their age or 

skill and adjusts the available workload accordingly. The solution in the prototype is to let the 

grade from Scania Driver Support dictate the maximum level of workload allowed but if the 

system was ever to be realized this method would have to be tested for validation of Scania 

Driver Support as a good prediction of driver ability. If factors like age or experience would 

in fact become a part of the system these would also have to be validated and the ethical 

dilemma they entail would have to be considered carefully. 

What would have to be further considered when the system is realized is the choice of which 

concept to develop – Jigsaw or Fever. The best solution might be a combination of the two, 

but one thing that is sure is that the levels of raised workload that have been assigned to each 

situation, task or warning would have to be carefully considered all over again. As stated in 

the Method section the classifications made in this project are to a large extent based on 

hunches of the authors and the people consulted during the project. One thing that everybody 

seems to agree on is that dividing the workload between a number of modalities is a good 

thing in theory and might be good in reality too. But if it proves to be difficult to grade every 

stimulus in this manner the concept Fever might be a more reliable way to go. 

When it comes to how advanced the system should be, and if it would benefit from the 

technical advancements that today’s trucks are on the verge of it, is hard to tell. Features like 

rear view camera and front radar are sought after by a lot of the drivers (this became clear 

both after the survey and the interviews) and if they are present in the truck they would 
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probably benefit the Information Hold system as well. A feature like GPS, which actually 

does not seem that common in trucks today, would be of great help in identifying traffic 

situations like roundabouts and intersections. This would be beneficial especially as it would 

be possible to detect the situation before it is actually occurring and adjust the allowed 

workload accordingly. However as seen during the project most critical traffic situations 

should be able to detect even with only the most basic vehicle sensors and a lot of work can 

be done in this area without the use of the more advanced systems. 

A problem that arouse during the prototype development was that the system sometimes 

detected more than one traffic situation at the same time, which led to a higher workload than 

necessary in those moments. It was somewhat remedied by altering the conditions for each 

situation but part of the problem persisted. On the other hand it was considered to be better 

that the system at sometimes predicted a higher workload and the other way around.  

Another thing that was discovered when testing the prototypes was the effect of the danger 

parameter. It was introduced to inhibit messages of low priorities in critical conditions even if 

there was enough “mental resources” left. However during the tests the danger level all too 

often became controlling and counteracted the use of the workload meters, especially in the 

Jigsaw prototype. One can question the need of two ways of determine which information that 

should be let through at a certain time and the desired functionality could probably be 

achieved in another way, perhaps by letting low priority messages “consume” more workload 

and thus causing them to be inhibited earlier. On the other hand it might not matter as long as 

the system functions as intended. 

Whether modalities should be used or not to assess driver workload can also be discussed. 

After testing both prototypes on the bench no major differences were found in their way of 

blocking messages and warnings. If this is the case there is no need of making the system 

more complicated by adding extra parameters. Though using modalities made the work of the 

assessing the impact of different messages and situations more clear and structured. Hopefully 

it will also contribute to a more fair judgment of the situations. 

A major setback during the late phase of the project was the failure of testing the prototype in 

real life situations. In order to truly be able to evaluate the functionality of the prototypes real 

test drives with professional drivers would be necessary. Even if the prototypes did not 

include all of the desired functionality of the Information Hold system they would hopefully 

help to at least increase the comfort for the driver. 

On a final note it is interesting that the companies that already have a system similar to 

Information Hold today have not chosen to bring these forward in their marketing. One reason 

could be that a system limiting their advanced driver assistance systems would not be 

regarded as a cool technical advancement. Also critical voices have stated that the reason why 

these systems are not marketed is the fact that they are not 100 percent reliable yet. 

Maybe Scania with its evident safety focus could find a way of showing the necessity of such 

a system and make costumers realize the importance of it. Since no other truck manufactured 

has chosen to bring such a system into focus Scania could be perceived a somewhat of a 

pioneer. 
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10. CONCLUSION 

With the rapid development of new information techniques and the vast amount of gadgets 

emerging in both cars and trucks, the use of information management systems will soon be 

necessary.  

It has been shown that it should be possible to make continuous evaluations about driver 

workload while the vehicle is moving by analyzing the current situation with various vehicle 

sensors and estimate their impact on four different modalities.  

The most critical traffic situations are from the driver’s point of view slippery roads and bad 

visibility. However statistics also highlights the use of mobile phones as one of the most 

common reasons for traffic accident. 

It should be possible to detect critical situations by rather simple means using current systems 

in Scania’s trucks and buses today. Even if more advanced methods might be required in the 

future most of the situations can be found by identifying for example characteristic pedal and 

steering wheel actions. 

The lack of proper testing of the developed system made it hard to evaluate the true benefit 

and performance of the system. 

The developed system should be easily scalable due to the consistent way of classifying 

messages and warnings. 

Recommendations for future work  

In order to continue the development of the Information Hold system a prototype that can be 

tested in the field with real drivers is essential to evaluate the true effect of the system. Further 

user studies are also necessary to find out the appropriate workload levels for all stimuli 

mentioned in the project. 

A lot of work has been done within the area, both in this and other projects that can be used as 

input for further development. Especially interesting are the number of emerging standards 

that currently are under development. None of these have been properly associated with 

legislation yet but could prove to be useful guidelines and also help prepare for future 

legislation. 

Integration of nomadic devices with the vehicle is of great help when trying to evaluate the 

current workload. To develop the support for integrating, at least mobile phones, with the 

system must be seen as crucial.  

In order for the ICL to be able to host a system like Information Hold a closer connection to 

the coordinator is needed. It would also require additional support for various nomadic 

devices to be able to integrate them into the system.  
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APPENDIX 2: PROTOTYPE OVERVIEW 

Results of prototype development – Fever 
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Results of prototype development – Jigsaw 
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Intersection right 3 3 1 2 3 Slippery roads -1 -1 -1 -1

Roundabout 3 4 1 3 3 Dense traffic -1 -1 -1 -1

Take over 3 3 2 2 4 High speed -1 -1 -1 -1

Changing lanes 1 2 1 2 1 Driver Grade Low 0 0 0 0

Exit 2 2 1 2 2 Driver Grade Average 1 1 1 1

Close to collision 4 4 3 4 4 Driver Grade High 2 2 2 2

Clutch use 1 0 0 0 0

Brake/retarder use 1 2 1 1 1

Sudden brake use 3 4 2 4 4

Sharp curve 3 2 1 3 2

Reverse 2 4 2 3 3
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Talking in phone 3 1 4 1 3 Close to collision alarm 0 0 0 0 0

Controlling radio 1 3 2 3 2 SDS tips 4 3 0 1 3

Listening to loud radio 1 0 3 0 2 EBS warning state 1 3 3 1 3

Low parking/trailer brake pressure 1 3 3 1 2

Serious enginge problem 1 3 3 1 3

ABS failure 2 3 0 1 2

Clutch overload 1 3 0 3 2

Differential lock 3 3 0 1 2

Low windscreen washer fluid level 4 3 0 1 2

Outgoing/active call notice 2 0 0 0 0

Receive phone call notice 2 3 4 2 4

Visual GPS directions 1 3 4 0 3
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Flow chart signals and situations in Information hold 
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CAN-signals used in Prototypes 

The following appendix is a list of all CAN-signals used in the prototype and the conditions used 

to trigger traffic situations etc.  

 

Traffic situations

Changing lanes

or and IH_Formula Time To Turn < 5

or NavigationInformation_NAV_StreetSegmentNo1Type = 6 (*)

and TCO1_TCO_TCOVehSpeed > 13 000

IH_Detect Gear Down = 0

or IH_Situation Indicate left = 1

IH_Situation Indicate right = 1

Roundabout

and IH_Formula Time To Turn < 10

or NavigationInformation_NAV_StreetSegmentNo1Type = 12 (*)

Exit

and IH_Formula Time To Turn < 10

or NavigationInformation_NAV_StreetSegmentNo1Type = 7 (*)

NavigationInformation_NAV_StreetSegmentNo1Type = 8 (*)

NavigationInformation_NAV_StreetSegmentNo1Type = 10 (*)

Intersection Right (Also detects when going through in intersection straight on.)

or and IH_Formula Time To Turn < 10

or NavigationInformation_NAV_StreetSegmentNo1Type = 3 (*)

NavigationInformation_NAV_StreetSegmentNo1Type = 18 (*)

IH_Situation Indicate left = 0

and or IH_Situation Clutch use = 1

IH_Detect GearDown = 1

IH_Situation Brake / Retarder use = 1

IH_Situation Indicate right = 1

Intersection Left

or and IH_Formula Time To Turn < 10

or NavigationInformation_NAV_StreetSegmentNo1Type = 3 (*)

NavigationInformation_NAV_StreetSegmentNo1Type = 18 (*)

IH_Situation Indicate left = 1

and or IH_Situation Clutch use = 1

IH_Detect GearDown = 1

IH_Situation Brake / Retarder use = 1

IH_Situation Indicate left = 1

Reverse

or ETC2_T_TransmissionCurrentRange = 82

ETC2_T_TransmissionCurrentRange = 12626

ETC2_T_TransmissionCurrentRange = 12882

ETC2_T_TransmissionRqstedRange = 82

ETC2_T_TransmissionRqstedRange = 12626

ETC2_T_TransmissionRqstedRange = 12882

(*) Can be any of the StreetSegmentNoXType which range from 1 to 19.
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Take over

and IH_Situation Indicate left = 1

or IH_Situation Clutch Use = 1

IH_Situation GearDown = 1

or FuelEconomy_E_FuelInstaneousFuelEconomy > 3000

EEC1_E_ActualEngine_PercTorque < -80

IH_Situation Brake / Retarder use = 0

IH_Situation Sudden Brake = 0

Sudden Brake

EBC1_A_BrakePedalPosition > 150

Brake / Retarder use

or EBC1_A_BrakePedalPosition > 5

ERC1_RD_ActualRetarderPercentTorque > 130

Clutch use

or TransmissionProprietary2_T_ClutchActivationState = 2

TransmissionProprietary2_AWD_ClutchActivationState = 2

Close to collision

CCMD_GP_CCM_CCMCollisionWarning = 1

Sharp curve (Calcutated using equation) IH_Formula Sharp turn > 1

TCO1_TCO_TCOVehSpeed

Steering Wheel Angle (Red bus)

Time to turn (Calcutated using equation) IH_Formual Time To Turn

NavigationInformation_NAV_Distance to turn

TCO1_TCO_TCOVehSpeed

Help situations (indicators)

Gear Down

ETC2_T_TransmissionRqstedRange < ETC2_T_TransmissionCurrentRange

Gear Up

ETC2_T_TransmissionRqstedRange > ETC2_T_TransmissionCurrentRange

Indicate left

CUVInformation_V_DirectionIndicatorLeftIntended = 1

Indicate right

CUVInformation_V_DirectionIndicatorRightIntended = 1

Environmental Conditions

Slippery road

AmbientConditions_K_AmbientAirTemperature < 8832

High speed

TCO1_TCO_TCOVehSpeed > 18 000

Dense Traffic

CCMD_GP_CCM_CCMTimeGap = 4
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Poor visibility

or TimeDate_ICL_Hours > 19

TimeDate_ICL_Hours < 5

Driver SDS Grade

DriverEvaluationData_K_DriverEvaluationAverageGrade

In-cab situations

Talking in phone

or PhoneStatus_AU_CallStatus = 2

BOOL.Call Notice = 1

Incomming call

or PhoneStatus_AU_CallStatus = 3

BOOL.Call Incomming = 1

Answer Call

PhoneRequest_ICL_CallHandlingRequest = 1

Hang Up / Reject Call

PhoneRequest_ICL_CallHandlingRequest = 0

Pressing radio buttons

or RadioControl_ICL_VolumeUp = 1

RadioControl_ICL_VolumeDown = 1

RadioControl_CT_Mute = 1

RadioControl_ICL_Skip_PresetUp = 1

RadioControl_ICL_Skip_PresetDown = 1

RadioControl_ICL_Search_SeekUp = 1

RadioControl_ICL_Search_SeekDown = 1

RadioControl_ICL_NextDisc = 1

RadioControl_ICL_PreviousDisc = 1

RadioControl_ICL_SourceSelect = 1

RadioControl_ICL_SourceRequest > 1

High Volume

and or RadioInformation_AU_Volume > 100

RadioInformation_AUS_Volume > 100

RadioInformation_AU_MuteStatus = 0

Browsing ICL menu

Nav. Button Left

Nav. Button Right

Nav. Button North

Nav. Button South


